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TRAUMATIC INTRACEREBRAL HEMORRHAGE 

^\ITH P\KTICUL\R REFERENCE TO ITS P VTHOGENESIS AND ITS 
RELATION TO “dEL-WED TRAUMATIC APOPLEXY’^ 

CYRIL B COURVILLE, MD 

AND 

OLOV A BLOMQUIST, MD 

LOS ANGELES 

To those familiar with the effects of trauma on the bram and its 
envelopes, the importance of the mechamsm by which the mjur}’' is 
produced m mterpretmg the pathologic picture is quite evident Eacli 
t)*pe of injur}^ is now known to produce its ovm charactenstic train 
of lesions The appalling increase in craniocerebral injuries consequent 
to traffic accidents has brought into prommence a number of effects 
which appear to be the direct consequence of strikmg of a stationary 
or relatively stationai*}^ object b}’' the head m motion These effects 
have been long described as coup-conU ecoup effects One of the lesions 
belonging to this group mIiicIi to date has not been given any selective 
attention is gross hemorrhage into the cerebral substance — traumatic 
intracerebral hemorrhage 

In 1891, Bollinger described 4 cases m which death occurred rather 
suddenly from tnel\e to fdty days after an mjury to the head and 
pro\ed at autops}^’ to have been due to hemorrhage into the ventncles 
or the bram substance Since that time considerable attention has been 
^\en, particularly in the contemporary French and German literature, 
to a S}Tidrome which has come to be knovm as ''dela}ed traumatic 
^poplex}/* in the support of vhich several mvohed tlieories ha^e been 
elaborated The importance of determining the truth or falslt^ of this 
assumption from a medicolegal standpoint, if for no other reason, is 
clearly evident Should a patient or his dependents recene compensa- 
tion or damages as a consequence of an apoplecbc stroke vliich occurs, 
^or example, one month after a cranial injur} ^ Is there ewdence to 
support the assumption that such a condition as dela\ed traumatic 
apoplexy actuall} exists^ If so, is there an}’^ relation betv\een this 
condition and gross intracerebral hemorrhage vliich occurs sliortlv 
^fter an mjurs" to the head’ 

From the Department of Neurolog\, College of Medical Ei'angelists, and the 
^jal Laborator\ of Neuropathology, Los Angeles Count} Hospital 
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a seucs “‘f our ob.erraUons m 

senes of oS cases of gioss hcmoirliage into the cerebral substance 

« nch followed .n;ury to the head We propose to discuss the LelanTsL 

Ifnns n", i’^orrhage, to determine its 

Aanous pathologic types, to present its gross characteristics and to 

note us ultimate effect on the brain With the resultant findings to 

use as entena, the matter of delayed traumatic apoplexy will then be 
scrutinized 


material and methods 

Foi this study the records of a senes of 439 cases of fatal cramo- 
ccrebial injury have been studied In these cases the patient was 
examined clinically in the neurosurgical service at the Los Angeles 
County Hospital The autopsies were performed by the coroner's 
surgeons, Dr A F Wagner and Dr John H Schaefer, who furnished 
one of us (Courville) with records of their observations and permitted 
him to make a personal study of the intracranial lesions 

In ordei to determine the mechanism by which the various lesions 
were pioduced, an effort has been made to determine from the hospital 
notes and other lecords how the injuries were sustained Attention 
was given to the points of application of force to the head as well as 
to the location of intracerebral injuries Correlation was also made with 
the roentgen findings during life and with the location and type of the 
fracture of the skull observed at autopsy 

In this series of 439 cases, 36 cases of gross hemorrhage into the 
brain were discovered Two additional cases were found in the records 
of the Cajal Laboratory from other sources We have excluded a 
number of cases in which the hemorrhages were relatively small, that 
IS, m which the clot was smaller than a cherry This was done to 
establish some sort of criterion as to the size of the clot, although even 
m these excluded cases the mechanism was found to be the same as in 
the case of the larger hemorrhages To note any possible effects of 
injury on the blood vessels or the nerve tissue in the region of the 
basal ganglions and particularly the internal capsule, the brains m a 
series of over 80 additional cases of old injury of the brain, sustained 
between three months and twenty years before death, which resulte 
from some other cause have also been studied It is from this list o 
cases that 2 of the 38 cases of traumatic intracerebral hemorrhage have 
been taken to show the delayed effects of such hemorrhage 


MECHANISM OF CEREBRAL INJURY 
In another connection,^ reference has been made to the mechanism 
by which traumatic lesions of the brain are produced uci csion 

C B Pathology of the Central Nenous S>slcm A Sludv 

Based upon a Sur^ey of Lesions Found in a SeriM of “nTlS 

Mountain View, Qhf , Pacific Press Publishing Association, 1957. pp 
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may be tlie result of a direct or an indirect injur} , those due to the 
former medianism are most common and of greatest importance 
Indirect injui*}, such as falls on the feet or buttocks or blows to the 
chm, rarel} produce gross cerebral lesions On the other hand, direct 
mjunes may produce cerebral lesions by (1) compression of the head 
b) some relativel} un}ielding object, (2) staking of the head by an 
object in motion and (3) striking of a relatuely immobile, solid object 
h\ the head m motion In tins last group are to be found injuries 
sustained m traffic accidents or falls 

In traffic acadents, whether injuries are tlie result of collision 
between two automobiles or between an automobile and some relatively 
stationan object or whether a pedestrian is struck bv an automobile, 
the craniocerebral damage is sustained while the head is in motion 
The resultant lesions, namel} , certam tv pes of subdural and subarach- 
noid hemorrhage, contusions of the brain and petechial and gross hemor- 
rhages into the brain substance, are the result of this peculiar mechamsm 
and are designated as coup-coufrecoup lesions At the same time, as a 
result of falls or forcible projection against some relative!} immobile 
object, there may also be sustamed direct mjunes at tlie pomt of impact 
should the head strike a small object wuth sufficient force to cause 
local injuries to the skull 

CLVSSIFICATIOX OF TRAUMATIC IXTRACEREBRAU HEMORRHAGE 

On the basis of the mechanism by w^hich the lesion is produced, a 
studv of our cases disclosed tw o separate t:}’pes of traumatic intracerebral 
hemorrhage The first t}pe occurs as a consequence of direct injurv 
to the skull and is usuall} assoaated wTth a compound fracture The 
second tvpe of hemorrhage is that which is tlie result of a coiip-coutic- 
^oiip mechanism These hemorrhages m turn may be adjacent con- 
sequent to a local contusion, or may occur independenth within the 
cerebral centrum 

Traumatic Intracerebral Hemorrhage Due to Ducct Iiijiny — It 
natural to expect that senous mjunes to cerebral or cerebellar 
"vessels bv fragments of skull or indnven foreign bodies wtU be followed 
more or less extensive hemorrhage ether or not sucli an injurv 
to the skull is follow ed by sev ere bleedmg depends entire!} on the extent 
of laceration of tlie bram and the proximity of the lesion to one of the 
^ajor artenes or veins In our expenence (wTth relafaveh few cases) 
compound depressed fractures over the area supplied b} the middle 
cerebral arterv and its major branches are most apt to be tollowed h\ 
Stoss hemorrhage 

The immediate effect of an indnven fragment of bone or foreign 
^odv IS laceration of the brain, the extent of wffiich is naturallv limited 
the margins of the depressed area and its depth bv the extent of 
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penetiation of the fragments from the skull or the associated foreign 
body In addition to direct laceration of the brain substance by frag- 
ments of the skull, gloss effusion of blood into the cerebral substance 
furthei results in excavation of a cavity in the brain (fig 1) If the 
patient survives the injury, the clot absorbs, and a more or less sharply 
outi ncd cai itj lemains directly beneath the defect in the skull This 
cavit} may extend into the lateral ventricle It does not present the 
serious scan mg and deformity with adhesion to the dura which accom- 
pany a depressed fracture with laceration of the brain without serious 
hemorrhage 

We have observed but 3 cases which would answer this description, 
and, interestingly enough, m 2 of them the injuries were old The 
essential details of these 3 cases are included m table 1 In the first and 



Fig 1 — Traumatic intracerebral hemorrhage following direct injury, showing 
the mechamsm of its production The injury was a compound comminuted depressed 
fracture with laceration of the cerebral vessels by bone fragments 


Table 1 — Intracerebral Hemorrhages Consequent to Laceration of the Brain 


Oase 

No 

Age 

Sex 

How 

Injured 

Period 

of 

Survival 

PocatJon of 
Lesions In 
Scalp 

Injury to 
Brain 

Size and 
Location of 
Hemorrhage 

1 

67 

d* 

StruclL 
by auto 
moblie 

61 hours 

Left temporo 

occipital 

region 

Local depressed 
fracture of skull 
with laceration 
of brain 

Recent extensive 
hemorrhage into 
left temporal 
lobe 

2 

66 

e 

Fall from 
train 

18 years 

Left parietal 
region 

Local depressed 
fracture of skull 

Old large hem or 
rhaglc cavity In 
left parietal 








region 

3 

57 

e 

Gunshot 

wound 

22 years 

Left upper 
central region 

Local compound 
comminuted frac 
ture of skull 

Old small hemor 
rbngiccavlty In 

upper portion of 
left precentral 








gvni* 
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second cases tlie injur} \\as due to a compound comminuted depressed 
fracture of the skull In the second case the lesion ^^as studied some 
eighteen years after the original injury The characteristics of this lesion 
are sho^^ n m figure 2 In the third case the brain w as examined enty- 
t\\o years after an accidental gunshot 'wound of tlie head It presented 
an irregular cavity in the upper portion of the left precentral g^^'nis 
The details of this lesion have been descnbed m another connection - 
The old, multilocular cavity was not ver} extensne, probably the result 
of indn\en fragments of bone as well as of the passage of the bullet 
Its fairly smooth w^alls presented eMdence of pigmentation even after 
this long inteiw^al, indicating tliat a blood clot had occupied this space 



2 (case 2) — Traumatic porencephab Note the old hemorrhagic ca\atv 
m the left parietal lobe consequent to compound comminuted depressed fracture 
of the cranial ^^ult 


Traumatic Inti accrch) al Hemorrhage Due to Coup-Coutrccoup 
^ujury — In this larger group of cases cerebral damage was sustained 
'^hile the head w’as in motion in the course of an automobile accident or a 
^^11 If the intracerebral hemorrhage in these cases is to be considered 
actualK an effect of the coup-cout recoup mechanism, it is necessan that 
die lesion conform to the rules as far as its location is concerned and it 
should be comparable in this regard to contusions w Inch are the most 
tv’pical lesions m this group A brief statement of tlie essential factors 
IS here m order 

2 Coumlle C B and Kimball, T S Histologic Ob^cn-ationc m a Cace 
of an Old Gunshot Wound of the Brain, A.rch Path 17 10 (Tan) 4 
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1 Injury to the fiontal icgion piodiiccs a coup lesion of the frontal 
lobes, not inficqucntly accompanied by a coup or conUecoup lesion of 
one 01 botli temporal lobes 

2 Injuiies to the temporal and paiietal regions commonly produce 
couh ecoup lesions , less commonly, coup lesions of the temporal lobe 

0 Injuries to the occipital region produce conli ecoup lesions of the 
basilar surfaces of the frontal lobes or of both the frontal and the tem- 
poral lobes Occipital injuries do not produce coup lesions 

As will be shown, this group of intracerebral hemorrhages fill all 
the postulates for coup-coutj ecoup lesions, since they were sustained 
when the head was in motion and were located in parts of the brain 
which are ordinarily contused by such injuries 

ANATOMIC CL^SSiriC \TI0N 

From the study of the cases in our series, we have been able to 
elaborate the following classification of traumatic intracerebral hemor- 
rhage ( 1 ) hemorrhage into the frontal lobes, which may be either con/’ 
or conti ecoup, adjacent or central,® (2) hemorrhages into the tem- 
poral lobes, which may be coup or conti ecoup, adjacent or central, (3) 
bilateral cerebral lesions, usually frontal or temporal, indicating both 
coup and contt ecoup effects, (4) hemorrhage into the ganglionic region 
which may be either coup or confrecoup m effect, and (5) hemorrhage 
into the cerebellum, essentially a coup effect 

Because of the individual characteristics of the lesions in the various 
anatomic locations we have chosen to discuss them on this basis 


TRAUMATIC HEMORRHAGES INTO THE SUBSTANCE 
OF THE FRONTAL LOBES 

Traumatic hemorrhage into the frontal lobes seems to be a fairly 
common consequence of injury and may be the result of either a coup or 
a confrecoup injury In 13 of our 38 cases the hemorrhage proved to be 
located in this region Reference to table 2 discloses some interesting 

3 In this connection it is necessary to define the words 
“central,” which have been used in the foregoing classification In this 
“adjacent” refers to a major hemorrhage directly consequent to a focal con ^ 
of the cortex and subcortex It is not meant to include, however, the 
which IS an essential part of the contusion itself In some instances, 
bruise is severe and when some preexisting disease of the blood vesse 
rupture, a gross effusion of blood into the lobe takes place, which co 
the onginal lesion and undoubtedly assists in bringing about the paticn 
On the other hand, "central hemorrhages” are those effusions v 
unmanly m the centrum of the frontal or the temporal lobe, less 
where and often with little or no evidence of focal contusions ^ ^ j},at 

times these central hemorrhages extend to and rupture f ^ 

this lesion might possibly be mistaken at operation for an 



Table 2 — Hemorrhages Info the frontal Lobes 


Caee 


Period 

Location of 




Sex 

How 

of 

Lesions In 

Cerebral 

Cerebral 

Conscious 

Age 

Injured 

Surrlval 

Scalp 

Contusions 

Hemorrhages 

Interval 




\ Coup Hemorrhages 






Adjacent 



4 

\utomobiIe 

22^ hours 

Right and 

Right and left 

Moderate-sized 

0 

d 

collision 


left frontal 

frontal and 

hemorrhages into 


29 



region 

temporal lobes 

right and left 







frontal lobes 


3 

Automobile 

40 hours 

Right and 

Left frontal 

Small hemorrhage 

0 

d* 

accident 


left frontal 

lobe 

into left 


40 



region 


frontal lobe 





Central 



6 

Automobile 

18^ days 

Right Iron 

^one 

Very large hemor- 

2 to 3 

$ 

collision 


tal region 


rhage into right 

hours 

43 





frontal lobe 


7 

Struct hy 

hours 

Right and 

Right and left 

Small hemorrhage 

0 


automobile 


left frontal 

frontal and 

into right and 


45 



regions 

right temporal 

left frontal lobes 






lobes 



S 

Struct b 7 

6 days 

Right and 

Right frontal 

Very large bemor 

^ hour 

cT 

automobile 


left frontal 

and temjmral 

rhage into right 





regions 

lobes 

frontal lobe 


9 

Fan 

2S hours 

Right and 

Right and left 

Very large hemor 

Coma for 

cf 



left frontal 

frontal lobes 

rhage into left 

2 hours 

“S 



regions 


frontal lobe conscious CV 







coma 




B Contrecoup Hemorrhages * 




Medial 

Frontal Hemorrhage with Contusions (Typically Adjacent) 


10 

Automobile 

50 hours 

Occipital 

Right and left 

Moderate adjacent 

0 


accident 



frontal lobes 

hemorrhages into 


Adult 





left and right 







frontal lobes 


11 

Fall (epi 

10^ hours 

Right occIp> 

Right and left 

Moderate adjacent 

CompIJ 

c? 

lepsy) 


Ital 

frontal lobes 

left frontal 

cated by 

4S 





hemorrhage 

convulsions 



Lateral Frontal Hemorrhage AVIthout 

Contusion 




(Central with Rupture to Surface 

171 ) 


12 

Fall 

days 

Left parietal 

Right frontal 

Moderate adjacent 

Coma few 

<f 

i 1 



region 

and temporal 

hemorrhage Into 

hours con 

4t 




lobes 

right frontal 

«cIous 






lobe 

5 days 






coma 4 days 

13 

Fall 

4 days 

Right occip- 

Right and left 

Mas'Iye adjacent 

0 

o 



ital region 

frontal lobes 

left frontal 


vZ 





hemorrhage 


14 

Struct bv 

3^ days 

Right occip- 

Right and left 

Moderate adjacent Incomplete 

o 

automobile 


ital region 

frontal left 

left frontal 

latent 





temporal lobes 

hemorrhage 

Interval 

1 1 

Automobile 

9 days 

Left occip- 

Right and left 

Moderate adjacent ! 

rncompI'’te 

c 

“O 

Occident 


ital region 

frontal lobes 

right frontal 

latent 






hemorrhage 

Interval 



Both Adjacent and AtypIcaDr Central Hemorrhage 


ir 

Struct by 

days 

Right and 

Right and left 

2sumerou« moderate 

Coma fo" 

o 

automobile 


left oedp- 

frontal and 

adjacent and 

hourc 


Itnl reglona rfght temporal central h^'mor con doc^ 

lobes rbfl re* Into both "dar 

frontal loN’' coma 4 tlTvc 


^e dI«cn««Ion In text lor cla^'^Iflcntlon of tM« premp of ca nc 


archives of surgery 

01 central However as will jJ d ^ i ^ adjacent 

sm,ply class.fied ! ' T, ’r.-J -e not so 

gross external contusions are u, nail! T , '«™orrhages with 

of the frontal lobes There is a second tvne" f 

■n the fiontal cent.un, and extends to t^: surCZll^flZ'toZ: 




Fig 3 — Traumatic hemorrhage into the frontal lobe, showing the mechanisms 
of its production /i, parasagittal hemorrhage from coup injury, B, lateral hemor- 
rhage from coiiticcoup injury 


semilunar slit along the mferolateral margin of the lobe Whether this 
is in fact an adjacent or a central hemorrhage will be discussed in the 
proper section Typical contrecoup hemorrhages are rare, being found 
in only 1 case and then in association with typical bilateral adjacent 
hemorrhage 

Adjacent Fiontal Heinoi i Pages — Whether a coup or a contrecoup 
effect, according to our definition an adjacent hemorrhage is part of a 
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focal traumatic lesion of the basilar surface of the frontal lobe The 
contusion usually involves the medial aspect of the basilar surface, 
ordinarily just lateral to the anterior portion of the straight gyrus From 
the external contused area, often hmited m extent, there extends upv ard 
and outv^ard into tlie brain a narrow hemorrhagic cavity, the anteropos- 
terior extent of which varied considerably in the cases studied In cases 
of mild injur}’* it may be a slitlike space m which hemorrhage is seen at 
autopsy In other cases this cavity may extend throughout the length 
of the frontal lobe, rupturing into the anterior horn of the corresponding 
lateral ventricle with consequent ventricular hemorrhage In fact, this 
mechanism constitutes one of the numerous forms of traumatic intra- 



4 (case 11) — Bilateral traumabc "adjacent” frontal hemorrhages \nth 
rupture into the anterior horn of the lateral ^ entncle (arrow ) 

ventricular hemorrhage A fairly characteristic lesion of this sort is 

shovn m figure 2 

Lateral Frontal Hemorrhage, Possibly Central — The second t}pe ot 
intrafrontal hemorrhage, vhich closely resembles the central t\pe in 
some respects, is one in which the clot is found more lateral!} in the 
lobe This lesion seems to occur with injuries definite!} to one side or 
the other of the occiput The hemorrhage is often fairl\ !argc and ma\ 
c\ca\ate a considerable caMt} in the substance of the honiolateral frontal 
lobe It extends almost ln^a^abl} to the surface of the lobe b\ a slit 
^ong the curbed inferolatenl margin of the frontal lobe V t\picil 
lesion of this ^anetx is shown in figure 3 It ma\ rupture into tlic 
interior horn of the corresponding ^ entncle The prolonged period of 
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survival with the suggestion of a lucid interval clinically and the absence 
of associated cortical contusion indicate that this lesion is a variety of 
true central hemorrhage 


Typical Genual Hemoirhages of the Frontal Lobe —Only four 
typical central hemorrhages occurred as a result of a coup injury and 
m 3 cases the effusion was large (% 4) In 1 case of contrecoup 
injury several paracentral hemorrhages were observed in association with 
adjacent hemorrhages Central hemorrhages in coup lesions are fre- 
quentlj'- accompanied by a more or less definite contusion of the sub- 
frontal region and are therefore indicative of a rather severe injury to 
the head 

In spite of this, it is of interest to note that there is a rather long 
period of sunnval, suggesting a progressive lesion in such cases Atten- 
tion should be called to 1 case in particular (case 6, table 2) A patient 
survived for tliirteen and one-fourth days after an injury to the head in 
which the essential lesion was a massive hemorrhage into the right frontal 
lobe Since there was a penod of consciousness following the accident, 

It seems quite likely that the hemorrhage, evidently initiated in some 
way by the injury, continued until death ensued In this sense the lesion 
IS characteristic of a delayed traumatic hemorrhage More attention will 
be drawn later to this question of delay in onset of the symptoms pro- 
voked by the hemorrhage 

As for the contrecoup type of hemorrhage, although it is adjacent 
in every case, the rather prolonged penod of survival is a matter of 
special interest The patient survived a number of days in all but 2 
cases It should also be noticed that in this group of cases there occurred 
in a number of instances what appeared to be an interval of consciousness 
after transitory short penods of coma, with a subsequent relapse into 
coma and eventual death 


TRAUMATIC HEMORRHAGES INTO THE TEMPORAL LOBE 

From a study of table 3 it will be found that rmt/) hemorrhages of 
the temporal lobe, either adjacent or central, were rather rare This is 
in accord with the relative infrequency of contusions of the temporal 
lobe on the same side as the injury Contrecoup lesions of the temporal 
lobe are the rule It will furthermore be observed that in the larger 
group of conUecmip hemorrhages, most effusions occur in the centrum 
of the lobe They are not accompanied with local contusions, although at 
times coup contusions of the frontal lobe may be present This leads 
one to conclude that, although temporal contusions may be so sc\crc as 
to provoke a local hemorrhage, central hemorrhages are more apt o 
occur as a conUecoup effect of the injury Furthermore, these centra 
effusions into the central lobe are frequently large and m this rcga 
u ould correspond closely to spontaneous hemorrhages mto the 
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T\blz 3 — Hemorrhages Into the Tern {'oral Lobt 


How 

Tnjnreil 

Period 

of 

Survival 

Location of 
Lesion^ In 
Scalp 

Cerebral 

Contusions 

Cerebral 

Hemorrhage*: 

Conscious 

Interval 



\ Coup Hemorrhages 





Central 



3IotorcycIe 

accident 

3^4 days 

Right frontal 
and temporal 
region 

^one 

Small central hemor 
rhage into right 
temporal lobe 

0 

Automobile 

accident 

hours 

Left tern 
poral region 

Left and right 
frontal and 
Tight temporal 
lobes 

Large central heinor 
rhage into left 
temporal lobe 

0 


B Contrecoup Hemorrhages 
Adjacent 


2o 


o 


d* 


e 

•In 


d* 

4S 


r-iM 

15 hours 

Left tern 
poral region 

Right and left 
temporal lobes 

Large adjacent 
hemorrhage Into 
right temporal 
lobe 

0 

1 all from 
Iiorsc 

Cl hours 

Left temporo 

parietal 

region 

Right temporal 
lobes 

Massive adjacent 
liemorrhage into 
right temporal 
lobe ivith con 
sequent subdnrnl 
hemorrhage 

No preliml 
nary coma 
coma after 
IS boors 

btrucL by 
automobile 

IS hours 

Left frontal Eight temporo 
region occipital region 

Central 

Moderate adjacent 0 

liemorrhage into 
right temporo 
occipital region 

Pull 

10 days 

Right tem 
poral region 

>one 

3Ias*Ive central 
hemorrhage Into 
left temporal lobe 

S 9 day 
Interval 

Struck by 
automobile 

3 days 

Right froD 
tal region 

I\one 

Alultiple small 
central bemor 
rhages Into left 
temporal lobe 

Suggestive 

Interval 

Struck by 
automobile 

52 hours 

Right fronto 

temporal 

region 

2s one 

3Jasslve central 
hemorrhage Into 
left temporal lobe 

0 

Fall 

days 

Right tem 
poral region 

yone 

Massive central 
hemorrhage Into 
left temporal lobe 

No Interval 
survival 
period pro 
longed by 
operation 

Struck by 
motorcycle 

dnvs 

Right fronto 

temporal 

region 

Right frontal 
and temporal 
lobes 

Ma«elve central 
hemorrhages Into 
left temporal 
lobe 

Prtllmlnary 
coma then 
partial 
recovery 
foIloTred 
by coma 

1 nil 

4 days 

Right tem 
poral region 

^one 

Massive central 
hemorrhage Into 
left temporal Iol>c 

Interval 

hourc 

I nil 

About 

G days 

Right fron 
tal region 

Left temporal 
lobe 

Jfa'slvc hemor 
rhage Into left 
temporal lobe 

Interval ’ 

Automobile 

accident 

7 month* 

? 

None 

Old hemorrhag c 
cavity with exten 1 

ton 


to basilar furfnc* 
of temporal lo)-^ nn*! 
lateral vcntrIcV 


11 
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Pai licular emphasis should be placed on this point, because it is this 
gioup of cases in which the hemorrhage is se\ere enough to require 
seiious clinical consideration, demanding theiapeutic attention in and of 
Itself This differs from adjacent intracerebral hemorrhage, which is 
a part of an already serious and extensive lesion Moreover, the patients 
frequentl) have a prolonged period of survival, at times with a lucid 
inter\ al, or symptoms may come on gradually and progressively after a 
relatively minor frontal injury This also suggests the likelihood that 
such hemorrhages are progressive lesions, initiated in some way by the 
injiny and producing sjmptoms by a gradual accumulation of blood in 
the cenli uni A deepening coma ultimately results in the patient s 

death 



Fie 5 (case 13) —"Central” traumatic frontal hemorrhage with rapture to the 
ifa?. ISw) along the inferolateral margin of the lobe 

A, H.,no,r,.,.s .,.10 (/.e 

lages of the temporal lobe contus.on ,s 

rtdently have a smi.lar ,„beortex This laceration 

tcompamed by a iacerat.on of *<1 cortex a 

gtends mto the bram, tearing some of ,, cavity .a 

"e'nt hemorrhage When the eff-on^js of jffictent^ 

xcavated in the w nte ma lateral ventricle, another cause 

“f ?i. »>• "i:"” 

“r,rr»“-. ^ »“■ ~ " " 
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give nse to definite lateralizing phenomena, which encourage the surgeon 
to do a decompression in the hope of finding a subdural clot At opera- 
tion the clot may rupture spontaneously through the exposed cortex 
into the field of tlie decompression, or it may be discovered by needling 
the temporal lobe Indeed, ^^lth a basilar contusion it may be difficult 
for the surgeon to determine whether he is dealing with a primar}^ 
central hemorrhage or an adjacent one 

Central Hemorrhages of the Temporal Lobe — As ^mII be seen b} 
refernng to table 3, gross hemorrhages into the temporal or temporo- 
ocapital region may be either a coup or a confrecoiip effect, usually the 
latter The resulting lesion seems to be characteristic in that there is 



Fig 6 (case 8) —Unusual ty^t of “central” traumatic hemorrhage into the 
frontal lobe \\uth rupture into the bod> of the nght lateral ventricle (arrow ) A 
small “adjacent” hemorrhage into the ipsilateral temporal lobe is also shown 


a massne effusion of blood into the temporal or temporo-occipital cen- 
trum vithout local cortical contusions This is an area rarely imohed b} 
spontaneous hemorrhage These hemorrhages are often extensne (fig 
6), although in 2 cases in our series the hemorrhages were small 

Although they are obMOusly conirccoup lesions, central hemorrhages 
into the temporal lobe are relatnel} infrequent This ma\ be explained 
b\ some b} the fact that hemorrhage does not occur unless the injurv 
IS se\ere On the other hand, the absence of superficial contusion in 
such cases seems to make this supposition rather untenable Arterio- 
sclerosis ma} pla\ an important role, for a considerable number of 
the patients are be}ond middle life On the other hand, in se\cral 
instances m this stud\ the patient wa^ rclatneh \ouua: (23 \ears of 


archives of surgery 

age m 1 case) The influence of other vascular diseases, such as 
S}philis, seems to be negligible, although the possibility of hypoplasia of 
the arteries, which predisposes to easy rupture by trauma, may account 
for this particular phenomenon These facts make it seem very likely 
that either some peculiar mechanism of the injury itself or, more 
probably, some other predisposing factor accounts for its occurrence 
These effusions excavate an elongated fusiform cavity in the temporal 
and adjacent occipital centrum, conforming to some extent to the 
radiation of white fibers in these lobes The occurrence of a lucid 
mterral after a preliminary period of unconsciousness suggests that the 
hemorrhage is a progressive one, increasing in size as the hours and 
days pass The longest period of survival in this series was ten days 
In tins respect the lesion qualifies as delayed traumatic apoplexy The 



Fig 7 — Traumatic hemorrhage into the temporal lobe, showing the mechanism 
of its production J, conireccnip "adjacent" hemorrhage, a part of a gross con- 
tusion of the lobe , B, confrecoup “central” hemorrhage 


mechanism of progressive bleeding scarcely accounts for those cases in 
which weeks or even months elapse between the time of injury of the 
vessel and death The evolutionary character of the lesion is strongly 
indicated by the progressive clinical course when the patient survives 


for several days 

It IS a fairly common thing for these large effusions to rup 
through the cortex or into a ventricle There seems to be no particular y 
specific location where this rupture takes place At times it occurs we 
forward in the temporal lobe, often through the supenor tempora ^ 
or sulcus More commonly, however, it occurs lower on the ^orso 
surface, through the middle or inferior gyn or sulci, ^ve^ tow^ 
posterior portion of the lobe Not infrequently, however, the effu 
ruptures through the basilar surface of the lobe The 
meninges are torn, and there is a gross effusion of blood into t 



COhRVlLLE^BLOMQUIST^lXTRACLREBRAL HEMORRHAGE 15 


space In such cases the findings at operation ma} lead to the belief 
that the subdural hemorrhage is primar}’', the surgeon not being able to 
discover its exact source Not infrequently the effusion breaks through 
into the lateral ventncle (fig 7) In the great majonty of cases a 
massive hemorrhage into the temporal lobe results fatally unless by 
chance the cavity is surgically excavated either directly through the 
cortex or by draining the effusion in the subdural space after its rupture 
E^-acuation of the subdural clot, however, is often incomplete and inef- 
fectual, and death occurs 

HEMORRHAGES INTO BOTH FRONTAL AND TEMPORAL LOBES 

As Will be noted in table 4, hemorrhages into both the frontal and 
the temporal lobes are relatively infrequent In certain severe injunes 

Table 4 — Hemorrhages Jnto the Frontal and Temporal Lobes 


Ca«e 

Xo 

Age 

Sex 

How 

Injnrea 

Period 

of 

Survival 

Location of 
Lesions In 
Scalp 

Injury to 
Brain 

Size and 
Location of 
Hemorrhage 





A 

Ooup Hemorrhage 


SO 

35 

cT 

Struct by 
automobile 

12 hours 

Right and left 
frontal region 

Right and left 
frontal and 
temporal lobes 

Adjacent hemor 
rhages In right 
frontal and tern 
poral and left 
frontal lobes 





B Contrecoup Hemorrhage 


31 

79 

d 

FaU 

42 hours 

Right occipital 
region 

Left frontal lobe 

Adjacent hemor 
rhage In left fron 
tal and central 
hemorrhage In 
left temporal lobe 


both the temporal and the frontal lobes are injured, and (rarely) hemor- 
rhages into the contusions in both these locations ma)'^ contain gross 
blood clots with extension into tlie centrum This is probably a matter 
of coinadence in severely injured patients and has no clinical significance 
It ^^lll be noted that in most of the cases the hemorrhages v ere '^adjacent 
except in the second case, in \\ hich tlie lesion v as ‘'central 

BILATERAL HEMORRHAGES INDICATING BOTH COLP AND 
CONTRECOUP EFFECTS 

In table 5 the essential findings in a series of 4 cases are recorded 
m vhich hemorrhages Mere observed in both cerebral hemispheres 
occurring as a rule in a line mIiicIi points out the line of force produced 
b\ trauma This through and through effect is manifested b^ hemor- 
rhages extending through the centrum of the brain \n exception is 
ttoted in case 33 in mIhcIi there vere observed hemorrhages sccondan 
fo contusions of both temporal lobes a rather unusual situation These 
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elusions weie small, the largest apparently located on the side of a 
trauma A rathci interesting situation is found in the first case in this 
scries, in winch hemorrhages 'were observed in both external capsules 
and the left lenticular nucleus In the following section further attention 
will be drawn to the question of hemorrhages in the ganglionic region 
This series of cases is probably of no special clinical significance, 
those patients who survived for a few hours having been so seriously 
hurt that the intracerebral hemorrhages were simply a part of the general 
pathologic picture Perhaps of greater importance in these cases is the 
suggestion of the true conp-conh econp mechanism Attention has already 


Table S — Bilateral Hemorrhages Indieatiug Both Coup and Coufrecoup Effect 


Case, 

Sex, 

Age 

How 

Injured 

Period 

of 

Survival 

Location of 
Lcalon In 
Scalp 

Injury to 
Brain 

Size and 
Location of 
Hemorrhage 

Conscious 

Intcrral 

d 

70 

Automobf^e 

cccJdcDt 

3 hours 

Left tem 
pora] region 

K/ght temporal 
Jobe 

Multiple am all to 
moderate central 
hemorrhages In left 
and right external 
capsules and left 
lenticular nucleus 

0 

S3 

9 

BO 

StrucI br 
nutomobilc 

5^ days 

Lett tempoTO- 

occipital 

region 

• Kone 

Multiple small to 
moderate central 
hemorrhages Into 
right temporal 
and left temporo- 
occipital regions 

0 

84 

9 

60 

Automobile 

collision 

1816 hours 

Left tem 
poral region 

Eight and left 
temporal lobes 

Moderate left and 
small right adjacent 
hemorrhages In 
temporal Jobes 

0 

35 

d 

30 

Fan 

29^ hours 

KIgbfc occlp 
ital region 

Lett irontal 
and temporal 
lobes 

Multiple modernte and 0 
central hemorrhages 

Into left frontal and 
temporal lobes and 
small hemorrhage 

Into right temporo 
occipital centrum 


been drawn by one of us (Courville) to certain cases in which a hne 
of lesions through the brain is seen at autopsy This suggests that the 
hne of force extends directly through the brain across the diameter of 
the skull, indicating that the conUecoup lesion is probably a result 
of direct transmission of force rather than of any of the pecu lar 
mechanisms which have been suggested The string of lesions m 
this senes of cases strongly indicates that this is the case Why t is 
occurs in a relatively few cases and why the ganglionic region is ap 
to be spared it is difficult to determine The central, or ganglionic, pa ^ 
of the brain, lying as it does beneath the inferior margin of the ia v 
may be more easily displaced from side to side without causing sen 
injury m this location 
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HEMORRHAGES IK THE G A.KGLIONIC REGION 

In table 6 is recorded a senes of cases in Mhich small hemorrhages 
\\ere observed in the lenticular nucleus, commonly the putamen, or 
extending into the C'ttoval capsule In half of these cases the hemor- 
rhages M ere also seen in other locations and ha^ e already been included 
m other groups In the remaining 3 cases the hemorrhages n ere limited 


Table 6 — Traumatic Hemorrhages Into the Ganglionic Region (External 
Capsule and Lenticular Huclcus) 


Case 

S X 
Age 

Ho^v 

Injured 

Period 

of 

Survival 

Location of 
Lesion of 
Scalp 

Injury to 
Brain 

SUe and 
Location of 
Hemorrhage 

Conscious 

Interval 

7* 

cf 

Struct bv 
flutomoblle 

7^ days 

Occipital 

region 

Right and left 
frontal and 
right temporal 
lobes 

Multiple moderate 
adjacent and 
central right and 
left frontal hem 
orrhages clot 
about size of 
marble In right 
lenticular nucleus 

Coma levr 
hours then 
con*^ clous 
three days 
terminal 
coma four 
days 

S6 

cf 

Gi 

Struct by 
automobile 

7 days 

Left tem 
poral region 

^one 

Small hemor- 
rhages left lentlc 
ular nucleus large 
hemorrhage right 
external capsule 

persistent 

coma 

S7 

d* 

62 

Automob'Ie 

collision 

3U days 

Left tern 
poral region 

Right tem 
poral lobe 

Small hemorrhage 
Into right exter 
nal capsule 

0 

9 

6 

Pall 

4^ hours 

Right fronto 

temporal 

region 

^one 

Moderate hemorrhage 0 
into left external 
capsule 

o 

•10 

Automobile 

accident 

40 hours 

Right and 
left frontal 
regions 

Left frontal 
lobe 

Small adjacent hem 
orrhage In left 
frontal lobe marblt 
sized clot In left 
lenticular nucleus 

0 

V 

TO 

Automobile 

accident 

8 hours 

Left tern 
poral region 

Right tem 
poral lobe 

Multiple small to 0 

moderate hemorrhnees 

In left and right 
external cai>sn]es 
and left lenticular 
nucleus 

'’I 

d“ 

IS 

Automobile 

accident 

8% hours 

Right and 
left frontal 
regions 

Right and left 
frontal and 
temporal lobes 

Marble sized clot 
into right lentlc 
ular nucleus 

0 


noted that there is some duplication in this table Eome ot the cases belni: 
JouDd qLco in previous groups 


to the external capsule or the lenticular nucleus (fig 8) These hemor- 
rhages too ma’v be manifestations of either coup or confrecoup injurv , 
that IS, the} ma} occur on the same side as the external injur}^ or on 
Opposite side Of particular interest in this group are those cases 
Mhich an injur} to the frontal or the occipital region results in a 
^all focal hemorrhage in the lenbcular nucleus of the same or the 
Opposite Side Such an injur} is probabh a modification of the 'Through 
through t\"pe^^ of trauma, as is suggested b^ some of the cases in 
group Since the occipital lobe is unaffected b\ either coup or 
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>n ‘h'S lobe tends to 

•mpo.r tlio olhciu.sc complete impression of llirmigh and tlirough rararv 
m these cases Atlenlion mil be again diawn a later section to this 
matter of hemorrhages m the ganglionic region 



Fig 8 (case 20) — “Adjacent” traumatic hemorrhage into the temporal lobe. 
The consequent edema and distortion of the ventricular pattern are also shown 



Fig 9 (case 25) — “Central” traumatic hemorrhage into the tempora 
The unusual size of the cavity and the place of rupture to the surface as « 
consequent edema and distortion of the ventricular pattern are shown 


COMMENT 

It Will be seen from a study of this senes of cases that mtrac < 
lorrhages are essentially a coup-contreconp effect, the injuc 
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F>g 10 (case 26) — l^Iassne “central” traumatic hemorrhage conirccoup into 
the temporal lobe with rupture into the lateral lentncle as well as to the surface 
(arrows) A coup hemorrhage of the frontal lobe is also shown The broken 
hue shows the direction of force. 



Fig 11— Traumatic hemorrhage into tlie ganglionic region showing the mc>. i- 
=>''15111 of production The coup hemorrhage occurred into the lenticular micku' 
•“'ll the contricoup hemorrhage into the external capsule 
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rdatnX' T"’ exception to this role is the 

rciatn el} laie occuirence of hemorrhage into the brain following com- 
pound comminuted depressed fractures with laceration of the brain by 
...driven f.agments of bone or foreign bodies or probably still more rare 

...stances of penetrating .sounds of the skull by a bullet or an edged 
capon ^ 


The large group of coup-conU ccoup hemorrhages may be divided into 
tu 0 subgi oxxps— adjacent or seconda>y ones, which are a part of a severe 
contusion, and centfat, or pninary, ones in which hemorrhages occur 
primarily in the centrum of the lobe Adjacent hemorrhages are to be 
grouped with the contusion of which they are an essential part, and 
t le seventy of the hemorrhage in these cases is dependent largely on the 
force of the original injury and the friability of the vessels in a given 



Fig 12 (case 32) — Traumatic hemorrhages into the right external capsule and 
the left lenticular nucleus The hemorrhage on the right has broken into the lateral 
ventricle (arrow) The line of force is indicated by the interrupted line 


brain From the standpoint of traumatic apoplexy, no further attention 
need be given this group of adjacent or secondary hemorrhages 

Of the group of central, or primary post-traumatic, cerebral hemor- 
rhages there is more to be said It has been definitely shown that this 
group of hemorrhages, hke the adjacent ones, are a manifestation of the 
coup-conii ecoup mechanism, particularly contrecoup ^ At times these 
hemorrhages are small On other occasions they are sufficiently extensi 
to assume clinical importance This is particularly true of those w ic 
occur in the frontal or the temporo-occipital region and which at mi 
seem to follow a relatively minor injury In these instances, a cr . 
latent interval, a progressively increased intracranial pressure , 

coma In this respect, a large central 
picture which resembles more or less closely that of ura 
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\\ath a luad interval, with which it may be easily confused clinically 
This interval was prolonged in 1 of our cases as long as eight to nine 
days, death occurring on the tenth day after the onginal rnmor mjur} 
There is probably some factor other than the co^Urecoup mechanism 
in these cases Otherwise it would be relatively much more common, 
comparable perhaps in frequency to the cortical contusion, which is 
found m approximately two thirds of patients coming to autopsy after 
injury of the head One possible reason for this is that the lesion is 
a deeper one and that therefore the part aflFected is less apt to be 
traumatized as a result of the force of the blow The force transmitted 
through the brain is more wndely diffused in these distant parts, which 
IS not so easih possible m the closely invested frontal fossae 

Since a number of these hemorrhages occurred in patients be} ond 
middle age, the possibility of arteriosclerosis or other vascular disease 
must also be considered It is logical to beheve that atherosclerosis may 
predispose to rupture of a vessel which w^ould otherwise be unaffected 
m a }ounger patient On the other hand, it must be admitted that a 
fair number of hemorrhages have occurred m young adult patients in 
whom no arteriosclerosis was present Whether or not hypoplasia ot 
the cerebral arteries, which is obseiw^ed in some mstances is a cause of 
hemorrhage cannot now be determined with certainty One of us 
(Counnlle) has obsen^ed tliat hypoplasia of the cerebral vessels does 
pla}’' an important part in some cases in which gross effusions of blood 
on the basis of relativety minor injuries have taken place On the other 
hand, whether this phenomenon can be imoked to account for all central 
hemorrhages in }ounger persons is only a matter of conjecture Further 
study must be given this point before a final answer can be made 

“dela\t£d traum:\tic apoplexy” 

^luch has been said in the literature about “dela} ed traumatic 
^poplex}%” a term now almost half a centur}’’ old The designation 
carries with it the idea of gross hemorrhage into the brain occurnng 
some time after an injury to the head The quesbon has important 
connotations from a medicolegal standpoint and is therefore an important 
cne to settle one w’ay or the other Since, in this study, the basis has 
been laid for an understanding of the mechanism and morbid anatomv 
ct traumatic intracerebral hemorrhage, it seems ad\nsable to take the 
^ext step and determine, if possible, whether traumatic hemorrhage into 
^he brain can be dela}ed and how long, what its predisposing lesions 
jwa} be and how this supposed entity differs, if it does differ, from 
iciuorrhage as a consequence of arteriosclerosis with or without h\'per- 
tension 
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Ihc hisloi} of this inlercsling question of delayed post-traumatic 
•apoplexy has been dmded by Duret '' into four periods, \\hich bnng 
the investigator up to the tune of publication of Duret’s monograph on 
craniocci ebral injuries in 1922 The first period begins with the intro- 
duction of the concept b} Bollinger ^ in 1891, who reported a series of 
4 cases in which the patients died suddenly viih an apoplectic hemor- 
ihagc after a period of lucidity varjing from tvelve to fifty days after 
injuF}'^ to the head In 3 of these cases a blood clot was found in tlie 
lourth ventricle, and in the fourth a hematoma was found in the white 
substance of the centrum ovale, adjacent to the lateral ventricle Boll- 
inger expressed the belief that these hemorrhages occurred in an area of 
softening provoked by the cranial shock In the next six or seven years 
a number of cases ivere reported which seemed to confirm this opinion 
In 1 in particular, the case reported by Micliel,° tlie patient died eight 
days after mjur}'- At autopsy a hemorrhage about the size of an egg 
was found in the right occipital lobe, which had ruptured into the occipital 
horn of the ventricle Tins hemorrhage was evidently the result of a 
couh ecottp lesion, the patient having sustained an injurj" to the frontal 
region 

During the second period, certain objections to the theory vere 
raised by some observers, Avho questioned whetlier such hemorrhages 
are truly traumatic Langerhans,’^ in particular, expressed the opinion 
that the hemorrhage is incident to some predisposed vascular condition, 
such as Itypoplasia, anemia or arteriosclerosis, the diseased vessel being 
ruptured by the shock of trauma 

In 1904 Bailey ® recognized three varieties of traumatic hemorrhage 
He stated that the first type occurs at the moment of injury, the rupture 
of the vessel being due to the immediate force of the injury or to 
tlie increased arterial hypertension provoked by it In the second type, 
vascular rupture is produced a little time after the injury, the exac 
mechanism of which was not possible to determine In the third typ^’ 
apoplectiform symptoms appeared a considerable time after injury, 
apparently due to thrombosis in the region of the brain traumatize 
by the accident 


4 Duret, H Traumatismes cramo-cerebraux Accidents pnniiti s, 
grandes syndromes, Pans, Felix Alcan, 1922, vol 3, pt 2, pp 833-851 

5 Bollinger, O Ueber traumatische Spatapopleme , em Beitrag 
von der Himerschiitterung, in Internationale Beitrage zur wissensc 
Medizin, Festschrift, Rudolf Virchow gewidmet zur Vollendung semes 

jahres, Berlin, A Hirschwald, 1891, vol 2, pp 457-470 tr=,umafiscbcn 

6 Michel, E Em Beitrag zur Frage von der sogenannten tra 

Spatapoplexie, Wien khn Wchnschr 9 789-793, 1896 Hirsclmald 

7 Langerhans, R Die traumatische Spatapoplexie, Berlin, A 


1903 

8 Bailey, P 


Traumatic Apoplexy, Jf Rec 66 528 1904 
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Dunng this period Lafforgue “ introduced the conception that dela) ed 
cerelalhemonhage is due to an earlier hemorrhage, or in other nords, 

a hemorrhage occurring in turn stages franimtir hem- 

In 1905 Lambert - concluded that in certain 

orrhage occurring either earty or late, the artenes , csisfotfiac 

altered b} preexisbng disease constittitmg a oats ^ 

The diseases w Inch, according to him, predispose to p 
are alcoholism, gout, arteriosclerosis and sip ns i „i., ,, the 

In the third penod, mi estigators nere concerned largdv the 

discussion of certain t)Ties of hemorrhages, als 

pontobulbar region or in the meninges ivhidi occu^e collections 

after injurj^ to tire head These lesions consisted of 
of old blood m the pons or m the subarachnoid space n^hidi ,aie 

to spnptoms se^e^al weeks or e\en months a ter t e pmnrrhaees 

inL fourth period, pnmarj^ traumatic -tracerebral hemorrhage 

little or large, nere recognized as being possible after 

extended the conception to include -^rai entricular and pon^ 

hemorrhages The microscopic investigations of von f ^^.m 

to conclude that delayed hemorrhages are the resu o 

lesions affecting the walls of the blood vessels, con^s n 

and consequent dilatations of local capillaries, in ot er no ’ ^ ' 

are small aneurisms until focal hemorrhages iiithin 

sheath or in its iLiediate inanity Hanzer -- ^^^sequently described e 

existence of small areas of softening m the 

tract of the axis of percussion It ivas then condud d *^ *ese^ 
microscopic lesions nhich folloiied injuri , altlioug si en through 

ultimately permitted a gross hemorrhagic effusion in this uanity throng 

a rupture in the ii all of tlie i essel un,^„crli rertain 

To bring the subject up to date it must be said tliat S 

basic truths have become evident m tlie passing years, Beitzkc 

confusion and uncertamt} about the whole question n Apr^ation^ 
clrcii certain conclusions ii Inch are in full accord mth our obsena ion^^ 
He stated (1) that traumatic intracerebral ^ of miuri 

the penphety of the brain and eitlier .^f^rthat if the hemorrhngc 

or on the opposite Side {coup'Conf recoup ) and t / 

9 Uftorp,. E Hemorng,., .„.ra-cran,e»n« ««,«« 

<lcu\ temp*; Bull med , Pans 18 875-878, 1904 ^^^nrnne traumatiquc 

10 Umbert. P Hemorragies cerebrates tardus dongme 

traunntischc Spatapoplcxie, Thesis, Pans, no 411, r^lurnerschuUcrutig beini 

11 ion Holder, H Pathologischc Anatom.e dcr Gelnmers 

''Icntchcn Stuttgart, J Weise, 1904 

12 Hinzer, cited h\ Duret ♦ ,„r,Act.h an dcr Lcichc ncl.n 

11 Bcitrke, H Pathologisch-anatomiscli ^la^o 

fnlcitung zum Sczieren, itunich, J F Bergmann 
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has taken place only after weeks there is the greatest doubt whether it is 
actually due to the injury ICaufmann '' emphasized the point that it is 
lare to find a traumatic hemoirliage in the basal ganglions, where 
spontaneous hemorihagcs aie so frequent 

In 1928, Naftzigcr and Jones “ reported 3 cases of “late traumatic 
apoplexy ” In 2 of the 3 the mechanism of injury was force applied 
dircctl}' to the head, the hemorrliages being m the temporal lobe beneath 
the point of injury Since in our series the hemorrhage was sustained 
when the head was in motion, it is difficult to account for these lesions 
unless pel chance some preexisting vascular lesion predisposed to rupture 
by local injuiy 

Undoubtedl}' cases will arise in which the mechanism is not clear A 
case in point is that reported by Rosenhagen,^® in which a right pre- 
central subcortical hemorrhage was found about five weeks after a direct 
injury to the right frontoparietal region Unfortunately, in many of 
these uncertain cases, other possible causes of hemorrhage are not sought 
and eliminated 

The most conclusive recent article seems to be that of Eck ” He 
cited Singer,^® who laid down certain postulates or criteria by which 
cases of presumed traumatic hemorrhages are to be judged These 
postulates are as follows 1 The injury to the head must be severe 
enough to cause definite injury to the intracranial content 2 The 
vascular system must be sound before the injury 3 Evidences of com- 
motio cerebri and its consequences must lead directly to the apoplectic 
stroke 4 Clinical objective signs of changes in the brain must be 
perfectly evident 5 The interval between the development of the 
hemorrhage and the injury should not be less than one day or greater 
than eight weeks Eck reported a case in which the condition seemed 
to answer to the description of a true post-traumatic intracerebral 
hemorrhage The case reported by Bettinger likewise seems to be a 
classic example 


14 Kaufmann, E Pathology for Students and PracUtioners, translated by 
S P Reiman, Philadelphia, P Blakiston’s Son & Co , 1929, vol 3, p 1890 

15 Naffaiger, H C, and Jones, O W, Jr Late Traumatic AP^ 
of Three Cases with Operative Recovery, California & West Med. 29.3 

Eo,»hagen, H Ueber poslkomoiobondle VarSferMen .m Gto 
zugleich ein Beitrag zur Frage der posttraumatischen Hirnblutungen, Khn 

Beitrag zur Lehre der traumaUschen Spatapoplexie, Virchows 

Arch f path Anat 284 67-S3, 1932 o t vtcrhr f d ges 

18 Singer, K Die sogenannte traumatische Spatapoplexie, Zfscbr t d g 

Neurol u Psychiat 75 127-137, 1922 y.-.u- f ri tres Neurol 

19 Bettinger, H Ueber traumatische Hirnblutung, Ztschr f d g 

u Psychtat 148 570-573, 1933 
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In summanzing the period since the appearance of Duret's discus- 
sion of the question, it seems e\udent that m many of the reported cases 
of delated traumatic apoplex}" the diagnosis was based on climcal 
evidence alone and is not to be relied on, m others, the hemorrhages 
\\ere obMously spontaneous effusions into the basal ganglions, the 
preMous trauma being merel}^ inadental, and in still others trauma 
w*as probably contributor}’', w^th some underl}ing vascular disease or 
anomal\ at fault In man} instances no serious attempt was made to 
eliminate other factors, and the case was reported as "'dela} ed traumatic 
apoplexy ” 

In conclusion, a study of the literature indicates that these alleged 
dela}ed post-traumatic hemorrhages occur not only in the centrum but 
in or about the Aentncles and in the pons as ^^ell The three theories 
vhicli have been utilized to account for the phenomenon are (1) the 
theoi*} of necrotic softening, (2) the tlieor}*’ of preexisting alterations m 
the blood \essel Mall and (3) the theor} of recurrent hemorrhage As 
for the first theor}, it is believed that trauma results in the formation 
of multiple foci of softening in the brain, particular!} in the immediate 
Ancimty of the ^entrlcular Myalls and m certain regions of the Mhite 
niatter, these foci resembling contusions of the cortex and subcortex 
In the second theor}" it is predicated that tlie mjur}" directly or indirectly 
produces changes m the Mall of the blood vessels m the form of focal 
aneur}"sms, Mhich M"ere in turn predisposed to by arteriosclerosis, s}’phihs, 
alcoholism or Bright’s disease Secondar}" alterations are presumed 
to be due to a transitor}" physiologic or acadental arterial hypertension 
'^hich traumatism exaggerated or favored by congestion of the centers 
of the brain The third theory" of delayed hemorrhage postulates a small 
priman hemorrhage m the region of the blood vessel as the direct result 
of the injur} As these initial lesions clear aM"ay, there remains a small 
residual aneur} sm, a focal area of softening or regions of capillar}" apo- 
plex\ Mhich permit the subsequent development of gross effusion of 
Wood into the brain 

lust hoM Mell all this discussion of delated traumatic apoplexy fits 
the basic principles brought out b} a stud\ of unequn ocal post-traumatic 
cerebral hemorrhages remains to be told 


Rel\tio\ of recext to del wed post-trad matic hemorrhages 

From our stud} of Mell defined and unmistakable hemorrhages into 
cerebral centrum folloMing injui^", certain deductions may be draMTi 
'^hich should be useful in e\aluating the problem of dela}ed post- 
traumatic hemorrhage 

a result of our im estigation it seems quite clear that sa mptoms of 
^ hemorrhage ma^ occur Mithin a certain inten-al after trauma Aside 
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fiom tliosc (Inc lo dncct Jacciatioii of the hram, these hemorrhages 
are csscnti.ilh coiip-conli rcoitp lesions Althougli it is not (iefinitdy 
plo^cd, it seems aci} likcl} that injuries resulting from a direct blow to 
the licad at rest will not cause a hemorrhage within the brain substance 
unless there is some sciious disease of the blood vessels Furthermore, 
It seems obMous that the delayed post-tiaumatic hemorrhages in some 
of the reported cases bear some relation m time of occurrence and loca- 
tion to those \\ Inch haA e been shoAva to be of traumatic origin Such 
hcmoi rhages are to be expected in the centrum of the frontal or temporo- 
occipital region rather than m the posterior limb of the internal capsule, 
m the Axiitiicles or m the brain stem as some have supposed One of 
us (Courville) has observed that traumatic A'^entricular hemorrhages 
haA’’e usually proAmd to be secondar}'’ to extensn^e and massiA'^e hemor- 
rhages AAuthm the centrum and are not primary in the sense of having 
their origin in paraA^entricular lesions 

The one question Avhich has not been entirel}^ established by our 
studies is that of the interA'-al between the injury and the onset of 
clinical symptoms In all of our cases in which the patients did not die 
AAithin a day or tAA^o because of the se\erity of the injury the earliest 
sjmptoms came on AWthin tAim or three daj'^s, although it must be admitted 
that a longer inten'al is possible The difficulty lies in the fact that such 
hemorrhages are initiated by the trauma and develop progressively, 
differing in this respect from the apoplectiform onset of a spontaneous 
hemorrhage consequent to arteriosclerosis and hypertension We are 
of the opinion that symptoms are likely to become manifest Avithin a 
AA^eek or ten days at the latest and that the longer this inten^al the 
less likely it is that the hemorrhage is of traumatic origin 

Although true traumatic hemorrhages do occur in elderly persons 
and arteriosclerosis per se does not seem to be a predisposing factor, 
an apoplectiform onset of symptoms AVith gross hemorrhage into the 
legion of the basal ganglions in a person Avith arteriosclerosis and 
hypertension is to be considered as spontaneous even though the patient 
may have sustained an incidental injury some time before One must 
also not be misled by minor injuries to the head in falls as a consequence 
of the “stroke ” Moreover, this and other studies have shoAvn tha 
the interval capsule is less apt to be injured by blunt trauma than any 
other part of the brain Although, to be sure, the lenticular nuc eu^ 
has rarely been the seat of a traumatic hemorrhage, the leswn is sma 
and IS insufficient to bring about the patient’s death These a 
should assist materially in distinguishing between traumatic an sp 
taneous hemorrhage 


20 These inten^als of sumval are for fatal cases No doubt 
be longer m nonfatal cases Our study furnishes no due as to hou long 


may be 
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Even m the presence ot ad\anced arteriosclerosis, se\ere injur}" to 
the head has usual!} resulted m marked contusion of tlie brain rather 
than m intracerebral hemorrhage No hemorrhages into the internal 
capsule have been obsen ed In cases of arteriosclerosis obsen ed by us 
m which secondar} and pnmar}" intracerebral hemorrhage had occurred, 
no instance of gross hemorrhage into the internal capsule or other 
portions of the basal ganghons vas observed 

In conclusion, certain deductions may be dravn from observations 
on cases of Aerified traumatic intracerebral hemorrhage A\hich are of 
Aalue in the solution of this problem Whether or not these pnnaples 
are to be digmfied as postulates, they at least rest on the solid basis of 
morbid anatomy These pnnciples regarding delayed traumatic hemor- 
rhage ma} be stated as follows 1 Hemorrhage into the brain after 
trauma ma} occur m young adults as a\ ell as in older persons 2 Except 
for less common instances of laceration of the brain by direct mjur\, 
traumatic intracerebral hemorrhage is the result of the coiip-conti ecoup 
mechanism, the injur}" being sustained A\ath the head in motion 3 Clini- 
cal swnptoms of the presence of hemorrhage usuall} become manifest 
within a few days, although the patient may sunn^e for a considerable 
time 4 The lesion is commonl} found in tlie frontal or the tempoio- 
occipital region and is relatiA^ely superficial rather than deep in the 
basal ganghons (When the ganglionic region is inAohed, as it is at 
times in injur)" to the sides of the head, the lesions are usuaUA" small 
in the lenticular nucleus or more extensn e in the external, not the 
internal, capsule ) 5 The hemorrhage ma) be pnmar}, arising AMthm 
the centrum, or secondar) to seAere contusions of the frontal or the 
temporal lobes 6 Other signs of injur} to the brain (such as con- 
tusions) are almost inA"anably present 7 The lesion is conimonh 
fatal, death being due to its presence or in part to otlier, associated 
traumatic lesions of the brain In some instances reco\erv ma) take 
place on surgical e\acuation of the clot if other seAere lesions are not 
present 

'^tliough, no doubt, exceptions to tliese rules ma} occur and atA pical 
are encountered in aaIucIi it may be difficult to make an absolute 
decision, m the great majority of instances, particular!} AAhen an oppor- 
tunitA IS giAen to examine the brain, a definite conclusion can be reached 
to AAhether the hemorrhage is truh of traimiatic ongin or is 

spontaneous 

SUAIAIARA AXD CONCLUSIONS 

In order to CAaluatc Bollinger’s conception of delaAed post-traumatic 
*^poplcxA, a studA AAas made of some 38 cases of gross hemorrhage 
nito the brain substance occurnng as the direct rcbult ot tmumi 

Except for 3 cases of gross hemorrhage resulting from direct lacera- 
tion of the brain, a traumatic hemorrhage proAcd inAiriabl\ to be a 
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typical coup~cont)ccoup cflcct of injury, m winch the head in motion 
stiuck an innnobile or lelatnely nnniobile object 

Xwo varieties of traumatic intracerebral hemorrhage are described 
The first type is adjacent, or secondary, hemorrhage which is a part 
of a contusion of the temporal and frontal lobes which provokes it 
and is of no special clinical significance The second variety is primary, 
or central, hemorrhage occurring in tlie centrum of the frontal or 
temporal lobes (rarely, in the less extensive form, in the external capsule 
and the ventricular nucleus) Central hemorrhages of the frontal and 
temporal lobes may reach such proportions as to assume clinical 
importance 

Such hemoirhages, particularly tliose occurring in the temporal or 
temporo-occipital centrum, become manifest clinically after an intend 
of lucidity or may pursue a progressive course in a patient who has 
never been rendered entirely unconscious In such cases the clinical 
course mimics closely that of interval dural hemorrhages When such 
hemorrhages are excessive, ultimate rupture into the ventncles or into 
the subdural space seems to be the rule In the latter instance these sub- 
dural accumulations of blood m3.y be mistaken for primary subdural 
hemorrhages 

Hemorrhages into the region of the basal ganglions following trauma 
apparently are limited to small hemorrhages occupying shthke cavities 
m the external capsule or to small globular hemorrhages into the globus 
palhdus (the lenticular nucleus) No example of gross hemorrhage 
into the posterior limb of the internal capsule, such as appears spon- 
taneously in cases of hypertension or arteriosclerosis, has been observed 
by us It may, therefore, be safely assumed that gross hemorrhage m 
this region is not the result of trauma, for, of all portions of the brain 
presenting evidences of injury, this particular region seems to be most 
notably free 

Arteriosclerosis in itself does not seem to play an important pa^ 
in the production of these hemorrhages, although it may have mt 
predisposing influence There seems to be no greater incidence of gross 
intracerebral hemorrhage in persons with advanced arteriosclerosis an 
associated severe injuries than in younger adults Other, rarer con 
ditions, such as hj^oplasia of the arteries or other vascular 
may play a minor role m the production of post-traumatic hemorrhag 
As far as our experience goes, syphilis seems to be of no m ue 
whatever as a predisposing factor in the production of immediac 


delayed hemorrhages anhxcd 

The basic principles by which presumed instances o 
traumatic hemorrhage are to be evaluated are briefly outlined 
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The subject of E^^l^g’s sarcoma continues to hold the interest of 
the medical profession, especially of those members ot it \\ ho see more 
than the casual patient with the disease There are se\eral reasons for 
this (1) difficulties in diagnosis, since clinically and roentgenographi- 
call} the tumor closely resembles other pathologic entities, (2) the fact 
that the cause is still obscure, (3) the fact that the mortahty rate is 
excessne, and (4) the fact that present methods of treatment are 
deplorably meffectne With these problems confronting them, ph)Si- 
aans must disseminate the a^aIlable information in an effort to reduce 
errors in diagnosis and must constantly stnve to make earlier diagnoses 
In order to accomplish these objectives, it is essential, first, that the 
phjsiaan inform himself better of the nature and behavnor of Ewings 
sarcoma and, second, that the lay public be impressed vvnth the necessit} 
of seeking early medical adv ice concerning S3Tnptoms referable especiall}’’ 
to the extremities, particularly of persons between the ages of 5 and 20 
years Finally, tlie search for an ideal method of treatment must be 
continued 

Prior to Ewing’s^ history -making announcement, m 1921, of the 
term ‘‘diffuse endothelioma of bone’^ to designate the tumor under dis 
cussion, which he beheved to be a definite entity, many articles had 
appeared m the hterature pertaining to this disease Up to that time 
it had been referred to by many writers as a small or large round 
celled sarcoma ” Gross,- m 1879, wrote a classic paper on the subject 
“Sarcoma of Long Bones ” There can be no doubt that he referred, in 
some cases at least, to Ewmg’s sarcoma when he descnbed a “central 

and subpenosteal round-celled sarcoma ” 

There are still too many errors in diagnosis to permit an accurate 
estimation of the number of cases of endothelial m}eloma from reports 
m the literature The report of the Bone Sarcoma Registr}^ for October 

at the Third International Cancer Congress, Atlantic Cm, N J, SepL 
14, 1939 ^ 1 13 u q 

1 Ewuig, J Diffuse Endothelioma of Bone, Proc. New "ior 
21 17 ^ 1921 

2 ’ Gross, S W Sarcoma of the Long Bones, Based upon a Stud> of One 
Hundred and Sixt}-Five Cases, Am J M Sc. 78 338, 1S79 
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1938 lecoidccl 236 icgistered cases Twent3^-fi\e of these were sub- 
niilted from this clinic, and an additional 3 were submitted as cases of 
Ewing’s sarcoma but \sere not so classified by the registry One of the 
3 (case 3, table 1) was unclassified, the committee suggested diagnoses 
of lymphosarcoma, m3cloma, osteomyelitis and Ewing’s tumor The 
patient died four 3 ears after admission to the clinic and eight years 
after the onset of s3nnptoms of mtercurrent infection incident to metas- 
tasis to the spine, foIIow''ed by paraplegia The second case (case 20, 
table 1) was not classified ofTiciall3'’ but the diagnosis w^as regarded as 



Fig 1 (case 10, table 1) — A, anteroposterior and lateral roentgenogTams ta^e 
May 20, 1931, showing partial destruction of the lower end of the tibia, 
of the upper end of the tumor and fungating tumor growth through 
and posterior wounds made for osteomyelitis The patient, E L , was 12 J 
age B, teleroentgenogram of the lungs taken July 10, 1939, 
after the first appearance of symptoms in the chest (over several ^ 

first admission, 5-20-31), showing a large tumor mass m the upper ngh u 


“chronic inflammation ’’ The patient died two 3fears later of an 
thehal myeloma of the jaw with metastases to the lungs 
third case (case 37, table 1) was classified as an example of os^ 
sarcoma, the opinion of the committee, howe^er, was ^ ^^etas- 
tumor regressed under roentgen therapy, but the patient die 
tasis to the head three and one-half months after admission 
IS available on 9 of the 28 cases submitted 
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There is considerable confusion among writers regarding man\ 
phases of the endothelioma group of tumors in general and of bone tumors 
m particular The endothelioma “dumping ground” has diminished to 
some extent, how e\ er especialh since Ew ing described the tumor know n 



2 (case 13 table 1) — ^Roentgenogram in the ca^^e of E C aged 12 The 
taken Dec 29, 1933, sho^\ s condensation and destruction ot tlie tibial cortex 
'^ith lipping and radiating new bone 


his name He dmded endothelioma into three U'pes (1) multiple 
^^dothehoma, (2) solitaiw angioendothehoma, and (3) diffuse endo- 
thelioma, or Ewing's sarcoma The original Sarcoma Registr\ classi- 
fication embraced onl\ U\o t\^es (1) angioendothehoma and (2 "I 
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diffuse endothelioma In the rcMsed classification of the registr} for 
1939 the aforementioned grouping \\ as not changed In a recent article, 
how e^ er, Ew mg ^ stated 

According to the present a\ailable obser\ation‘^, it seems desirable to recognize 
a special class of bone tumors arising from blood \essels witli ^anlng structure 
and degrees of malignancv as follows 

A Ca\emous angioma 

B Plexiiorm angioma (sun‘ra\ radiological Upe) 

C ^ngio-endothelioma with fine blood channels lined b\ single rows of endo- 
thelial cells 

D Diffuse endothelioma, with pseudorosettes and pcnthehal umts (Ew^ng^s 
sarcoma) 



^ — Photomicrograph of the tumor of E C (fig 2), showing a solid 
*^heet of cells The c'l'toplasm is not shown, the nuclei are small, o\*al to round 
Hnd moderately deeply stained Nucleoli and mitoses are present. X 430 

The gross appiearance of the tumor varies, of course, according to 
Its age, Its location and the character of its blood supph The sub- 
pcnobteal tumor, if examined before extensile hemorrhage and necrosis 
ha\e occurred, is firm, rubber-hke and cohered a capsule Its cut 
Surface appears moist, gra}ish white and semitranslucent, it is duided 
into lobules b} connectue tissue trabeculae and tends to well out In 
the presence of necrosis, bone l}sis and hemorrhage, on the contraiw, 
the tumor has no form and ma} closel} resemble purulent exudate This 
IS common!} observ ed in the flat bones 

Ewing, T \ Re\new of the Classification of Bone Tumors Surg, G\’nec 
^ Obst 68 971, 1939 
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Ewing has stated that when microscopic study of a tumor reveals 
cells 111 sheets without intercellular stroma, usually with small vesicular 
nuclei, the cells often enclosing small or large blood spaces which contain 
intact and apparently circulating blood, one is justified m making a 



4 (case 


tissues 


diagnosis of endothelioma The vast majority of the 

serS Mere of tins ti-pe The usual „^eratcb 

of solid, compact sheets of pohhedral cells M.th small, m 




H4MILT0\'--nU I\GS S4RCOM4 


0 / 


stained \esicular nuclei of fairh unitorm size and round or o\al shape 
The limiting membrane of the nucleus \\ as ^\ ell outlined The chromatin 
Mas fine!} granular, though chromatin knots Mere often seen It is 
impossible to state Mhether some of these chromatin knots Mere not in 
realitv nucleoli The cytoplasm Mas scarce and Mhen stained (hema- 
tOMlin and eosin) Mas neutral to acidophilic In se\eral of the specimen^ 
removed at some time after an operation for osteonn^ehtis, hoMe^e^, the 
nuclei of the cells Mere much larger and more ^eslcular and contained 
large cliromatin knots or nucleoli In case 8 (table 1), for example, the 
nuclei Mere so large that I regarded the tumor as an osteogenic sarcoma 



^ — Photomicrograph of tumor of J S Jr (fig 4), showing tumor cells 
ni the \ascular spaces between new bone spicules The circled area is shown in 
figure 6 4 x 100 

until a deaded and lasting response to roentgen therapy conMnced me 
of ni\ error Thus, it is important that the pathologist keep in mind 
the pleomorphic cliaracter of some biops} speamens, particular!}^ those 
taken after a pre\uous operation 

The origin of Em mgs sarcoma is still questionable, Mhat is knoMm 
^^g^rding its histogenesis is based on conjecture ^lelnick"* and Oberling 
^nd Raileanu haAe stated that the tumor arises from undififerentiated 

4 ^lelmck, P J Histogenesis of Ewings Sarcoma of Bone, A.m J Cancer 

3^3, 1933 
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Tig" 6 — </, photomicrograph of the circled area in figure S, showing tumor 
cells which appear to be forming a lining for the \ascular spaces X 1,000 
photomicrograph (same case) showing a solid sheet of poljhedryal cells The 
nuclei arc irregular in size and shape and are moderately deeply stained There 
IS an occasional nucleolus and mitotic figure The c 3 'toplasm is palely stained 
There is no intercellular stroma X 1,000 
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enibnonic niesenclnmal cells about the blood vessels m the haversian 
canals Connor® and E\Mng® at first behe\ed that the disease arose in 
the niarrou ca\it\ Ewing qualified his opinion, however, by stating 
that it begins in the blood \essels of the bone tissue He further 



T* ^ 17 table 1) — 4^ roentgenogram m the case of V S , aged 12 

c film, taken June 12, 1935, shows increased den<^lt^ (probabh the earliest 
roentgen change to Ewing’s sarcoma) of the right calcaneus B, roentgenogram 
^ on on August 26, showing a destructi\e osteom^cIltls-like lesion of the right 

oalcaneu'^ 


0 Connor C L Endothelial :N^eloma, Ewing Report ot Fiitj-Four Ca<^es 
'“ch Surg 12 789 (April) 1926, A Further Consideration ot Ewings Sarcoma 
T Cancer 22 41, 1934 

(Footnotes contiuxud on text {'anc) 



Fjg 8 (case 23, table 1 ) — /, roentgenogram in the ease of J S , aged 21 
The film, taken Sept 3, 1937, shows condensation of tlie cortev of tlie middle 
third of the left tibia B, roentgenogram in the same case, showing the speanien 
after the soft tissues had been rcmo\cd The tumor is attached to the tibia 
Note also a cordlikc growth of the tumor which follow^ed the course of the tibial 
tendon to ankle 

6 Ewing, J Further Report on Endothelial Myeloma of Bone, Proc 
York Path Soc 24 93, 1924, Endothelioma, m Neoplastic Diseases, ed 3, Phila- 
delphia, W B Saunders Company, 1928, p 328, footnotes 1 and 3 
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(cases 17 and 18, table 1) Malignant cells lia\e been obsened, appar- 
ent!} lining the spaces Geschickter and Copeland " also concluded that 
the growth anses from l}mphatic endothelium but attnbuted to it an 
intracortical or subpenosteal ongin, while Kolodny ® regarded the tumor 
as de^ eloping from the coalescence of multiple foci in the medulla and 
cortex That Ewings sarcoma may be of multiple origin has not been 
dispro\ed Indeed, Ewing himself stated ‘Tt is difficult to determme 
whether the multiple tumors which are found, as indicated by clinical 
signs and radiographs, are metastases or multiple pnman tumors I 
ha\e been unable to reach an\ conclusion, but the very extensive dis- 
tnbution of tumors in the late stages and the comparatne integrit} of 
the other organs lead one to think that the dissemination of the disease 
IS mainly from multiple primar} tumors de\ eloping tliroughout the bon} 
s}stem” The tumor m case 26 (table 1) appeared to be of a multiple 
medullocortical ongin The first roentgenogram, made four months 
after pain w^as first expenenced in the knee, re\ealed a worm-eaten 
appearance of the lower femoral nietaph}sis with extension to the 
epiph}sis The patient was 47 }ears old An amputation was earned 
out through the upper tlurd of the right thigh, far above an} climcal or 
roentgen endence of the tumor m tlie lower third To ni} surprise, 
tumor cells w ere found in the marrow ca^ it} , w ithin 1 cm of tlie distal 
amputated end A course of roentgen therap} was immediately begun 
and was followed by disarticulation at the hip joint The patient died of 
metastases to the opposite femur and elsew here five and one-half months 
after the first amputation 

Cohnlle and Wilhs ° expressed the opinion that man} of the growths 
dassified as Ewnng's sarcomas would, on careful investigation, prove 
to be metastases from neuroblastomas Hirsch and R} erson stated 
the belief that Ewing's tumor has been confused wnth metastatic bron- 
chogemc carcinoma of bone These opinions ma} have some truth in 
them Postmortem examination m 1 of my cases (case 15) re\ealed 
tumor tissue in the left adrenal gland My associates and I do not 
believe, how ever, tliat this tumor arose in the adrenal gland , our reasons 
for this opinion were explained in a report of the case Furthermore, 

7 Geschickter, C F, and Copeland, jM M Tumors of Bone, ecL 2, >^e\\ 
American Journal of Cancer, 1936 

8 Kolodnj, A Bone Sarcoma The Primary ^lalignant Tumors of Bone 
and the Giant-Cell Tumor, Surg , G^Tlec. S. Obst. (supp 1) 44 1 1927 

9 Cohnlle, H C , and Wilhs, R. A. Neuroblastoma Metastases in Bone, 
''ith a Criticism of Evnng’s Endothelioma, Am T Path 9 421, 1933 

10 Hirsch, E F, and R} erson, E W I^Ietastases of the Bone in Pnmar> 
Carcinoma of the Lung, Arch Surg 16 1 (Jam, pt 1) 1928 

11 Campbell, W C, and Hamilton, J F Endothelial Mjeloma Case 
^port wnth NecropQ\, J Bone & Joint Surg 20 1019 1938 
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POStmoilem icpous have been made of Ewing’s sarcoma 
ithout mvolvenient of the adrenal glands to permit any question of 
he existence of this tumor Studies of many microscopic sectons made 
from blochs of tumor in cases 11, 13, Ifi, 17, 23 and 24 (table 1) inclme 
one to believe that the tuiiior aiises m the perivascular lymph vessels, 
piovidcd, of course, that it has a single primary ongm 



Fig 9 (case 24, table 1) — Roentgenogram in the case of J W , aged 4 years 
The film, taken Sept IS, 1937, shows a fusiform tumor of the right tibia wd ' 
lipping and marked perpendicular stnation of reactive bone The general out me 
of the tibia is well preserved 


In this connection, Gesclnckter and Copeland referred to Ewings 
sarcoma of the soft parts adjacent to the periosteum I have observe 
2 cases of fibrosarcoma arising from the soft tissues of the thigh m 
which the cytologic picture closely resembled that of endothelial mjC' 
loma These cases are not included in the group reponed 


Fig 10 (case 26, table l)—4, roentgenogram in the case of W F , aged 47 
The film, taken Jan 7, 1938, shows a mottled destructi\e lesion of the medulla 
and cortical portions of the lower third of the right femur without periosteal 


reaction 5, roentgenogram (same case) taken January 31, shows slightl\ more 
destruction of bone than is observed in 4 



^oi ^^~'Plictomicrograph of the tumor of ^\ F (fig 10), re\ealing a 
^ ^hcet of tumor cells The nuclei are round to ovnl, fairh uniiorm in size 
modcratcK deeph stained The cv'toplasm is not \ i^^ible Mitoses are present, 
"''fc K no intercellular stroma X 430 
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The cause of E\\ mg s sarcoma, like its site of origin, is unknown In 
niy opinion, the theoiy of cmbr3'ogcnic disturbance, whether chemical 
or hoimonal, is as well founded as tlie theories of an infectious or 
traumatic cause 

The diagnosis must rest on a carefully taken history, attention being 
given to details, and on the physical, roentgen and pathologic findings 
Ever}'’ patient should be closely studied with the following signs and 
symptoms m mind 

Intermittent attacks of pain, with or without swelling and fever, in 
a flat bone or in the shaft of a long bone, lasting in the beginning only a 
few days to a week or two, with the intervals between attacks gradually 
becoming shorter until the patient is forced to seek medical advice, are 
highly suggestive of Ewing’s sarcoma Especially is this true of persons 
less than 20 3'ears of age During the remissions the patient may feel 
entirely well and may have normal use of the affected part The growth 
of the tumor may be so insidious that advanced changes may be observed 
111 tlie first roentgenogram of the bone Indeed, a pathologic fracture 
ma}'’ take place before the patient comes for roentgen study A case m 
point was case 15 (table 1) 

The pain may be explained on the basis of intraosseous or sub- 
penosteal pressure from growth of the tumor or from hemorrhage 
I have found no suggestion in the literature of the probability that 
hemorrhage may be responsible for the pain This, however, is quite 
likely, particularly in the acute attacks of the early stages Moreover, 
hemorrhage may well cause the fever and leukocytosis The patients 
have no fever or leukocytosis during the painless intervals of the clinical 
course, even though the tumor continues growing, whereas a leukocyte 
count of from 12,000 to 15,000 per cubic millimeter may be found during 
an attack of acute pain and fever Leukocytosis with little, if any, 
alteration in the differential blood count may be of some significance 
Such a blood picture has been observed, though in too few patients to 
permit any conclusion This type of hemogram is not consistent with 
the infectious theory of histogenesis 

All of our patients had a negative Wassermann reaction No Bence 
Jones bodies were found m any of the urinalyses 

Loss of weight and appetite are late manifestations of the dis 
ease The pulse rate is believed to be accelerated so long as growth 0 
the tumor is active This has proved a valuable prognostic sign in m) 
•experience, leading me to suspect concealed metastases, especially m 
patients who return for observation after initial therapy If the tumor 
is in the shaft of a long bone, a firm, fixed tender mass may 
not be palpable , soft tissue reaction and sn elling may obscure ten 




Fig 12 (case 28, table 1) — Roentgenogram in the case of M H , aged 30 
The right femur (Dec 28 1938) re\eals condensation, destruction and spicules of 
reactne bone 



^^“~Fhotomicrograph of tumor of M H (fig 12) re\eals solid sheets of 
round cells dmded into lobules b} fibrous connecti\e tissue trabeculae, 
nuclei are small, round to o\'al and fairh uniform in size, C^'toplasm is 
^ '''isible Mitoses are present There is no intercellular stroma X 430 
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01 only a questionable thickening- of tlie shaft itself may be found Fever 
IS usually detected at the site of the tumor, and the superficial veins 
may be dilated and visible 

Roentgenograms are indispensable diagnostic agents Condensation 
IS the eaihest roentgen evidence of Ewing’s sarcoma, the involved bone 
reacts violently to the invasion of the disease process Tins is a strong 
point in favor of a subperiosteal or intracortical rather than a medullar)' 
oiigin of the growth Cases 8, 11, 13 and 23 (table 1) illustrate this 
compensatory bone reaction In case 23 thickening and condensation 
were revealed by the roentgenogram, and on pathologic stud)'- of the 
entire circumference of the shaft of the tibia at the level of a small, 
elliptic subperiosteal tumor the marrow cavity was filled mth a similar 
bone reaction This reaction on the part of bone not onl) to Ewwg’s 
saicoma but to other diseases, which makes diagnosis all the more con- 
tusing, has been known for years but was reemphasized bv CampbelP* 
as being especially apparent m young patients with this disease He 
called attention to the three stages of osseous change manifested by the 
tumor in the roentgenogram (1) condensation, (2) invasion, expan- 
sion, striation and destruction, and (3) disintegration of all bony struc- 
ture and invasion of the soft tissues This is probably the order of 
development of the groivth in young bone A number of years may be 
required for completion of the evolutionary pathologic process, or it 
may be completed within a few weeks to a few months 

I believe, wuth others, that the Ewing tumor cell has no part in the 
formation of bone Connor, “ however, stated that the parent cell of the 
tumor may differentiate into an osteoblast Lipping (onion peel), so 
commonly seen near the junction of diseased and healthy bone in the fate 
stage, is the remains of the parallel layers of reactive bone laid down 
at the time of invasion and expansion of the cortical and subcortical 
zones by the tumor This is w'ell illustrated m cases 1, 2, 6 and 10 
(table 1) Radiating spicules of reactive bone lying perpendicular to 
the shaft, such as were found m cases 16 and 24 (table 1), arc not 
uncommonly seen 

Some authors advocate the use of the therapeutic test by means o 
roentgen therapy to establish a diagnosis, regression of the tumor being 
highly suggestive of Ewung’s sarcoma One can imagine serious objcc^ 
tions to this piactice as a routine measure If, how'ever, one knew t la 
taking a biopsy specimen would subject the patient to undue ris o 
metastatic spread and the technic of roentgen therapy 
the therapeutic test might be justified, although scientific knouic 

12 CampbeU, W C Endothelial Mjcloma, T Bone &. Joint Surg /dl 
1934 
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\\ ould suffer irreparabh The danger of spread of the tumor as a result 
ot remo\al of a biops} specimen is debatable Some of the most eminent 
authonties fro\\n on the procedure There ma} be a few medical 
centers herein opinion is sufficienth expert to diagnose and treat this 
disease m ithout resorting to biops\ , but to endorse such a plan for gen- 
eral adoption ^^ould be hazardous The time has not come A\hen one 
ma) safeh adMse the sacrifice of a limb for a bone tumor \\hich presents 
as man) diagnostic pitfalls as Ewing's sarcoma without first ha^nng 
microscopic confirmation Furthermore, the taking of blops^ specimens 
particularh from this tumor, has not been proAcd, so far as I know, to be 
condume to metastasis McLean and Sugiura performed ""needle 
biopsies" of a number of rat carcinomas and mouse sarcomas and in 
some of the animals macerated the tumor w ith the needle There w as 
no increase of metastases o^er those observed in a control group 

Colnlle and Wilhs ° expressed the opinion that a diagnosis ot Ew ing s 
sarcoma cannot be made b) microscopic sections alone Attempts to 
make a diagnosis from biopS) material are indeed exceeding!) hazardous 
This IS true especiall) if the tissue is remo\ed in small particles, if 
necrosis is present or if only the margin (edematous em elope) of the 
tumor IS excised If the biops) speamen is taken from the edematous 
tissue adjacent to a subperiosteal elliptic tj’pe of tumor, for example a 
few scattered tumor cells w ith more or less flattened nuclei, endothelial 
cells and l)mphoc)i:es ma) be found Such a picture ma'v be easih 
confused wnth inflammation An unquestionable block ot tumor tissue 
should be exased if the surgeon expects a rapid section diagnosis 

Ewing's sarcoma must be differentiated from (1) inflammation, (2) 
osteogenic sarcoma, (3) lymphosarcoma, (4) Hodgkin's disease and 
(5) retinoblastoma 

The roentgen appearance of the sclerosing osteom)ehtis ot Garre 
ma\ be idenbcal wuth that of Ewnng's sarcoma The presence ot fe\ er and 
changes in the blood and the fact that roentgen therap) ma\ relie\e pain 
are common to both Biops) and cultures w ill determine the diagnosis 
S\philitic infection of the bone may produce the roentgen picture 
nt Ew ing s sarcoma , the lesions of the former, how e^ er, are often 
niultiple in the tibia claAucle and sternum The age incidence of s) philis 
IS usuall) be\ ond 30 a ears The complement fixation test wnll differ- 
entiate the two conditions If the reaction to the Wassermann test is 
positne and tliere is still doubt that tlie bone lesion is syphilitic, one 
should w ait for the tlierapeutic test before taking a speamen for biops) 
Osteogenic sarcoma is rare!) seen in the shaft of the long bones Its 
Usual site is in the metaphysis from which it tends to imade the 

^IcLean J, and Sugiura, KL Dees ^‘^piration Biop«;% oi Tumors Cau^^c 
'1^1‘^tant Metastasis’ T Lab Gin Med 22 1254 1937 
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epiphysis The production of bone by the tumor is often obvious In 
addition, the cortex is obliterated early m the course of the disease 
The tumor, moreover, does not regress under roentgj’en or radium 
therapy Recurrent pain and fever are uncommon, and the duration 
of symptoms usually is shorter Microscopic examination seldom should 
offer any difficulty in the diagnosis 

Primary invasion of bone by lymphosarcoma is rare The lesions 
are likely to be multiple Periosteal reaction takes place late, if at all, 
considering the degree of bone destruction Biopsj'^ is the determining 
factor 


Hodgkin’s disease must be distinguished from Ewing’s sarcoma by 
microscopic examination 

Retinoblastoma may resemble Ewing’s sarcoma chnically, roent- 
genographically and microscopically It is exceedingly difficult, if not 
impossible, to differentiate the two conditions microscopically The 
finding of true rosettes in retinoblastoma, although not always possible, 
especially in bone lesions, is a material aid, one must remember, how- 
ever, that pseudorosettes may sometimes be found in Ewing’s sarcoma 
We have observed 2 patients with retinoblastoma within the past year 
In both, the right eye had been enucleated approximately nine months 
before metastases appeared in the right ulna and the right scapula, 
respectively The material from one of these tumors was reviewed by a 
distinguished pathologist in a large medical center, who made a diagnosis 
of Ewing’s sarcoma A portion of the same biopsy specimen was sent 
to the United States Army Medical Museum, where the eye had been 
sent nine months previously , the diagnosis from the museum was retino- 
blastoma with metastasis to the ulna Both patients lived only a few 
months 

The prognosis in cases of Ewing’s sarcoma, as in those of other 
mahgnant tumors, must be guarded Experience would seem to indicate 
that the expression “a five year cure” is erroneous , to speak of "a ten 
year cure” probably would be more accurate Cures usually are reported 
m 7 5 to 15 per cent of cases Three, or 10 per cent, of my 28 patients 
whose cases were registered have lived five years or longer without a 


recurrence 

There is no known single or combined specific cure for the disease 
Administration of Coley’s toxins has been defended through the years 
bv Coley and others “ as a valuable therapeutic measure Irradiation 
with roentgen rays and radium, followed by radical operation at the firs 


tA Pnlev W B Endothelial Myeloma or Ewing’s Sarcoma, 

IR fi27 193l" Endothelial Myeloma, or Ewing’s Sarcoma, Tr South S A 
1931 , Endothelial Myeloma. Am J Surg 27 7, 1935 
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endence of a return of actmt} of the tumor, has been proposed b} 
E^MHg Others feel that radical operation follo^^ed by irradiation is the 
procedure of choice, and according to statistics this is the most successful 
regimen That endothelial nneloma regresses after irradiation is ^\ell 
knoum, but the clinical behavior of the tumor and tlie postmortem 
observations support the contention that irradiation alone is not curative 
The clinical course and microscopic observations m case 15 (table 1) 
v\ould seem to lend strength to this opinion The patient in this case 
received a total of 15,900 roentgen units On subsequent examination 
of the resected humerus, viable tumor cells v\ere revealed in the marrow 
cavit) Groups of two or three suggestive-looking cells were scattered 
through the sections made from the soft tissue at the time of opera- 
tion, that these were tumor cells was evidenced by the recurrence of 
the tumor about the fibular graft Brunschw ig recentl} denied that 
Ewing^s tumor cells are radiosensitive, since the} are not entirelv 
destro} ed 

Geschickter and Copeland reported on 2 of a group of 30 patients 
Imng fiv e V ears after treatment by irradiation, alone or vv ith exploration , 
3 of a total of 29 patients liv mg five} ears after resection or amputation 
without irradiation, and 3 of 18 vv^ho w ere vv ell fiv'e } ears after resection 
or amputation and irradiation In a recent personal communication to 
me, Dr Bowman C Crow ell, of the Bone Sarcoma Registry, stated that 
of the 236 registered patients with Ew mg’s sarcoma 14 hav e hv ed from 
fi^e to tvvent}-one }ears after treatment These were among a group 
of 164 who were treated five or more }ears ago Thirteen of the 14 
patients were subjected to operation Eight underwent amputations, 
m 3 the tumor was excised Tw^'O were treated by resection and 
^bsequent roentgen irradiation Of the 8 vv ho underw ent amputations 
0 received Coley’s toxins in addition, and 6, irradiation Five of the 
S had undergone one or more surgical procedures pnor to amputation 
One of the 14 receiv ed roentgen tlierap} and Coley’s toxins, without am 
operation other than removal of a biopsy specimen One patient died 
of an unknovvm cause sev^en and one-half } ears after treatment 

Since 1920, 36 patients hav e been admitted to tins clmic w ith a diag- 
nosis of Ewing’s sarcoma Another case has been added from the 
records of the John Gaston Hospital, maknng a total of 37 cases 
(table 1) Of the 36 cases from the clinic, 16 (cases 1, 2, 4, 5, 6, /, 8, 
11, 12, 14, 32, 33, 34 and 35), as well as 1 other not included 
tins sene s, were reported b} Campbell m 1934 

^•9 !.^^^runsch\\ ig, A Radioresistant Ewing’s Sarcoma of Bone, Radiology 
328 , 1936 
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Some of the necessar^^ data are lacking' for making a definite diag- 
nosis in 8 of the 37 cases listed in table 1, though the data available are 
sufificient to justify inclusion of these as probable Ewing’s tumors For 
analytic purposes, however, I am considering an analysis of only the 
29 patients in whose cases biopsy material is available in addition to all 
other necessary data 

It is an interesting fact (table 2) that 15 (517 per cent) of the 29 
patients were between 11 and 21 years of age, 19 (65 5 per cent), under 
21 years of age, and 24 (82 7 per cent) under 31 years of age Only 5 


Table 2 — Age and Sex lucidencc of Eiving^s Sarcoma 
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ilium, 3 instances (103 per cent), nb, 3 instances (10 3 per cent), 
humerus and mandible, 2 instances each (6 9 per cent) and fibula, pubis, 
calcaneus and sacrum, 1 instance each (3 4 per cent) Of the 11 tumors 
of the tibia, 7 \\ere m the middle third and 2 each in the upper and 
lo^^e^ thirds One of the tumors of the femur A\as in the middle third, 
and 2 each ere m the upper and lo^^ er thirds Tlie 2 m the humerus 
^^e^e in the middle and upper thirds The fibular tumor ^^as in tlie 
lower third 

Fne patients (cases 2, S, 10, 13 and 28, table 1) of the 21 with a 
positive diagnosis of Ewing’s sarcoma and 1 (case 35, table 1) of the 
group of 8 with a probable diagnosis of Ewing’s sarcoma are In mg 
The patient m case 2 when last heard from (1935) had h'sed nine \ears 
after amputation The patient in case 8, who received irradiation and 
Cole\ ’s toxins, w as also In ing nine } ears later This case is most inter- 
^ting Dnll holes had been made into the tibia for osteom} ehtis three 
months before the patient’s admission to this dime The symptoms 
returned After admission a trap door was made m the tibia, for the 
same condition Because of the pleomorphism and large cells obsen^ed 
in the blops^ specimen, I reported the presence of sarcoma, probabh 
osteogenic Since this was difficult for the surgeon to behe^e, two 
other biopsies were performed The first of these specimens contained 
tumor cells, while the second contained none 

The pahent in case 10 has lived eight }ears after amputation and 
treatment with roentgen rays and Coley’s toxins One 3 ’'ear ago, how- 
^^er, se^en }ears after operation, s}Tnptoms referable to the chest 
appeared The roentgenogram disdosed a nght pleural effusion and 
nietastasis to the nght lung Irradiation is now bemg admimstered 
The pabent in case 13 w^as hving six }ears after amputabon The 
operabon A\as both preceded and followed by irradiabon, and, m addi- 
hon. Cole} ’s toxins w ere gl^ en postoperabvel} Only nme months 
ha\e elapsed since the pabent in case 28 underwent an amputation 
Roentgen and radium irradiation were carried out preMOush The 
Patient in case 35 of the group with probable Ewing’s tumors is sbll 
liMng and states that she is w ell, se\ en and one-half } ears after admis- 
s^on and treatment b} roentgen ra}s alone 

CONCLUSIONS 

1 I behe\e that Ewnng’s sarcoma is a definite enbt} and that it is 
^ital interest to the medical profession for the following reasons 
diagnosis is difficult, since dinicall\ and roentgenographicalh the 
tunior closeh resembles other pathologic entities {b) the cause is 
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obsciue, {c) the mortality rate is excessive, and (d) present methods 
of treatment aie deplorably ineffective 

2 There are several theories of the origin of Ewing’s sarcoma It is 
not impossible that the disease may have a multiple primarj'’ origin 

3 The cause of the tumor is unknown 

4 The gross and microscopic appearances of the tumor are vanable 

5 The high incidence of the disease in persons betw^een the ages of 
5 and 20 years is noteworthy 

6 A careful histor}'’, physical examination and roentgen study are 
of first importance in the diagnosis 

7 The diagnosis must rest on correlation of all available data 
Microscopic confirmation of the clinical and roentgen findings is essen- 
tial, especially prior to radical operation 

8 Because of the similarity of Ewing’s sarcoma to other pathologic 
entities, a differential diagnosis is often difficult 

9 One should recognize the osseous changes characteristic of differ- 
ent stages of the disease, as shown in the roentgenogram 

10 Properly selected biops}’’ matenal is necessary to a dependable 
microscopic diagnosis Errors may easily occur from ill chosen matenal 

11 The prognosis must be guarded, even after five 3'ears 

12 No specific treatment is known to be curative Evidence seems 
to indicate that radical operation followed by irradiation offers the most 
hopeful prospect for life 

Dr J G McFetndge, associate pathologist, ga\e valuable assistance m the 
preparation of this paper 



CATGUT SUTURES AND LIGATURES 

GREATER EFFICACV ACHIE\ED THROUGH OBSERVANCE 
OF CERTAIN DETAILS 


CARUS F HORINE, MD 

BALTIMORE 

Good surgery ts largely a matter of paying particular attention to little 
details *' — T Finne\ 

Through the centuries it has been know n that tw isted fibers are strong 
e^en though mdnidualh their component parts resist little tension 
Notwithstanding, little attention has been paid to the matter ot the twist 
Jn catgut suture material as it ma} affect the tensile strength and absorp- 
tion of the strand and the rehabilit} of the knot It ma}’’ safeh be admited 
that some important and effective details m the practical use ot catgut 
sutures and ligatures haAe been entirel} overlooked It is also to be 
admitted that surgeons have been ratlier careless m their use of catgut, 
and no doubt reckless with the truth m charging certain failures 
inadv ertently to fault} matenal rather than to improper application 
The purpose of this arbcle is to show how the twnst and its v anations 
alter the tensile strength, the absorption of the strand and the 
reliabilit} of knots A prehminar}’’ presentation and revnev\ of the sub- 
ject are given in another publication ^ 


EXPERiaiextAL DEAIONSTRATION of RELATION OF THE TW 1ST 
TO FRICTIONAL VALUES AND THE STRENGTH 


OF THE KNOT 


In a simple experiment one ma} take a smooth, straight strand of 
^^tgut and carefully apply a large right hand thrown (w ithout acute bends 
^ twists) to form a knot on the strand When the two free ends are 
^''n taut, the loop graduall} slides toward the nght There is httle 
no tendency for a loop made vvnth a left hand throw to proceed to the 
^Sht when tlie maneuver is earned out under similar conditions 
It one applies single right and left hand tlirow s to a strand of non- 
I able (Iwdrous) catgut and makes sufficient tension to break the 
^ot, the nght hand knot breaks first in the large majont} of instances, 
^0 table \'anous results are found w hen the test is applied 

^tie anlw drous, or boilable, suture material \’^ariations of frictional 

r ^ C F Some Ph^slcal Factors Regarding Catgut Ligatures and 

Knots, to be published 
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values in the wet and dry strands liaie been clearly demonstrated ni 
the valuable work reported recently by Ta>lor ^ 

The tying of a knot, after all, is a matter of increasing the twist in 
the knot made with a right hand throw and decreasing the twist in the 
left hand knot, if the action is applied to the conventionally spun (clock- 

Tcsfs on Siicnglh of Knots ^ 


No 1 Chromic, 

(W Plain Cnt^t 10 to 20 Day 

Straight pull testa for eofltrol OOlf 12 09 

Single right throw Lnots 3 25 6^ 

Single left throw Imots 3 63 S 60 

Single right throw linots over glass rod 6 65 U 71 

Single left throw Xnots over glass rod 5 64 10 S5 


* The tests were made on catgut of three popular brands which had been bought on the 
open market The results represent the averages (combined) of many bundred loiots which 
bad been broken The proportional differences In the various knots coinpared well in the 
three different brands 

f All the figures represent pounds (1 Ib = 453 69 Gm ) 



Fig 1 — L shows a knot made by a left hand throw and R a knot made by a 
light hand throw In L the horizontal axis forms an angle of approximately 
degrees, as shown by the arrow, in R the horizontal axis forms an angle o 
approximately 45 degrees 

wise) hydrous, or nonboilable, material However, other physical factors 
influence the degree and character of the torsion The horizontal axis 
of the loop made with a right hand throw forms an angle of 
raately 45 degrees, this angle decreases, as the loop is drawn to no 
formation The horizontal axis of the left hand loop forms an ai^ e 
approximately 135 degrees, this angle increases as the loop is rawm 
taut to form the knot (fig 1) Variations of the vertical axes o 
loops are also to be noted . 

Tension applied to the strands m the tightening of the loop 
formation reduces the areas of frictional surfaces, and the knots r 
at the comergmg points of tension and friction In the 
a right hand throw there is a shearing of the strand quite 
to its long dimension at the point of acute angulation i i 

2 Ta}lor, F W Surgical Knots, Ann Surg 107 458, 1938 
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tion m the reduction of this loop to the ‘‘breaking knot’’ allous it to 
dmde before the knot formed b} the left hand throM in the test of the 
nonboilable, or h}drous catgut The test of the right hand knot ^^lth 
its acute t\\ ist and subsequent fracture of the strands demonstrated the 
clinical phenomenon m 'which small bits of tissue are tied under apparent 
low tension Too frequent!} tlie surgeon has quickly and erroneousl} 
concluded that this is due to defectne material, when actual tests would 
Ime shown eMdence of adequate tensile strengtli “on the straight pull ” 
When one makes similar experiments by t}'ing single nght and left 
hand throws o\er a gFass rod approximate!} ^ inch (0 6 cm) in 
diameter, greater resistance to tension occurs in the ng:ht hand loop than 
in the left hand one, proMdmg the various crossed strands are drawn 
m their respectue normal planes and angles Furthermore, considerabl} 
more tension is withstood in these tests than in the experiments pre'VJ- 
oush descnbed , this difference is shown m the accompam ing table 

CLINICAL APPLICATION 

The Aaned and contro\erted figures gnnng results ot experiments 
on tlie use of catgut suture material are due to sanations m method 
of preparation and m manner of experimentation as w ell as to careless- 
ness or indifference in clinical procedure While there is no intent in 
this paper to continue the old discussion of the relatne merits of cat- 
gut as compared wnth other suture substances, it ma} be said that it 
IS rather remarkable that through }ears of contro\ers} catgut has 
retained much popularity and w ithstood mam erroneous criticisms 
of bad results 

A fair appraisal of catgut as suture matenal wnll be made alter the 
uiatenal has been tried under more exacting practical conditions Only 
^tter such tnal can answers be given to the following questions What 
the effect of torsional variations on tensile strengtli ^ hat is the 
effect of torsional sanations on the absorption of the strand’ How 
should the torsional \ariations be respected in tlie methods ot applica- 
tion ot sutures and knots? 

Adequate tensile strength is gi'\ en in the materials now produced 
' the reliable manufacturers In the ultimate anal} sis, tensile strength 
oither on the straight pull or in knot tests is not the all important point 
^ be considered in the case of nonboilable catgut suture or hgature 
he relationship of moisture to torsional sanations in the strand needs 
further consideration for the producbon of more reliable material This 
'^'ill be discussed m a future communication 

In the Simple tests of single right and left hand knots on the same 
-trand, the strand torsion is increased in the knot formed b} the right 
throw and decreased in that formed b} the left hand throw There- 
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fore It may be expected that the loss of tuist m the left hand knot should 
cause It to break before the right hand knot However, with the same 
amount of tension applied to the two, the lesser friction on the component 
parts of the knot made by the right hand throw allows that knot to 
be drawn tighter, resulting in shearing of the strand Surgeons should 
be mindful of these facts when small bits of tissue are tied, especially 
when tlie smaller materials are being used 

One of the most important factors in the general problem is the 
relationship of the twist to the hydrolysis apd the absorption of the 
strand The loss of the twist exposes more surfaces of the material to 
the effect of tissue juices or other agents This was demonstrated m 
a previous paper Sutures and knots should be so placed that the twist 
and the tensile strength are preserved The consensus is that the square, 
or reef, knot is the best one According to Taylor, triple throw 
square knots, tied flat, are the most rehable for catgut No doubt 
many clinical observations substantiate this opinion 



L R 


Fig 2 — ^Right and left hand throws producing the two forms of square, or ree , 
knots L shows a square knot which is formed by using the left hand throw 
(counterclockwise, opposite to the twist in the material) as the original 
R shows the square knot which is made by using the right hand throw ° ^ 
wise, the same direction as the twist) as the original one. The knot shown m 
is the best type, and it should be used consistently in catgut ligatures r’P 
throws are more reliable, and in each type of knot the third throw shoul o 
reverse of the throw forming the second loop 

The Two Forms of Square Knots — It is to be recognized that 
or reef, knots may be tied m two different forms with regard to ^ 

in the suture material (1) In one form, the first throw o 
knot IS made to the right, the same direction as that of the twist m 
conventionally spun material , while the second throw is made to ^ 
or counterclockwise, opposite to the direction of the twist, an i 
throws are used, the third and final one should be applied m t le r^ 
direction, (2) the second form is made by a reversal of the 
all the throws just mentioned, a left hand throw being the i 

(fig 2) 
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The first form, originating ^Mtll the right hand thro^^, is the more 
efficient, and particularly so m the use of h}drous, or nonboilable, 
matenal of ^anable ^\ater content, torsion and fnction coefficient ^^'hlle 
it must be remembered that m the tying of tissues of smaller diameters, 
the loop made b}" the nght hand, or original, tlirow m this first typt of 
knot breaks more easih (especially m the smaller sizes of catgut) than 
that made b^ the left thro\\, ne^ertheless b^ careful use the required 
tension is obtained Mith minimum injur} to the strand Increased torsion 
rather than separation of fibers results Strangulation of tissues and 
shearing of the strand are effected under extreme tension At the 
same time, insufficient tension \Mthm the suture loop and fracture of 
the strands occur if tlie strands are tied in exaggerated horizontal and 
angulated positions This original throw of the knot is the most 
important one, and sufficient tension can be obtained AMtliin the suture 
loop Mhen ^^et catgut is used, ^Mth less likelihood of "‘slipping'* ^\hile 
the second throw is being applied The Llocla\nse rotation of the strand 
in the right hand simultaneous ^Mth the coimterclockw'ise rotation of 
the strand in the left hand during tlie act of tymg this particular tlirow , 
^ pointed out in the other article, alread}^ mentioned, gi\ es better results 
if the catgut is large and hea\nl} saturated with moisture 

The second, or left hand (counterclockAMse), tlirow completes the 
knot The second loop is drawm flat wnth sufficient tension to lock 
the first one, and it is important, as already emphasized, tliat the strands 
should be drawn with the horizontal axis of the loop in an angle of 
approximately 135 degrees In view of the fact that tlie direction of 
this throw is opposite to tlie torsional direction in the strand, one can 
close the loop witli less tension by increasing the counterclockwise 
rotation of the crossed strands as the} are being drawn taut However, 
this IS not to be recommended unless one is quite sure that the first 
throw has remained securel} tied Otherwise, if this imwound portion 
slides re\erselv through to become the areas adjacent to the knot, prema- 
ture absorption occurs at these sites because of this loss of twnst 
Increased cIock\\ ise rotation of tlie strands during the act of t}ing a left 
l^and throw increases the difficulty of t}ing the knot securel^ 

The tliird, and final, thrown of the knot is earned out as desenbed 
*n the paragraph on the onginal nght hand throw 

f erf leal and Horizontal Rotations oj Knots and Sutures Surgeons, 
pathologists particular!} , may have noted at autops} that few square 
ots pre\ loush tied flat remain m this state A partial explanation of 
^ ma\ be gamed b} consideration of tlie rotation of the knot proper 
^nd the rotation of the suspended loop portion of the suture Pressure 
ue to absorption of moisture causes the matenal to rotate in the counter- 
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clockwise direction in its attempt to straighten A suspended loop of a 
sutuie under slight tension may not offer enough resistance to this 
pressuie If this occurs m a knot in which the original loop has been 
tied with a left hand throw, one can readily understand how the knot 
may slip from the flat condition (fig 3) The slipping is more apt to 
happen rvhen the suspended loop of this particular knotted suture is so 
placed m the tissues that its horizontal axis is subjected to cloclnvise 
lotation Likewise, counterclockwise axial rotation of the loop m a 
suture knotted by a right hand throw causes it to slip from the flat state 



Fig 3 — A left hand square knot, showing how the suspended loop in this ppe 
of knot can slip from the flat state If tension or pull on the suspended loop is 
directed to the right, the knot easily slips from the flat condition i* 

espeaally true of the left hand square knot because the absorpUon of 
the strand causes a counterclockwise rotation of the strand which, m turn, ai 
rotation of this particular suspended loop 



Fig 4— The austral, A, and boreal, B, rotation of a ,t 

suspended loop Note in B the loss of twist to the right of the kno 
increase of twist to the left of the knot In ^ there is an of 

twist in the material adjacent to the knot This may be a part P 
the earlier 6ssolution of this particular portion of the ligature or 
of twist causes early absorption 


In this instance the strand retains its twist providing tie 
tied, thus preventing rapid absorption in the area adjacen 
Even when the suspended loop of an interrupted su 
in a fixed position, vertical rotations of its knot ^ occur, 

do, variations of strand torsion in the areas ^ knot 

regardless of the form of the knot Boreal rotation foiultaiicoud' 

rauses loss of torsion to the xtrcu.c 

produces an increase of torsion to the left of ],a„d kno 

IS true of the austral rotation of this knot (fig 4) 


HORINE— CATGUT SVTURES AND LIGATURES 


59 


boreal rotation causes a loss of twist to the right of the knot and an 
increase to the left ot the knot Austral rotation causes the reverse 
effects These factors haAe a definite effect on the ultimate absorption 
of the strands m these particular areas 

COMMENT 

Particular attention to the ph}sical details mentioned in this paper 
^MlI giAe better results m tlie use of continuous or interrupted catgut 
sutures A conbnuous suture applied m the counterclodaMse direction 
causes a loss of torsion, thereby imparting eakness to tlie strand The 
interrupted suture Mill be discussed more full} in a future report 


SUMMARY AND CONCLUSIONS 

pAidence to demonstrate the relation of torsional sanations to tensile 
strength of knots m the conventional!}" spun nonboilable (h}drous) 
catgut suture material is presented Right hand tlirovs increase the 
tMist in knot t}ing Left hand throMS decrease the tMist Single knots 
formed b^ right hand throv s resist less tension than left hand knots m hen 
tissues ot small diameters are tied, especiall} m hen smaller suture 
niatenals are used Knots made b} nght hand throMS resist more ten- 
sion than those made by left throws when the} are tied over tissues of 
larger diameters 

A knot made b} a right hand throw ma} be tied more easil} and 
more tightl\ if the clockw ise torsion is increased during the act of t} mg 
the knot If the twist is decreased during this procedure, it is more 
difficult to tie the knot and less tension is obtained wnthin the suspended 
suture or ligature loop 

f n this t} ing of a left throw knot it is easier to make the knot tight 
the torsion of the strand is decreased (This is not to be recom- 
niended as a routine procedure ) If the tw ist is increased w hen a left 
throw knot is being tied, it is more difficult to tie tlie knot securel} 
The loss of twist in catgut suture material exposes more surfaces 
the substance to the effect of the tissue juices, tins in turn hastens 
the absorption processes 

Tensile strength on straight pull tests is not the all-important matter 
"fhe material should be introduced into the wound in sucli a manner 
the twist is preserved This applies particular!} to the t}ing of 
^ots w hatev er their form ma} be 

There are two forms of square, or reef, knots The right hand square 
hnot onginates with a throw made to the right, or in the same direc- 
as that of the strand tw ist The first throw in the left hand square 
IS to the left, counterclock\\Tse opposite to the direction of the 
"^^nind torsion 
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The right hand square knot is the better knot to use in catgut sutures 
or ligatures for the following reasons ( 1 ) The first, and most important, 
loop IS tied Avith less tension and injury to the strand, (2) the knot 
IS less apt to slip while the second throw is being tied, and (3) there 
IS increased resistance in its suspended loop to the pressure caused by 
the absorption of moisture from the tissues, and therefore it is more 
hkel)'' to hold the flat state and preserve the twist in the areas adjacent 
to the knot 



SPONTANEOUS PNEUIMOTHORAX FOLLOWING 
POSITIVE PRESSURE INTRATRACHEAL 
ANESTHESIA 

REPORT OF A CASE 

A F HEIDRICK, MD 
W E ADAMS, MD 

AXP 

H ]\r LIVINGSTONE, M D 

CHICAGO 

Since the introduction of intratracheal anesthesia by Elsberg in 
1909, this method of administration has become increasing!} popular, 
espeaall}’’ in the field of thoraac surger} Elsberg ^ mentioned the 
difficulbes in determining the size of the catheter to be used in order 
to produce the desired distention of the lung The deterinimng factor 
IS the freedom of outflo^\ around the catheter The importance of this 
IS well illustrated in a case recentl} reported by Bradsliaw " 

As to tlie exact amount of positive pressure which may be safel} 
used, tliere seem to be marked differences in opinion CoryUos,^ as a 
result of his experimental vork on human beings and dogs vith the 
E and J resuscitator (using from plus 14 mm to minus 9 mm of 
niercur}^ through the face mask), concluded that it vas impossible to 
cause even the slightest trauma to the lungs with this pressure He 
found that if a lung freshly removed from a dog was attached to the 
resuscitator it expanded and retracted rhythmically and became onl} 
rnoderatel} distended vith a posltl^e pressure of IS mm of mercurv, 
^nd that in order to produce rupture of the lung a positive pressure of 
from 52 to 58 mm of mercur}’' vas needed 

^lacklin,* in his study on cats, found that positive intratracheal 
pressure could produce mediastinal emph} sema, pneumotliorax and e\ en 

^rom the Department of Surgery of the Unn ersitj of Chicago 
1 Elsberg, C A. Clinical Experiences vnth Intratracheal Insufflation 
etzcr), with Remarks upon the ^Method for Thoracic Surgers, Ann Surg 52 
1910 

Bradshaw, H H Anesthesia for Intrathoraac Operations, J Thoraac 
8 293, 1939 

^ 3 Corjllos, P N ^lechanical Resusatation m Ad%’anced Forms of Asphj'xia, 

5. Obst 66 69S, 1938 

Lor^ii ^ L Pneumothorax with ^fassnc Collapse from Expenmcntal 

^ennflation of the Lung Substance, Canad M A J 36 414, 19o7 
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subcutaneous emphysema The time required to produce these changes 
varied inversely witli the pressure used With relatively small catheters, 
it was more difficult to produce a pneumothorax 

Eisenbre}'’ ^ showed that there is a wide variation betrveen the pres- 
sure registered on the apparatus and that which actualty exists in the 
trachea In 1 case when there was free outflow of air between the 
catheter and the trachea, a machine pressure of positive 20 mm of 
mercury gave an intratracheal pressure of 1 4 mm , at 30 mm' of 
niercur}^ the intratracheal pressure remained the same, and at 50 mm 
of machine pressure the intratracheal pressure was 22 mm Quite dif- 
ferent were his results when the space betiveen the catheter and the 
trachea was diminished With a machine pressure of 20 mm of mercun 
and an intratracheal pressure of 1 mm , slight constriction to the out- 
flow raised the machine pressure to 24 mm of mercur)^ and the intra- 
tracheal pressure to 5 mm Further constriction caused the pressures 
to rise to 30 and 14 mm of mercury respective!}'' Eisenbrey further 
stressed the rapidity with which the intratracheal and pulmonar} pres- 
sures rise to a dangerous degree with only a momentar}^ stoppage ot 
the outflow These facts have been substantiated more recently b\ 
Marcotte, Phillips and Adams ® in studies of dogs and cats 

Bradshaw reported a case of an 18 month old child Avho vas to be 
operated on for a large intrathoracic neurofibroma Shortly after the 
intratracheal anesthesia was begun, subcutaneous emphysema of the 
neck vas noticed, and an assoaated small pneumothorax on the right 
side was also present Uneventful mask anesthesia vas given at a later 
date, and the operation was successfully performed With the second 
anesthesia a water valve to prevent too high an intratracheal pressure 
was introduced into the s} stem Bradshaw’s report suggests that t ic 
emphysema and pneumothorax were due to an inadequate outflow oi 
gas around the intratracheal tube He mentioned the mechanical di 
culties in administering intratracheal anesthesia to children, for 
tube permitting the use of proper suction and an adequate admmisira 
tion of the anesthetic agent practically fills the trachea ^ 

In 1936, Stephens " reported 3 cases of contralateral pneumot ora^ 
complicating intrathoraac surgical treatment In his first ra ^ 
emph)'sema of tlie face and chest wall developed five hours a ter 
operation Autops} revealed complete collapse of both lungs as we 

5 Eisenbrej, A B Obseiwations on the Use of Intratrachial Anestbe 

Expenmental Work, Surg , G}-nec K. ObsL 15 715, 1912 if 

6 Marcotte, R J, Phillips, F J, Adams, W E, and Liung^t _ 

Differential Intrabronchial Pressures and Mediastinal Evnpln sima. j 

Sure" 9 1940 ^ 

7 Stephens, H B A Consideration of Contralateral Pneumo 
Comphcation of Intrathoracic Operations, J Thoracic Surg- 5 4/, 
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a mediastinal emph}senia No actual tear m the mediastinal pleura or 
bronchial fistula could be found No mention "was made of the method 
by which the anesthetic agent A\as administered In the second case 
positiA e pressure through the mask \\ as used No cutaneous emphysema 
existed, but autops} sho^\ed contralateral pneumothorax Again no 
tear in the mediastinum could be demonstrated In his third case, the 
intratracheal tube ^\as in place but the anesthetic mixture was gi^en 
through the mask During the operation the heart action ceased Forced 
positi\e pressure was used for the remainder of the operation The 
patient reco\ered after the obliteration of a spontaneous contralateral 
pneumothorax 

We wish to report a case of spontaneous pneumothorax following 
positive pressure intratracheal anesthesia administered during an opera- 
tion on the stellate ganglion 


REPORT OF C^SE 


B N , a 19 ^ea^ old woman, was admitted to the hospital on June 14, 1938, 
because of pain in the third finger of the right hand followung an orthopedic 
operation in !March 1937 At the age of 4 jears the patient had a right hemi- 
paresis and aphasia which de\ eloped suddenh a tew dajs after a tonsiIlectom\ The 
right facial weakness and aphasia gradualh disappeared, but se\ere paresis of 
the nght arm and moderate paresis of the right leg persisted In 1936 and 1937 she 
had a senes of operations on the nght forearm After the operation in March 1937 
she had continuous pain in the nght middle finger which was exacerbated b^ 
monng the second, third or fourth finger 


Ph\sical Exaimnation — The patient was a slighth obese woman of 19 ^ears 
General examination re\ealed a condition essentialh normal except for the nght 
Thi'; arm was atrophic and spasbc, earned in a flexed position wnth the 
hand held in the same straight line (owing to a prcMous bone graft operation), and 
the fingers were firmh flexed into the palm There was marked resistance to 
passu e mo^ement 

Treatment — The patient recei\ed infiltration of procaine h\drochlonde into 
le hand, injection into the median neiwe at the elbow and para\ertebral injection m 
c nght upper thoracic region on different occasions All of these injections 
^ ie\ed the pain in the finger for a short time. 

Operation — On Tune 21 a preganglionic s^mpathectom\ (right side) in the upper 
P^rt ot the thoracic region was done The anesthesia was produced b% intratracheal 
^ inistration of ether and oxygen alter an eth% Iene-ox\ gen induction, A no 8 
^gill tube was introduced through the nose and directed into the lar^mx under 
irect \n9ion Intubation was easilj accomplished wTth no e^^dence of injurv to 
^ tract There was no mucus in the throat, A no 16 Foregger bag 
*1 an exhalation \al\e was attached to the intratracheal tube b\ a 24 inch 
^^1 rubber tubing Ether \apor and ox\gen were deluered into this bag 
ueslhesia was maintained b^ the semiopen method wTth the exhaling \al\c 
a 1 Some manual pre^^^ure wa<; used on the bag during the operation when 

c was made m the pleura and at a po^^itne pre«;'«>ure of 12 mm of mercun 
measured at the head oi the machine) ox^gen was gi^en tor three minutes b\ 
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attaching the bag to tlie anesthetic machine just before closure of the chest to 
secure lung expansion The exhaling valve remained half open during this time, 
the right lung was seen to expand well Throughout the entire operation blood 
pressure, pulse and respiration showed no marked variations, as is shown in the 
accompanying chart 

Postoperative Course — The patient complained of difficulty in breathing as soon 
as she regained consciousness, but she did not at that time appear d 3 "spneic, and 
her general condition was good At Sam the following day (fourteen hours 
postoperatively) marked subcutaneous emphysema was noted over the nght side 
of the head and neck, extending below the scapula and over the right temple The 
patient was definitely d 3 '’spneic A roentgenogram taken at that time shoved a total 
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Data on the operation which was followed by spontaneous pneumothorax 
abbreviations represent A, beginning of anesthesia, B, intratracheal mtu 
C, beginning of operation, D, small hole in pleura, positive pressure, L S" 
of closure, positive pressure , F, completion of operation 


pneumothorax with complete collapse of the left lung, but no shift of the n 

astinum Four hundred cubic centimeters of air was withdrawn rom 

pleural canty, w'hich resulted in relief of the dyspnea The next aj ai 

again aspirated at intervals from the left pleural canU, and the " ^^3 

again relieved On the second postoperatne da} (June 23) the 

less marked, and there was no difficult} in breathing The 

was uneventful There was little febrile reaction On June 2 

of the chest were normal On Juh 1 the patient was discharged f ^ 

and the phv steal therapv departments for further treatment ol her 

hand and arm, whieh were painless after the operation 
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SbMMAR\ 

It has been demonstrated both expenmentalh and dinicalh that 
excessive positne pressure used in producing anesthesia ma\ result m 
senous pulmonar} complications The exact amount of positne pres- 
sure V hich can be saf el} used is not certain That the machine pressure 
IS no accurate index of the intratracheal and intrapulmonan pressure 
vas shovTi experimental!} b^ Eisenbre} in 1912 and more recenti} b} 
^larcotte, Phillips and Adams The freedom of outflow around the 
intratracheal catheter seems to be one of the most important factors 
in the determination ot the amount ot positne pressure existing in the 
Iracheobroncliial air passages Bradshav reported a case in which 
emph}sema and pneumothorax complicated intratracheal anesthesia when 
no operation was performed Stephens reported a case of generalized 
cmph}sema and contralateral pneumothorax occurring after an intra- 
thoraac operation No mention was made b\ Stephens ot the t\pe of 
anesthesia used 

One neurosurgical case in which the intratracheal anesthesia was 
seemmgh une^entful but in which spontaneous contralateral pneumo- 
thorax de\ eloped postoperatn ely is reported In this case relatnel} low 
positi\ e pressure w as used 



PROBLEM OF CARCINOMA OF THE BREAST 

RADICAL MASTECTOMY IN NINETY CASES 

C A KUNATH, MD 

SAN ANGELO, TEXAS 

The following report represents a study of the patients with malignant 
tumor of the breast admitted to the University of Iowa Hospitals during 
a five 3 '^ear period (1927 to 1932), with an analysis of the results five 
to ten years after radical mastectomy In this respect it is essentially 
another report of so-called five and ten year cures , however, it is my 
endeavor to present a somewhat broader aspect of the subject Althougli 
the percentage of operative “cures” of carcinoma of the breast has been 
steadily increasing during recent years, there are still certain features 
which indicate that a final solution to the problem has not been reached 
It IS hoped to emphasize certain factors which may be of assistance 
in improving the results 

The better known clinics throughout the United States are now 
reporting five year “cures” m from 30 to 60 per cent of their cases, and 
the general tone of the various reports tends to give rise to a feeling of 
optimism Some would explain this progress on the basis of improve- 
ments m operative technic, others, on the basis of recent advances m 
the technic of irradiation A third explanation is that patients are nou 
being seen earlier in the course of the disease and therefore respond more 
favorably to surgical treatment Encouraging as these figures may be, 
one must not lose sight of the fact that they are based only on operable 
tumors and that they leave untold the fate of a vast number of patients 
whose lesions are inoperable when first seen by the surgeon and arc 
therefore largely responsible for the high death rate from the disease 
Of the patients studied in the present series, 38 per cent were con 
sidered inoperable when first seen The follow-up study of the surgica 
treated patients showed five year survivals in 50 5 per cent of 
a figure which compares favorably with those from otlier, similar c imc^^ 
But when one considers the number of survivals m respect to t ic 
number of patients seen, both operable and inoperable, the 
of five } ear survivals drops to about 30 per cent This is the figurc^^ 
has real significance when one considers the disease in its entire 
In 1927, Daland ^ published the results of a study’’ of 100 unti'c*^ 
patients mth mammary’ carcinoma nho had either refused operatio 

From the Department of Surgerj, Unnersitj Hospitals, Iowa CIt^ ^ 

1 Daland, E M Entreated Cancer of the Breast, Surg, G\ncc 
44 264, 1927 
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presented CMdence of inoperabihtA \\hen first seen The average dura- 
tion of life for these patients from the time ot the first s\niptoms A\as 
tortv and fi\ e-tenths months T\\ent\-six per cent of the group h\ed five 
\ears without am treatment, 5 per cent Ined ten }ears Two ot the 
patients Ined thirteen a ears From the reports of other workers who 
ha\e followed untreated patients it would appear that the average lite 
expectanc\ from the first s\mptoms ot carcinoma of the breast is in the 
neighborhood of three \ears ^Vlth these facts m mind it becomes 
evident that the significance ot postoperatne ‘fi^e }ear cures’’ maA be 
less than has been considered 

Finalh I Ime shared a growing conMction that the term '^cure” is 
not a good one to use in speaking of patients reco\ering from radical 
mastectoniA for cancer of the breast There are numerous instances in 
the literature of nietastases appearing fifteen and twent} ^ears after 


Table 1 — Classificatwn of Paticuis icith Carcinoma 


operable 

Radical moatectoiny done ^ 

Operation refused 1 

Inoperable on admission 

Treated by Irradiation only -11 

Treated by simple mastectomy 15 


Primarily treated el'^ewhere entered with metnsta«es or recur 
rence 

Carcinoma of male breast* 


91 

56 


IS 

3 


163 


nro of the male brea'^t prc'^ents a somewhat different problem and these 3 ea^' 

10 included in a separate report (Carcinoma of the Male Breast J Iowa M Soc. — S 


193S) 


operation, and 1 case has been reported m Avhich an intenal of forU- 
three a ears occurred betA\ een radical niastectom}' and the appearance of 
nietastases Carcinoma of the breast is notonous m this respect, and 
there is probabl} no time m the patient’s postoperatn e life A^ hen she ma\ 
consider herself absolutely free of the possibility of nietastases It would 
appear, therefore, that the term ”surviv^V' is much more appropnate 
than cure” m referring to patients Aiho remain in good health for a 
number of a ears after operation, and this term w ill be used henceforth in 
this report 

During the fiAe a ear period betAAeen Tul} 1, 1927 and TuIa 1, 1932, 
t ere A\ere 168 patients AAith carcinoma of the breast admitted to the 
niAersitA of loAAa Hospitals These patients are classified m table 1 
The criteria of operabilitA in this clinic correspond closeh to those 
nsed clseAAhere Radical mastectom} aa'b.s not carried out A\hen the fol- 
OAMng conditions presented themsehes 

1 Demonstrable metastases to the skeletal sa stem or other 
remote organs 
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2 Demonstrable involvement of the supiaclavicular lymph 
nodes 

3 Far advanced ulcerative conditions or marked fixation 
to the chest wall 

4 Very poor general condition or associated lesions mak- 
ing the prognosis for life limited 

5 Rapidly growing so-called “acute carcinoma” arising in 
the lactatmg breast or during pregnancy 

Table 2 shows the operability rate as recorded by years This 
analysis was also carried through a subsequent five year period (from 
1932 to 1937) in order to note any improvement which might have 
occurred in this phase of the problem It will be seen that so far as 
this particular clinic is concerned little progress has been made in regard 
to the percentage of operable patients reporting for treatment 


Table 2 — Operability Rate 


1927 

61 e% 

1932 

67 9% 

im 

60 0% 

1933 

83 6% 

1929 

714% 

1934 

66 2% 

1930 

70 6% 

1935 

78 0% 

1931 

68 7% 

1936 

65 7% 


ANALYSIS OF NINETY CONSECUTIVE RADICAL MASTECTOMIES 

The cases of the 90 surgically treated patients have been carefully 
analyzed and present an interesting cross section of the problem of 
mammary carcinoma in general The salient features of this analysis 
are presented m the following sections 

Vital Statistics — The average age for the group ivas 52 5 years, 
the extremes being 74 years and 25 years There were 17 patients, or 
18 8 per cent, under 40 years of age The time that elapsed between 
the first symptom of trouble with the breast and the first visit to t ic 
physician varied from one day to twenty years There ivas usual) 
delay of from six to eighteen months 

Causation — There was a history of preceding trauma m only 
cases, or 11 per cent Two patients stated that they had had a benign 
tumor removed from the breast four and five years respectively pr'0( 
to admission Ten patients stated that they had had a “caked reas ^ 
or an abscess of the breast in the past, again 11 per cent of t e en 
group In other words, the majorit) of patients gave nothing 
history to suggest a possible cause, and this corresponds rat 
nith the observation of most other workers on the subject Un 
hand some observers believe that lymph stasis is a most importan 
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in the de\elopment of malignant tumor of the breast Trout - ^^as able 
b\ careful questioning to elicit a histor\ ot some Upe of d^stunction 
of the breast m 88 per cent of cases 

Symptoms — The first s\mptoni noted ^^as usualh a mass in the 
breast, disco\ered b} the patient this occurred in 844 per cent of 
cases Pain Mas the SMiiptom next in frequenc\, being tlie first symptom 
in about 8 per cent of the senes Most of the standard textbooks ha\ e 
minimized the incidence of pain m carcinoma of the breast, stating 
that the lesion is essentialh painless This is probably true m the earh 
stages, but 39 per cent of the patients m our senes Avere found to ha\ e 
had either pain or tenderness at sometime during the course of the 
disease Discharge from the nipple Mas noted in onh 12 cases, or 
13 3 per cent The blood} discharge mentioned in textbook descriptions 
M^s noted onh 4 times In 1 case the first s^mptonl discovered Mas 


Table 3 — Distribution of Ltsioiis 



Upp^r half 


Cl 


Upper lateral quadrant 

n 



Upper medial quadrant 

12 



Both upper quadrants 

Lo^rer half 


20 


Bou^er lateral quadrant 

0 



Lower medial quadrant 

G 



Both lower (juadrant*: 

o 



Lateral half 


51 


VIedJal half 


20 


nireetly beneath nipple 


1 


Fntire breast 


1 

- 

V^lllarv tall 


1 


retraction of a nipple In another case the first complaint Mas ot neuntic 
pam doMTi the arm 

Physical Fiudnigs — Man} authors have observed that carcinoma of 
the breast is most frequently located in the upper and lateral quadrants 
ot the breast, and this has proved to be an interesting subject for specula- 
tion In the present senes of cases the lesions were located as shown in 
table 3 It will be seen that there were three times as many tumors in 
tile upper lateral quadrant as m its nearest competitor, the upper medial 
quadrant Tliere were 61 lesions in the upper half of the breast as 
compared to 20 in the lower half nearly three tunes as mam There 
''ore nearlv three times as many lesions m the lateral half of the breast 
m the medial half The usual explanation of this overwhelming 
preponderance of tumors iii the upper half of the breast is that Ivmphatic 
^ nunage is poor because of inadequate support of the breast The data 
\ ^ be en accumulated are so consistent that there would seem to 

- Trout, H H Carcinoma of the Breast \ Stud\ in Etiolocr^ and Procr 
Vm T Surg 24 258 1934 
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be ample grounds for advising some type of uplift brassiere for proper 
support of the breast 

Fixation to the skin, including the nipple, was noted clinically in 48 
of the 90 cases and served to emphasize again that the familiar orange 
peel appearance of the skin is a frequent and early finding Some degree 
of ulceration of the skin was present in 7 cases 

Axilla) y Met atlases The presence of axillary metastases, although 
not considered a sign of inoperability, is of first importance from the 
standpoint of prognosis In this series of radical mastectomies micro- 
scopic examination revealed the presence of metastases to the axillari' 
lymph nodes in 55 5 per cent of cases 

Overholt and Eckerson ® have pointed out that the clinical diagnosis 
of axillary metastases is often incorrect, since, on the one hand, the 
nodes may be inaccessible to the palpating finger and, on the other hand, 
a certain part of the enlargement of the lymph nodes may be on the 
basis of simple chronic hyperplastic lymphadenitis Investigation of 
this point in the present series showed numerous errors in both directions 
There were 41 cases in which a clinical diagnosis of axillary metastases 
was made In only 30 of these were metastases demonstrated on histo- 
logic section, an error of 27 per cent There were 49 cases in which no 
nodes were palpated clinically In 20 of these metastases were demon- 
strable on histologic section, an error of 41 per cent Thus, the total 
diagnostic error was found to be 34 per cent 

Similarly, it was found that the clinical diagnosis of imolvement 
of the skin was often in error Of the 48 cases in which there was clini- 
cal involvement of the overlying skin, sections showed actual invasion of 
the skin in only 19, or 40 per cent In the other cases the cutaneous 
condition was probably simple lymphedema or was due to traction on 
the skin from deeper structures 

Operative Technic — The extent of the dissection in radical mas 
tectomy has become pretty well standardized since Halsted described In'’ 
technic in 1888, and the chief differences of opinion today center aroun 
such details as the amount of skin to be removed, the t3pe of suture 
material to use and the closure of the defect by primary skin approMOia 
tion or by Thiersch graft In the present senes of cases an attenip^ 
was made to preserve skin wherever feasible and to approximate t le 
edges of the skin primarily in every case if possible As a result, primarv 
skin graft was carried out only 11 times, an incidence of 12 2 per cen 
Postoperative Mortality and Moibidity — In this group of 
secutive radical mastectomies there was not a single operatnc ca 
The earliest recorded death occurred three months after operation . 
more than two months after the patient’s discharge from the Jio p • 


3 0\erhoIt, R H, and Eckerson, E 
Breast and the Results of Operation, New 


B The Treatment of Cancc" ot d 
England J Med 2il'703 1934 
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Among the postoperatne complications, mtection led the list, and 
there ere 27 patients or 30 per cent, ho had some degree of sloughing 
of tlie cutaneous margins or infection m their ^\oundb Nine of these 
defects ^^ere considered extensne enough to require secondar}" skin 
grafting The next most common postoperatn e complication 's\ as 1} mph- 
edema of the arm, ^\hlch occurred in 10 per cent of the cases Thrombo- 
plilebitis ot the axillarv ACin occurred m 2 cases There were 1 instance 
of pulmonar^ infarct and 1 case in which the postoperatl^ e course was 
complicated by er} sipelas of the w ound The a^v erage period of hospital- 
ization was twent}-two da\s the extremes being six da\s and ninetv- 
tA\o da}s 

T\ble 4 — Status of Patients fre to Ten Years After Operation 


Patients living 32 

Living and in good health 31 

Living Tvlth local reccrrence 0 

Living with metasto'es 1 

Patients dead 3S 

Died of carcinoma ol breast 52 

Lied of other cau«e<* G 


90 


* Cancer of stomach 2 cancer of cervix 1 diabetes 1 cerebral hemorrhage 1 pcoriasis 
and general debllitr l 


Table 5 — Percentage of Surzmats for Each Year After Operation 


1 year survivals (S2 out of n po^'^ible 90) 91 

2 year aarvJvals (6S out of a po«»IbIe 90) 753% 

3 year arrivals (o9 out of a roc‘;Ible S9) ^ 3% 

4 year survivals (50 out of a possible S7) a* S% 

5 year survivals (43 out of a possible S5) 503% 

6 year survivals (32 out of a po^i^ible 77) n C% 

7 year survivals (17 out of a po‘*'JibIe 5S) 293% 

S year ’survivals out of a po'^ible 40) 27 ^ 

9 year survivals ( 4 out of a po*:‘'Ible 17) 23 5% 

10 year survivals ( 2 out of a po*!5ible 7) 25 C% 


FOLLOW 'UP RESULTS 

^ was especialh fortunate in obtaining a follow-up report in 100 
P^r cent of cases in this senes The lapse ot time since operation varied 
e to ten i ears The status of the group at the time the sun e\ 
''as made is showm m table 4 

Talile 5 show s the percentage of sun n als for eacli i ear follow ing 
Operation The term ^^sunnaP’ is used onli for patients in good health 
Without eindence of metastases or recurrence 

The incidence of local recurrence in the senes was 18 9 per cent 
"^^ic time of appearance ^a^ed from four months to fi\e \ears post- 
^IH‘ralu el\ the a^ erage iiitenal being eighteen and three-tenths months 
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I he gioup w.is iioi parlicnlarl\ sinlecl for the btiidv of nietastases, 
‘;niec iiio^t of the patients died at home, and jtobtniortem examinations 
were not made Jlowe\er, fioni the evidence at hand, the following 
ineidence ot inel.ist.ilic lesions was asceit.nned skeletal system, 18 


(spine, 8 , pelv is, 7 , i ihs, 
luntjs and pleura, 16, 
mediastinal Ivmph nodes 


1 , femur, .3 , skull, 2 , clav'icle, 1 , sternum, 1 ) , 
hver, S, peritoneum, 4, opposite breast, 4, 
3 , skin, 2, and hram, scalp, pancreas, adrenals. 


larvnx .md jverK.n diiim, 1 each 

Warren ' m a stud} of 162 eases of cancer of the breast m which 
autopsv was done observed onlv 8 m whieb there were no metastatic 
lesions lie stated that practicall} ever} organ m the body been 
noted as a site of metaslascs, and m his study the e}e, the middle ear, 
the nasophar} n\ and the pineal gland were the only tissues to be spar 


COM’VIltNT ON RHSULTS 

It Will be noted from table 5 that the percentage of five year sunnvals 
was 50 5, a figure which compares favorably with those 
similar clinics Hutchinson ® m an extensive analysis of the vvor 
ture m 1936 found that five year survivals averaged 28 1 per ce 
operation alone and 40 9 per cent with operation plus ^^radiatio 
The death rate was highest in the first few years after op®^ 
tended to level oflf after the seventh year In other 
year the patient survives after operation the prognosis or 

The incidence of local recurrences (18 9 per cent) 
high and caused my associates and me to consider the adv sa^ 

wider cutaneous excision After Halsted devised his 

tion m 1888, he reported that he had reduced time 

recurrence from over 60 per cent to 6 per cent o 

the longest postoperative duration of life in any o ^ - ^ . p per cent, 

three years Subsequent reports by Halsted put the 

then 27 1 per cent, then 31 9 per cent Lewis ^ 1932, 

analysis of the cases from the Johns f per cent of cases 

reported local recurrences in a range rom tonpnus excision 

These authors made a strong plea for wide cu 

The 

4 Warren, S , and W.tham, E M ^todiaa »■’ 81, 

tnbuuon of Metastases .n Cancer of the Erast, S" ^ J Treatment «t 

5 Hntchtnson, E G The Value of Ea-hahon The«py 

Caranoma of the Breast, Snrg, Gynec St 0“ “ ■ Balt.n>»«' 

6 Halsted, W S Surgical Papers of W.lhan, Stewart B 

Johns Hopkrns Press, 1924, vol ^ r„„„s of Opetah”"’ 

7 Lewis, D , and RienhofE, W F Ahtm 

(or the Cure of Cancer of the Breast, Ann Surg «S 336, 
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prmiar} Thierscli gratt, stating that b} this procedure alone is it possible 
to reduce local recurrences to a niinimuin 

Although these Aie\\s reflect the teaching of Halsted, who may 
properly be called the father of modern breast surger}, there are 
enough accumulated statistics to lend considerable doubt as to their 
pracbcabilit} In the first place, the percentage of recurrences reported 
b^ these authors is not as lo^\ as those of some clinics ^^here closure of 
the wound is earned out primanl) Lee® in anal} zing the cases from 
the !Memonal Hospital, New York, found local recurrences m onl\ 
13 per cent, and nearl} all of the operati\e wounds were closed 
pnmanly without grafting In the present senes of cases pnmaiw skin 
grafting was earned out ele\en times owing to extensne ulceration 
necessitating wide excision of skin It is probabl} true tliat these 
patients represent a group m a more ad^ anced stage of the disease and 
therefore a less favorable prognosis Be this as it ma} , the fact 
remains that there w ere local recurrences in 47 3 per cent of this 
group as compared to 17 7 per cent m which primar*}’' closure was done 
Secondl}, the postoperatne mortalit} is appreciabl} higher where 
the Halsted Thiersch graft procedure is emplo}ed, and m the senes 
reported b} Lew is and RemhofT it w as 6 4 per cent 

Finally, one must face the fact that the patient with carcinoma 
of the breast does not die from local recurrence but from metastases, 
and often these are far distant from the site of the pnraar}’’ lesion 

It is the opinion of this clinic, therefore, that a point has been reached 
w here one can expect little impro^ ement m results from increasing the 
magnitude of the operation This new point has been admirabh expressed 
b} Alathews,® who stated “We ma} extend the area ot skrn remo^aI 
mdefinitel} but what is gained when the site of the recurrence is 
^^^thln the chest 

FACTORS IX PROGNOSIS 

A great deal of insight into tlie problem of carcinoma of tlie breast 
^n be gained by consideration of the ^ anous factors influencing 
prognosis The factors w hich ha^ e been mentioned in the past are 
discussed bnefl} in connection with the present senes ot cases 

1 Age — The influence of age is well known and follows the gen- 
^rall\ accepted fact that an} malignant growth occurring m a }oung 
person IS apt to be much more rapidly grow ing and earlier to metastasize 
In the present senes of 90 cases there ^^ere 17 patients under 40 }ears 
of age \\ ith fiA e } ears sumvals in onl\ 5 instances, or 29 per cent 

8 Lee, B J End Results in the Treatment of Cancer of the Breast by 

adical Surgen Combined wnth Preoperat^^e and Postoperatj\ e Irradiation Am T 

Surg 20 405, 1933 

9 Matheiis, F S Results of Operatne Treatment of Cancer ot the Brea't 
Ann Surg 96 871, 1932 
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Jmi lotion Mthouf^h (here li.is ne\cr l)ccn any conclusive proof 
that tancei octiiis nioie fioijiicntl) ni breasts Minch have hetated, some 
woikcrs hehese that there has been some hpc of dysfunction in the 
bie.ist in inattitalh e\er\ case of malignant disease On the other 
h.md It IS lather delmiteh cst.iblishcd that carcinoma arising m an 
«Kti\eh lactatnig hi cast or during picgnanc} is an exceedingly dangerous 
lesKiii I'i\e }eai ‘’ur\i\als in such cases arc practically nonexistent 
i tout ’ w.aiiicd Monien nc\cr to become pregnant after having had 
an ojieiatiou for cancel of the breast Of 15 collected cases in vhich 
])os(i)pcrati\ c ])i egnaiu} occurred, cancer developed m the opposite breast 
in 1 1 01 87 per cent, and all 13 patients died promptly of caranoma 
Although thcie arc no such cases m the present series, I have obserc'ed 
several during the past few }ears and have learned to consider such 
lesions as among the most rapidly growing and progressively fatal 
of all malignant giowths The practice of producing artificial meno- 
pause in (he treatment of malignant mammary disease is becoming 
general!} adopted throughout the United States and is logically based on 
the known inter-relation between the breast and the manes The factor 
of lactation in prognosis can probably be summed up by saying that if it 
is coexistent w ith a malignant tumor of the breast the prognosis is 
made much more unfavorable, while previous lactations exert a detri- 
mental effect only so far as the} have left residual dysfunction, irregu- 
larity or inflammatory episodes 

3 Diuution of Symptoms Bcfoie Opeiafion — For evaluation of the 
impoitance of this factor, see section 4 

4 Raie of Gi oivth — Greenough and 1 a}dor stated that the pre- 
operative duration of the tumor, as recorded by the patient, is of ver)' 
little value in prognosis Lewns and Rienhoff also found this factor 
to have very little significance in regard to longevity after operation 
M}'’ owm observations are in agreement with these views, and m the 
present senes some of the patients who had delayed longest before con 
suiting a physician are among those who have survived for five years 
Since there is such a great vanation m the rate of growth of carcinoma 
of the breast it would appear that this factor is the important one to 
consider, rather than the actual time that the tumor has been present 
One can probably conclude, therefore, that while the duration of symp 
toms is of minor importance, the rate of growth is probably among 


the most important of prognostic factors 

5 Stj^e of Mass — An analysis of this point failed to reveal 
large tumor carries any more serious a prognosis than does a sma one 


10 Trout, H H arcinoma of the Breast, Surg , Obst 

11 Greenough R- B, and Taylor, G W Cancer of the Breast End kc 


New England J Med 210 831, 1934 
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Here again the significant feature is not the size of the mass but the 
rate of gTO^^th and the extent of the disease at the time of operation 

6 Location oj Mass — Lee® has stated that tumors of the upper 
medial quadrant of the breast earn the best prognosis, ^^hlIe those of the 
low er half and upper central position carry the most unfa^ orable I as 
unable to a ent} this conclusion in the present series of cases and found 
the percentage of fi^ e } ear sur\ n als to be practicall} the same for each 
quadrant of the breast examined 

7 A\iUary lilctastascs — The importance of axillar} metastases in 
prognosis is probabl} the best accepted ot am of the various factors 
that haAe been discussed This point has been anal) zed b) practicalh 
all workers on the subject, and tlie conclusions are quite consistent 
throughout Hutchinson/ in his reMew of the published statistics in 
1936, found the a^erage percentage of fi^e )ear surMvals to be 35 in 
cases m Mhich there ^\ere axillar)^ metastases and 71 3 per cent in cases 
in A\ hicli no axillar)’' metastases ere present — a difference of 36 3 
per cent An anal) sis of the present series of cases sho^^s figures which 
are Aer) similar 

Total 90 cases 50 5% fi^e jear sumA-als 

40 cases without avillan metastases 72 5% five jear surviA^als 

50 cases wnth axillary metastases 30 0% fiA e 3 ear sursiA’als 

Difference 42 5% 

anal) sis of the cases in w Inch death occurred show ed that the aA erage 
duration of life in the patients with axillar)^ metastases AAas two and 
sixt)~seAen hundredths )ears, while those wuthout axillarv metastases 
Ined an aA erage of four and seA’’enteen hundredths )ears, or nearly tAAnce 
long 

Doubtless if it AAere possible to subdmde the patients AAith axillar)'’ 
metastases still further — as to the portion of the axilla imohed, size 
of the nodes, and degree of fixation — one could gain eAen greater 
prognostic infonnation Trout has mentioned that one large axillar) 
node giAes a much better prognosis than do numerous shotlike glands, 
^nd it has been common observation that A\hen the extremeh apical 
Stands of the axilla are im oIa ed the prognosis is made definiteH less 
taA orable In the experience of Bloodgood the fiAC )ear surviAals a\t11 
aA erage about 70 per cent AAhen the axillarA glands are not inAohed 
hen these glands are imohed the figure drops to 25, 20 and 10 per 
^ent depending on aa hether tlie basal the medial or the apical glands are 
iHAohed and on the skill of the operator 

S Imolvcmcnt oj SI in — This feature was anahzed wnthout finding 
thing ot prognostic significance The patients w ith inA oh ement of the 

1- Bloodgood J C Biop^^A in Brea'^t Le«:ion‘; Ann Surg 102 239 193^ 
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i>lvin li\cd just as long as the others, and there were 57 9 per cent of 
fne \cai surM\als in this group as compared to 50 5 per cent for the 
entire '^ci ics 

9 J Jir{olo(/ic Ciiading — Numerical grading \\as not carried out m 
this senes of malignant tumors, hut some workers feel that this procedure 
IS jirobabK the best index of j^rognosis that has been disco\ered The 
modified }3i Oder's classification de\ eloped by Greenough at the Massa- 
chusetts General Hospital pro\cd to he a valuahle prognostic index in 
bis bands, nc\crthcless, he stated the belief that it should ahvajs be 
considered m connection u ith the extent of the disease and other factors 
Lewis and Ricnbofi: also expressed doubt whether prognosis should be 
based on the histologic picture alone Trout stated that the histologic 
index IS not nearh as important or as accurate as a well considered 
clinical index 

Among the Aarious clinical indexes winch ha\e been formulated, 
probabh the most popular is that of Lee and Stubenbord These 
authors ha\e taken into account four factors age, lactation, rate of 
grow th and extent of the disease, w Inch, as may be recalled, are the 
most significant of the several factors which have just been discussed 
Each ot these factors is evaluated as increasingly significant in the order 
named, and they are further e\aluated by gradation factors wathin 
themsehes Although clinical application of the formula may appear 
somewdiat laborious, it serves to emphasize the relative importance ot 
the larious factors to be considered m prognosis 


THE PROBLEM FOR THE FUTURE 


The importance of any sun^ey of postoperative results lies m the 
opportunity it affords for looking into the future What are the wa)S 
and means at hand for improving the results ^ It is alreadj^ fairly en en 
that no drastic improvement can be made from the standpoint of opera 
tive technic The various electrical units and the hot loop knife laie 
manj'' advocates and probabi}'- offer certain advantages in all 
procedures on malignant tumors As concerns the manj' incisions 
have been proposed, it would seem tliat this is a matter to be indn^ u 
ized for each patient according to the location of the mass m the 
and the extent of involvement There is probably no one incision 
can be used successfully in every case, and the extent of the su 
dissection varies little with any of those proposed The ^ ° 
chmc in regard to extensive excision of skin and primarj^ s an g* 


13 Greenough, R B Five Year Cures of Cancer of the Breast at t 
chusetts General Hospital, Surg , Gynec & Obst 58 437, 193 , , gno fo^ 

iT Lee, B J , and Stubenbord, J G A Clinical Index of Mahgnan 
Carcinoma of the Breast, Surg , Gvnec S. Obst 47 812, 192 
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ha\e alread\ been expressed Our experience has led m\ associates and 
me to agree with j\Iathews that the percentage of cures of carcinoma 
ot the breast is not proportionate to the time de\oted to the operation 
or to the amount of skin remo\ed The important thing would appear 
to be a reasonable U'pe of radical mastectom\ carried out while the 
lesion IS sitll confined to the breast 

ith this objectue m mind at least three a\enues ot approach to 
tlie problem are suggested 

1 Proph} laxis 

2 Education of the laitv 

3 Irradiation 

1 PropJiyla \is — The relation ot cancer of the breast to preMOUS 
d\stunction has already been mentioned under the discussion of causation 
The occurrence of tw o thirds of all mamnian cancerb m tlie upper halt 
ot the breast cannot be ignored and argues strong!} for proper support 
ot the breasts as an important proph} lactic measure The relation of 
pehic disorders, the proper care of tlie breasts during pregnane} and 
lactation and the eftect of subsequent pregnancies after reIno^aI of a 
carcinoma of the breast ha\e all been admirabh brought to light 
Trout and deseix e the attention of c\ erx practicing ph^ sician 

2 Education oj the Laity — This approach to the subject is based on 
the firm knowledge that earlier recognition of the disease is the best 
means at hand ot improMng the results It is highh significant that 
radical mastectom} m this clinic when earned out before the axillaix 
glands w ere im oh ed offered a fi\ e ^ ear surx n al m /2 5 per cent ot 
the cases The crux of the problem lies m obtaining a reduction m the 
large nimiber of tumors w Inch are inoperable w hen first seen b^ the 
surgeon The American Soaet} tor the Control of Cancer is alread} 
making stndes m this field in educating the lait\ as to the first signs 
t^f the disease and the serious implications that nia^ attend an} lump 
ni the breast That this propaganda is actualh producing results has 
alread\ been show n m some clinics if not m this one At the ]\Ia^ o Clinic 
the operabilit\ rate rose from 55 per cent in 1926 to /3 per cent m 
1936 and other clinics are reporting similar increases 

3 Irradiation — It seems hkeh that the radiologist will pla} an e\en 
more important role m the future treatment of malignant disease of the 
breast than he has m tlie past Definite ad\ances are constant!} being 
»nde m this field h\ the use of higher \oltages and b} newer methods 

^ppheation The principle of preoperatne irradiation appears to be 
gaining ta\or steadiK in spite of the disagreements about it a few \ears 
ago 

hi most of the cases reported m the present stud\ radiation was gnen 

mastectonn but in none ot them was preoperatne irradiation 
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c.irncd out, because this procedure uas not nistitutccl at the University 
Ilospilals until 1932 Since 1932 it has become a routine procedure, 
but there lias not }et liccii suflicieut time to permit evaluation of the 
lesults in teuus of fi\c \ear sur\i\als Consequently, the experience of 
this clinic in tins rcgaid is still m terms of impressions rather than actual 
statistics J he reports from othei clinics concerning preoperative irradia- 
tion are foi the most part encouraging, and as advances are being made 
m the field of roentgen thcrajiv the use of irradiation may become an 
c\cn more ■valuable adjunct to surgical treatment than it is at present 

SUMMARV 

Anothei series of opcraln e cases of carcinoma of the breast is added 
to the literature for the statistical value it may afford This report 
represents an analysis of the results from five to ten years after radical 
mastectomy, a follow-up report having been obtained in 100 per cent of 
the cases 

The various factors m prognosis are discussed m regard to their 
relative importance, the most significant ones being the presence or 
absence of axillary metastases, the rate of growth, the coexistence of 
pregnancy or lactation and the age of the patient 

It IS suggested that the term “survival” be substituted for cure m 
referring to patients who live for varying periods after operative treat 
ment 

An attempt has been made to view the problem of cancer o t e 
breast m its entirety rather than as a survey of a group of operative cases 
The methods of improving the results become more clearly defined w len 
viewed from this standpoint and seem to be chiefly along the Imes o 
prophylaxis and earlier recognition of the disease 

The differences of opinion that exist m regard to operative tec n^ 
are discussed, and the conclusion is reached that no improvement in^ 
results can be hoped for by making the operation more radical a 
the goal should be a reasonably radical mastectomy performe vv 
the malignant growth is still confined to the breast 



EFFECTS OF LOC-\L REACTION IN SPONTANEOUS 
TUAIORS OF ANIMALS AND HUMAN BEINGS 


FREDERICK M ^LLEN, :M D 

\ORK 

It has been sho^\ n elsewhere ^ tliat teinporar} asph}^ia produced 
h\ local ligation damages tumors selecti\ eh , in such a manner as to 
cause extensne and sometimes complete necrosis of the tumor ^\hlle 
the normal tissues are unharmed except for transitor} inflammation 
These results (with transplanted tumors of rats and mice) were sub- 
stantialh duplicated wuth the chicken sarcoma,- which is composed of 
autogenous cells, but the persistence of the chemical excitant w as 
assumed to be responsible for the trivial number of actual cures in 
proportion to recurrences and deaths It was obMOush desirable to 
extend the trials of asph^'xla to tumors natne to the mammalian bod} 
Circumstances unfortunately did not warrant undertaking the chemical 
production of tumors w ith tar denratn es A number of rat and mouse 
tumors were obtained b} special arrangements with large dealers 

1 RAT FIBROMA 

This IS a common benign growi:h w Inch de\ elops slow h to huge size 
sometimes being as large as the rat s bod} It also springs usual!} from a 
rather narrow pedicle or is sufficiently separate from the bod} to permit 
ligation As it is composed essentially of a low^ order of tissue namel} , 
lough, mature white fibrous tissue, it might be expected theoreticall} 
to sur\i\e prolonged asplwxia Three examples of different sizes were 
obtained, and all w ere found to break dow n w ith tn^ lal ligations of one 
or two hours This result was not due to thrombosis in the ratlier 
scantx suppl} of mam blood a essels, as w as show n b} the finding of 
liquid blood and small hemorrhages afterward The process rather 
^icgins as an extensue central necrosis which spreads rapidh to the 
pcripherv In the case of large tumors the shock and gangrene kill 
the rat The endurance of temporar}^ lack of circulation is therefore 
less in a fibrous tumor than in normal tissues of a similar order 
^uch as coiinectue tissue or bone 

1 -Mien, F M To be published 

^ ■Mien F M \ni j Surg , to be published Tran‘;fusion«; and Pohcvihemia 
’^ Normal and Tumor-Bcanng Rats J Lab 61 Clin Med 25 47L475 1940 
ntlucnccs oi Local \*;plnxia Organ Extract^ and Temperature Change<^ on 
Subcutaneous and Visceral Tumors in Rats, Urol & Cutan Re\ 44 
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2 MOUSL TUMORS 

Seven mice vvitii large tumors were received Small biopsy specimens 
wcie examined bv Dr A S Price, of the Polyclinic Hospital, who 
furnished the microscojnc diagnoses of 1 mammary adenoma, 1 adenoma 
with earlv malignant change and 5 carcinomas Attempts to transplant 
(he tumors into other mice failed All these tumors showed typical 
hcmonhagic congestion, and all visible tissue sloughed completely after 
ligations of only one and one-half to three hours, while the legs or 
other noimal structures included in the ligatures were unharmed Some 
of the tumors were so situated that the entire mass could not be siir- 
loundcd by a tourniquet Others were so large that their necrosis 
resulted m the death of the mouse One cure with survavml was obtained 


The animal had an inguinal carcinoma measuring 1 5 by 1 2 by 1 cm 
The ligature was placed so as to include the tail and the rectal and 
vaginal openings but not the leg After release m one and one-half 
hours there was the usual dark congestion of the tumor and pmk 
hyperemia of the normal parts, followed by rapid sloughing and subse- 
quent healing of the ulcer 


These results, together with the observations on chicken sarcoma, 
sufficed to prove that native tumors break down under asphyxia m the 
same manner as do implanted tumors The ease of such breakdown is 
independent of the native or foreign origin of the tumor and likewise 
of the tissue type of malignancy Thus, the benign rat fibroma succumbs 
more easil}' than the transplanted rat sarcoma or carcinoma The native 


adenoma or carcinoma of the mouse is fully as sensitive to asphyxm a 
the transplanted mouse tumors and much more sensitive than the 
transplanted rat tumors An analogy may be drawm with the varia e 
radiosensitivity of different human tumors and with the fact that trans 
planted tumors in general are not more radiosensitn^e than native tumots 


3 DOG ADENOCARCINOMA 

A dog which was to be killed because of tumor was donated to m 
by a veterinarian. Dr Frank Bloom of Flushing, L I It was a^^^) 
Cairn tenier, female, vigorous, slightly obese and not markedly 
There w^ere two subcutaneous masses, one on each side of the ^ 
of the abdomen, near the costal margin, about the size of an egg 
walnut respectively, about 8 cm apart and both hard and nodular ^ 
tentative diagnosis of mammary adenocarcinoma was connrnie 


biopsy of material from the larger tumor 

With the dog under pentobarbital sodmm anesthesia a clamp was 2 or 

beneath the center of the large tumor, through cutaneous punctures ^ ,n 

from Its margin, carrying two rubber ligatures This procedure vvas i 
a hue at right angles to the first By tvmg off the maintvnetl 

all blood supply was cut off from the large tumor The ligation 
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for SIX hours In a small animal, such as a rat, the direct pressure of ligatures 
for this length of time without protection ot the skin ordinanl> results in oblitera- 
tion of ’vessels and sloughing of the entire mass, but the larger and tougher \essels 
of the dog resist the lnJur^ Just before release it was discovered that a trifle ot 
blood flow was present in the tumor, and the cause was found in the breaking 
of one 01 the strands of rubber TJie tumor swelled greatJ\ after release, but 
its color was not discernible The inflammatorv reaction and edema also extended 
over a considerable surrounding area and included the tumor on the opposite side 
Dunng the following week or two both tumors shrank graduallj, until the large 
one was about half and the smaller one about two thirds ot its original buJL 

One month after the first treatment, both tumors were stationarv or showed 
verv shght grovv'th A small biopsv speamen from the larger one resembled the 
former specimen except for considerable fibrosis ith the dog under pentobarbital 
•wiium anesthesia a pair of rubber ligatures were passed under the center of the 
tumor through cutaneous punctures about 3 crru from the margins, and the smaller 
size now permitted tvnng off in two halves Complete stoppage of blood flow 
was thus maintained for four hours The resulting inflammatorv reaction was 
followed bv a further shght shrinkage of both tumors The large one m particular 
became noticeablj flabbv, in contrast to its original hard angulantv The normal 
tissues included with the tumor wnthin the ligature in both treatments suffered no 
permanent damage. 

Two weeks after the second treatment the tumors seemed to be stationarv 
but not receding further A third treatment was then given bv ligating the large 
tumor in two halves for six hours The result vv^as immediate sloughing of all 
visible tissue m this tumor The normal tissues included vvuthin the ligature were 
mereh inflamed, vvnth the exception of a small patch ot skin over the center ot 
e tumor, which vwas lost secondanlv in the ulceration The small tumor main- 
tained its reduced size, without perceptible growth or recession 

One month after this third treatment the ulcer vv’as healed dowm to a tinv 
su^rfiaal area, wnthout sign of recurrence The dog then escaped irom the 
ratorj, so that the opportunitv for treatment of the small tumor and final proof 
of cure w'as lost 

The expenment was of particular interest for two reasons first 
f c partial recession obtained in the first treatment when the blood 
^^as not completeh stopped, second, the partial recession in the 
snialler tumor, which was not ligated but was merelv involved in 
^ spread of inflammation from the treated tumor The conditions 
seem to resemble those in some cases of recession of human tumors 
in the literature These conditions had not been reproduced in anv ot 
^ tumors ot rodents, m spite of the utmost efforts in this direction 
tom the beginning of the research In rats and mice ligation either 
^nses immediate slouglung of a tumor or leaves it in active grovvi;h 


at least, tests showed inflammation to he ineffectual without 


In 

^ph\\ia It was therefore of great interest to find n su?gei?tion ot 
ical differences in behavior of tumors due to specie^ 


Two 


4 ULMW CWCER 


cases were studied in an attempt to apph some ot the expen- 


c>iuujca HI au attcxnpt cu 

results and also to gam additional information 
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C\s^ 1 — Mr'; J D, aged 48 }cars, was referred to me by Dr Edward A 
Kellogg In 1929 Dr Kellogg had rcmo\cd the left breast for a tumor \\hich 
was diagnosed nncroscopicall} as a scirrhous carcinoma of mammary duct ongia 
T he patient appeared in perfect health until September 1935 Then, after this 
iinusiiall} long latent period of si\ jears, a small cervical swelling appeared 
On September 9 glands were removed, which were found microscopically to 
contain tumor identical with the original one Another cervical swelling led to 
rcmo\al of another group of glands on October 1, and still others were exased 
on ]an 3, 1936, with the same microscopic picture m all Roentgen treatments 
were gn on to the limit of safeU without any effect Increased rapidity of tumor 
growth was c\idcnt The patient was seen m consultation on March 3 and 
icccncd experimental treatments at short intcr\als from that date until her death 
from mtrathoracic mclastascs on December 14 


On Alarch 3 the left side of the neck showed five healed scars in different 
areas wdicrc glands had been removed There w^as a sprinkling of hard superfiaal 
glands from shot to bean size over the left side of the neck, from the niidline m 
front to the inidhnc behind A fused clump of such glands was palpable below 
the margin of the jaw^ The only sign of deep glandular in\ olvement was an 
almond-sized mass about midw^ay between the jaw and the clavicle and adjacent 
to the carotid sheath 

It Avould have been preferred to try ligation of some of the easily accessibk 
glands The patient positively refused further surgical treatment of any descnption 
but was eager to cooperate in any other kind of experiment Therefore, treatment 
was directed to attempts to imitate the local conditions of streptococcic infection 
Most of the time was occupied with very mild applications of new measures, w ^ 
were increased gradually enough to assure against harm With nian\ i^nations, 


the mam procedures were as follows 

1 Potassium arsenite ^ was used as a nonirntatmg form of arsenic, and ^ 
one occasion arsphenamine was used as an irritating form The method 
from injection of a few drops of undiluted solution of potassium arsenite U 
into the center of a small gland to infiltration of large volumes of high ^ ^ ^ 
over large areas Because of a high individual tolerance or for otlier 
was possible to raise the dose as high as 1 cc without signs of 
Procaine hydrochloride or sometimes cocaine hydrochloride was include 
solution, together with epmephnne hydrochloride and sometimes also 
hydrochloride Stoppage or reduction of circulation was attempted m three g 


to heep 

a Small injections were repeated every ten or fifteen minutes, so as 
an mdividual gland and its immediate environment saturated with the ars 
four to SIX hours continuouslv The white wheal caused by the 
substances was always evanescent and was replaced by pink in spite o a 
Also, the hardness of the gland caused the fluid to escape from it into 
tissues of the neck 

b The same solutions were used with the addition of dextnn j^t 

make as thick a mixture as would flow through the needle, so as to a 
pressure and dimmish the spread through the tissues and also for ^ 
possible prolonged tissue reactions to the colloids 

3 Allen, F M To be published 
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C On one occasion the solution w’as diluted to 1,500 cc, and the attempt was 
made to maintain local anemia h\ fluid pressure, fresh solution being injected 
whene\er the tension diminished Pressure sufficient to cause \nsible bulging of 
the pharnix on inspecbon inside the mouth w^s thus maintained for three hours 
and somewhat less pressure for two more hours, but the influence for pre\enting 
arculation w’as inadequate. 

The breakmg down of cancerous glands b^ methods a and b was more success- 
ful than might ha\ e been expected from the imperfect infiltration and anemia This 
tumor, howe\er, w^as highU resistant to arsenic, because it continued a slow, infil- 
h^ting growth after the glands were broken down ^lethod c accomplished 
nothing It did not cause an} breaking down of glands in the infiltrated area, 
and the subsequent appearance of new nodules pro\ed that it failed in the main 
purpose for which it w’as used, nameh, the killing of in\Tsible deposits of cancer 
throughout the hTnph spaces 

2 Pure ghcenn, saturated solution of sodium chlonde and other strong irri- 
tants were injected into cancerous glands, alone or wnth arsenic These forms 
of inflammation pro^ed to be unnecessanh painful without an^ helpful effects in 
hilling cancer 


3 Injections of Cole\ fluid (a mixture of the toxins of ervsipelas and Baallus 
prodigiosus ■*) wuth cocaine or procaine h) drochlonde, epinephrine and sometimes 
arsenic were made at intervals of fifteen to thirty minutes, so as to keep indmdual 
glands saturated w^th the streptococcus toxin (w’lth or without arsenic) for se\eral 
hours Sometimes these treatments were repeated o^er a senes of da^s Glands 
^'cre thus broken dowm, but more or less infiltrating growth continued With 
ascending doses of Cole^ fluid the additional influence of fe\er was tested, wnth 
rectal temperatures up to 103 4 F, but wuthout an> stnking change in the results 


4 One gland together wuth its immediate ennronment was infiltrated with a 
starch suspension on two da^s, causing a mild chronic mflammatorv reaction A 
biopsv specimen w^as obtained, and Dr A S Price, wnthout knownng what had 
done, made a microscopic diagnosis of carcinoma together with ‘"foreign 
bod} granulomatous reaction and multi nucleated giant cell formation ” The tumor 
growth was not arrested 

Se\eral applications of roentgen raAS were made b^ Dr A J Quimb} according 
^0 two plans 


o In Mew of the reported dangers of the combination of roentgen therapy 
3nd some arsenicals,*' it was desired to learn whether the tumor might be more 
sensitized than the normal tissues and also wloat the effect would be when the 
ti^^ues were directl\ infiltrated with arsemc in far higher concentration than could 
result from am systemic administration From cautious beginnings with minimal 
osw of both the drug and the ra}s (o\er small areas) ad^"ances were made 
^ra uall> to full er\ thema irradiation and 1 cc, of solution of potassium arsenite 
^ A s}stemic action must also ha\e resulted from ab'^orption of the 
Ne\ ertheless, there w’as no perceptible sensitization of either 
h d normal tissues At least witli regard to this single case, it 

thcra^ concluded that the fears concerning arsenic in connection with roentgen 


were unfounded, there A\as aFo absence ot benefit 


til M ^ Results of the Treatment of Inoperable Sarcoma b\ 

• 1 — Toxins of Ensipelas and Bacillus Prodigiosus, Am T M Sc. 131 

•S'?-130 1906 

tin ^ C, and Itami S Effects of Xeoarsphcnamine on Spon- 

Breast Tumors of Mice. Am T Cancer 17 106-115, 1953 
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l> While llic first LXpcnniciUb were being iKirfonncd on the superficial glands, 
(he mass of deep glands grew rapidly to walnut size On account of their close 
proMinit} to the carotul sheath, pressure disturbances could be anticipated, and 
a problem of treatment was created A hint was taken from the roentgen treat- 
ment of carbuncle With a long, thin needle this mass w'as given daily injections 
of ascending doses of Coley fluid and arsenic The increasing inflammation quicklv 
produced the equivalent of an aseptic carbuncle, with the typical swelling, redness 
and induration but with only tenderness instead of severe pain A single application 
of roentgen therapy erythema dose) was then given, and the entire mass 
promptly liquefied and discharged through a small opening During the following 
SIX months of observation, no further swelling appeared in this region or anj- 
whcrc in the deep cervical glands There were no circulatory or nervous dis 
turbances at any time 

The net result of all the treatments was an absence of distinct tumor masses 
or any increase of bulk in the affected side of the neck The tissues viere con 
siderably indurated by the repeated inflammations and obviously also by a thin, 
diffuse growth of tumor Three small sinuses were left, which discharged a tnlle 
of serous fluid All pressure symptoms were prevented, and as far as the neck 
was concerned there was no need for sedatives except briefly, at the time of the 
most strenuous treatments In contrast, the intrathoracic growth gradually pro 
duced marked edema and pain in the left arm, requiring large doses of morphine 
toward the end 


Comment — On the whole, this tumor w^as cliaractenzed by h'gh 
lesistance to arsenic and streptococcus toxin, in addition to the mechani- 
cal difficulties of infiltration The question of its possible response fo 
asphyxia remains unanswered From this single experience and on 
general principles, it appears fairly probable that any tumor mass, even 
of a radioresistant type and m an inoperable location, can be broken 
down by converting it into an aseptic carbuncle by injections of an) 
suitable inflammatory agents and then administering a moderate os 
of roentgen radiation The slough consists of the tumor and the m affl 
matory exudate, not the normal tissue, and blood vessels will presuina ) 
not be endangered unless there is actual mv^asion of their vva 
tumor The plan may possibly have some practical application in ca^ 
m which the direct pressure of tumor masses is serious Whet er a^^^ 
such local masses can be actually cured by the method is pro 
and may depend on the type of the tumor and other special con i < 
The conversion of a radioresistant into a radiosensitive tumor ap 


theoretically interesting 

Case 2— W H, aged 76 years, with senility, moderate a" 

degeneration, came to the dermatologic clinic of the Polyclinic squamous 

ulcerated cancer of the face which was diagnosed microscopica y location 

cell carcinoma The treatment of a reputedly radioresistant tumor J 
presented difficulties Permission to attempt it was granted Dy 
H Dillingham and A H Montgomery, in charge of the chnic 

At the time of the patient's admission to the hospital, Oct ' ’ m 

was a fungatmg mass 5 by 8 cm , with the appearance a" ° region under 
the accompanying illustration (A) On the following dav, wit 
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local anesthesia, Dr Robert E Brennan placed a temporarv ligature on the external 
carotid arten Attempts ^^ere then made to produce anemia ot the tumor b} 
means of speaal splints, a rubber bandage and air compression The effort had 
to be abandoned because of pain too great to be controlled b\ morphine and 
unsatisfactory arrest of circulation and also because direct pressure is different 
trom simple anemia and endangers the normal tissues too seriousi} The ligature 
was remo\ed from the artery, and the cer\ncal \\ound was closed 

On October 6 with the region under local procaine h^drochlo^de anesthesia, 
Dr Brennan made sj\ punctures through the skin about the periphery of the 



f lesion before treatment, B lesion after treatment 


^unior and 1 to 1 5 cm from its margin Rubber ligatures were passed through 
e Openings and tied, but theA left a little arculation in the tumor from the 
The ligatures were released after one and one-hali hour*^ 

^ ^ ere were slight darkening of the tumor and hx’peremia of the surrounding 

ucs There were also slight faaal pals^ and slight sloughing of superfiaal la\ers 
tbc tumor 

hu ^^ober 10, Dr Brennan again in^^erted rubber ligatures and thi« time 
^^pl' With a clamp under the center of the tumor, after which the 
thro tumor were lignted off wnth se\eral rubber ligatures pa«cd 

^ho^d Pteuous cutaneous punctures With the po«^tenor half tlic car w'a« 
^ dtpn\cd of circulation Complete a<:ph\xia was thu^ maintained lor three 
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and oiK-quarter hour*; On release, the tumor immediately showed the deep blue 
color of t\pical hemorrlngic congestion, while the normal tissues flushed bnght 
red, making a '^harp line of demarcation During the following davs there \va« 
an equal!} sharp slouglnng out of the tumor without loss of an} nonna! tissue. 
The ulcer healed rapidh , and the partial facial paralysis passed off completely 
within two to three weeks The result is shown in the illustration {B) 

The microscopic slides and the patient were seen b\ staff members at the 
Memorial Hospital, where it was first pointed out that a nonulcerated induration 
indicatuc of an extension of the tumor was forming at the margin of the mandible, 
sinclh outside the line of the former ligatures The patient w^as pleased and 
grateful but positncly refused any further surgical treatment for a lump which 
was gnmg him no mcoincnicnce When it reached the size of a large lima bean, 
he w^as persuaded to tr} an injection treatment This was based on the current 
doctrine that certain tumors are killed in their deep parts by an arsenic paste 
applied on the surface, b} a sclcctuc process wdiich spares the normal tissues 
In this c\cnt, the killing of the more remote parts of the tumor must be due 
either to the simple inflammator}" reaction or to a specific action of arsenic dis- 
solved in the tissue fluids Starting from this premise, 0 S cc of solution of 
potassium arscnite U S P w^as added to 60 cc of physiologic solution of sodium 
chloride together wuth epinephrine hydrochloride and procaine h 3 drocliIonde 
Small quantities were injected into the tumor approximately even" ten 
until the entire amount wms used up (in tw"0 hours) The firm tissue here afforded 
favorable plwsical conditions, because the w"hite w"heal created b}" each injection 
lasted an appreciable time, and sufRcientlv frequent repetitions maintamed a state 
of approximate bloodlessness through the entire period The infiltration au 
saturation of the tumor were also satisfactor}", w"ithout undue spreading ^ 
solubon In contrast to the violent reaction to any caustic paste, the later e 
was so trivial as to create the suspicion that nothing had been accomplis 
Within a few days, however, the tumor W"as found to have disappeared 
patient Ined, free from tumor, for two years and died of myocardial failure. 


Comment — Two comments in particular are suggested 1 A tunior 
in some other location would have been strongly preferable for a r 
trial of ligation, because there were inevitable misgivings that the ea 
might slough off The animal experiments, how^ever, seemed to 
sufficient assurance that the normal tissues could endure much 
than three hours of asphyxia This cancer happened to be killed vn ^ 
the same period as a mouse tumor, but other types might 
considerably longer time The specifiaty of the effect is 
displa)^ed in the destruction of tire tumor on the lobe of the ear 
any residual defect m the normal tissues of the ear 2 This 
obviously of a feeble type and a low grade of malignancy 
It was of a type known to be more radioresistant than some 
malignant types It is easily conceivable that this type of turnoff, 

IS killed by a simple injection of arsenic, might happen 
by a streptococac infection, but there are also records o ^n^^^ 
formidable tumors which have disappeared or receded 
infection Evidently, therefore, different types of tumor i 
larly in their susceptibility to various injuries 
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GENERAL COMMENT 

Cures of inoperable malignant tumors in man are attested b\ con- 
clusn e e^ idence and accepted b} conser\ atiA e authorities The complete 
cures or extreme recessions number into the hundreds and tall into 
two classes first, a icw cases in mIucIi malignant gro^^i:hs ha\e receded 
extensneh or disappeared completeh in connection '^Mth mild cellular 
reactions or under unkno\\n conditions,® and second, a much larger 
group in ^^hlch the recession or disappearance has resulted from se^ere 
infections, such as ensipelas (Fehleisen Coley) or peritonitis accom- 
panied b\ extreme fe\er and intoxication” With the impro\ements 
m surger}, ^hich ha\e abolished most of these complications, the cures 
of inoperable malignant tumor haA e also ceased Inasmuch as clinical 
clues ha\e always furnished the best guidance for advances in knowledge 
and treatment, it is important to emphasize the cures or remarkable 
recessions that haAe occurred in cases of extensue glandular iiiAohe- 
inent and ot peh ic cancer a\ ith Ausible metastases scattered oa er w ide 
peritoneal areas Apart from the spontaneous recessions the salient 
therapeutic point is found in the numerous assertions tliat the drastic 
use of heat in particular and to a less extent of caustics and other 
agencies ® maA be folloAAed by death of deep tumor cells AAhich haAC not 

6 Rub€ns-Du\^I, H Considerations sur les reactions de Porganisme a Pegard 
du cancer et la therapeutique anticancereuse Progres med , 1931 pp 609-619 
Hodenp\b E Treatment of Caranoma wnth the Bod\ Fluids of a Recovered 
Case, M Rec 77 359-360, 1910 Handle^, W S The Natural Cure of Cancer, 
Ent M J 1 582-589, 1909 Alackaj, C G A Case That Seems to Suggest a 
Clue to the Possible Solubon of the Cancer Problem, ibid 2 138-140, 1907 

7 Rohdenburg, G L Fluctuabons in the Growth Energy ot Nfalignant 
Tumors in Man with Espeaal Reference to Spontaneous Recession T Cancer 
Research 3 193-225, 1918 DeCourc\ J L Spontaneous Regression or Cancer, 

Med 14 141-146 1933 Rosenrauch, C A propos de Pervsipele ^alutaire et 
dc son action therapeutique sur les tumeurs mahgnes, Clinique Pans 28 324-326 
19o3 Fehleisen, F Die Aebologie des Er\ sipcls, Berlin, T Fischer 1883 , ated 

Cole\ Cole\, M B The Treatment of Malignant Tumors b^ Repeated 
Inoculations of Er\<;ipelas with a Report of Ten Original Cases Am T M Sc 
105 487-511, 1893 Lindenstein L* Bemerkungen zu der Arbeit \on Pnm Dr 

Mullcder “Als Beitrag zum Kapitel Er\ sipel und Karzinom Zentralbl f 
pir 59 2531-2532 1932 Mulleder, A Als Beitrag zum Kapitel ^‘Er^ -^ipel und 
Earzinom; ibid 59 1684-1685, 1932 Lomer, R Zur Frage der Heilbarkeit dcs 
Caranoma Ztschr f Geburtsh. u G\mak 50 305-384 1903 Mohr H Uebcr 
P^^ntane Hcilungs\organge beim Karzinom, Therap Monatsh 17 553-r60 1903 

S Thcilhaber A Zur Lehrc ^ on der Spontanheilung der Karzinome, Deutsche 

Mchnschr 38 1240-1241, 1912 Watson T But>ric Aad in the Treatment 
P Cancer Lancet 1 746-748, 1933 B\rne, J A Digest ot Twenb Year*; 
^^Poncncc m the Treatment of ancer of the Uterus b^ Gah'ano-Cauten Am T 
:>2 10^2-1053, 1889 Vaginal H\sterectom^ and High Amputation, or Partial 

Mirpation b\ Gal\*anocauter\ in Cancer of Cem\ Uteri An Inquin into Their 
H Atuc Mcnt^ Brookhn J 6 729-760 1892 Tr Am G^ncc Soc. 17 3-41 1892 
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been clncctly touched by the cautery or other agent Ml these birarre 
reports can be unified and utilized more intelligently with the under- 
standing that the piodiiction of a ceitain kind and degree of inflam- 
matory reaction is the essential basis of all eftective treatment of this 
kind 

The pimcipal new viewpoint to suggest, therefore, is that the 
examples of infectious cure of neoplasms have been in the main mis- 
interpreted and that the curative agency which was sought in the form 
of a s3'stemic intoxication is really to be found in the local inflammatory 
leaction It is impossible to overlook the similarity of action of ligation, 
arsenic and streptococcus or other bacterial toxins in causing edema, 
inflammation, capillary permeability changes and sometimes hemor- 
rhages A severe local infection often creates tumefaction and indura- 
tion, which IS illustrated on a large scale in a carbuncle The pressure 
and lack of circulation in the interior may reach the point of necrosis, 
but in the zones outside this there must also be an abnormal state of 


circulation and cell nutrition This state of partial asphyxia seems to 
favor destruction of the tumor in somewhat the same way as does 
ligation On the other hand, strong sodium chloride solutions and 
similar irritants produce an inflammatory aiea which is bright red 
throughout This type of inflammation never destroys experimental 
tumors and may even hasten their growth, and the same may be true 
of some types of infection 

Theie appear to be at least five illustiations of efficient protection 
against tumors by local tissue reactions 

1 The local “immunity” conferred by light roentgen therapy against 
implantation of experimental cancer ^ 

2 The cure of certain cancers by local applications of arsenic and 
other chemicals The mode of action of these substances is still uncer 
tain Granting, however, that there is a destruction of deep cells not 
m direct contact with the medicament, it seems scarcely probable that 
such a diverse group of substances should all be specifically toxic or 
tumor cells in distinction from normal cells , but all these substances 
share the common property of setting up inflammatory or tissue reac 
(-ions, which may plausibly account for the selective tumor destructioi 


0 Da Fano, C Zellulare Analyse der Geschwulstimmunitatsrcaktion, 
I„Ln.,»«f<.rsch 5 1-75,1910 Murphy, J B , and S.™ E J The 
rte in Natural and Induced Resistance to Transplanted Cancer n 

fflt on Resistance to Transplanted Cancer in Mice, J Exper Med "w , „„ant 

Wohv J B The Lymphocyte m Resistance to Tissue Graftmir. Ma 
isease,'and Tuberculous Infection, Monograph 21, Rockefeller Institute or 

esearch, 1926 
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3 The cure ot transplanted mouse tumors b} injections of starch 
(Chambers and Grand through a l}mphoc}1:ic reaction m line \Mth 
earlier tlieories,® and tlie slightly different natural defensne reaction in 
resistant animals 

4 The spontaneous recession or cure of malignant tumors in human 
patients,^- sometimes under slight or unkno^^n influences but mosth 
due directl} to se^ ere infection or inflammation 

5 The partial or complete breakdo^^n of tumors follo^\ing the 
asplno^ia produced b} ligation 

These reactions appear to differ m character and degree Nos 1 
and 3 are mild in their effects and apparentl} feeble in potency , the 
tissue reaction to roentgen therap} is not accepted by authorities as 
curative, tlie reaction to starch seems to cure onh the lughly sensitive 
mouse tumors, but some equally mild accidental reaction may ha\e 
cured a few especial!}^ sensltl^e human tumors The other curatne 
reactions, to ligation, caustic applications and infections, are more ^aolent 
and apparently more powerful Arsenic may hold an intermediate 
place, since the ordinar}’’ arsenic pastes set up se\ ere inflammation, but 
arsenic solutions cause minimal irritation, and in case 2 (this paper) 
it pro\ed possible to cure a feeble tumor b} arsenical infiltration together 
^Mth partial anemia It is only by rare accident or in the case of the 
feebler tumors that any of the aforementioned tissue reactions alone 
suffices to effect a cure The best results seem to be promised b} 
suitable combinations To some extent e^e^} foreign or new growth 
seems susceptible to this form of attack Thus, both tumor tissue and 
normal granulation tissue break dowm under hgation, and when a tumor 
Js comerted into an inflamed mass b}’’ repeated injections of toxin a 
roentgen treatment liquefies the tumor and the inflammator} exudate 
hut not the normal tissues 

ObMoush, this entire work is strictly in an experimental stage 
E\tensne research is necessar} to dlsco^er tlie nature and the most 
faiorable forms and combinations of the agents for proioking tissue 
reaction Actual hgation is seldom applicable, and, though the possi- 
hiliti has been suggested for certain bone sarcomas, man} contingencies 

JO Chambers, R, and Grand, C G The Effect of Injecting Starch Grams into 
rnnsplanted Tumors, Am J Cancer 29 111-115 1937 

JJ Rou-^sa, G , Lerou\, R, and Pe\T‘e, K Le cancer de goudron chez la 
'^ouns Prc^«;c med 30 1061-1065, 1922 
Footnotes 6 and 7 

(a) Sittcnfield 2^1 J A Method to Render Radioresistant Tumors Radio 
"coMtuc Radlolog^ 22 490-492, 1934 {h) Mien, F M Local A<ii>Inxna and 

ffradiatjon of Transplantable Rat Tumors, Am T Roentgenol 42 74-- 
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of failute 01 dangei must be giavcly considered It seems justifiable 
to make tests of isolated superficial nodules in cases of inoperable tumor 
in order to Icain the response of different tumor types, with the fore- 
knowledge that problems of technic remain to be solved and that some 
tumors may prove entirely resistant The combination of toxrc inflam- 
mation and loentgen therapy^'”' may approach closer to practical 
application, for example, m breaking down gross masses, as has been 
suggested Furthermore, when a surgeon removes a radioresistant 
tumor and suspects metastases in a definite area, he commonly goes 
through the ceremony of ordering roentgen treatment, hoping that it 
will help while knowing that it will not It is theoretically possible that 
the production of a suitable kind and degree of inflammation may sensi- 
tize the subject m such a manner that the roentgen rays can actually 
kill metastases in certain regions, for example, the chest wall, the neck 
or the pelvis 

SVMMAR\ AND CONCLUSIONS 

Resistance to asphj^xia varies with the type of tumor and perhaps 
with the animal species but not in any uniform way with the foreign 
or native origin of the tumor Some spontaneous tumors aie far more 
easily cured by asphyxia than are some transplanted tumors 

An account is given of 2 patients in whom tumors were treated by 
asphyxia or by chemical methods aimed to produce similar local reactions 
The tumor in 1 of the cases was highly resistant In the other case, 
the main mass of a squamous cell carcinoma of the skin was made to 
disappear by temporary asphyxia, and a similar result occurred in tie 
remaining portion after infiltration of a nonirritant arsenic so utioi 
under such pressure as to maintain relative anemia for a penod 

The principal general deductions are (a) that the great 
nonoperative cures or recessions of malignant tumors reported ^ 
literature can be brought into unified comprehension on the basis o ^ 
reaction in the normal tissues, usually associated with inflamma i 
and (b) that the cure of properly selected tumors may 
favored by the adjuvant action of two or more agents ten mg o 
up this reaction Further investigation along this line is belieie 
warranted not only by the present results but by this interpre 
of the literature 



SPLENECTOAIY IN THE TREA.TMENT 
OF BANTFS SYNDROME 


E H BARG, MD 

AND 

T DULIN, MD 

lOW A CIT\ 

Since 1922, 43 patients ha'se fulfilled the requirements for a diag- 
nosis of Banti's s}Tidrome at the State Um^ersity Hospitals Halt of 
these patients Mere treated by splenectom}, and the remainder were 
treated consen^atneh A comparison of the two groups was made in 
an effort to determine the effects of splenectom} 

This S}Tidrome was separated from other splenic enlargements b} 
Banti ^ m 1883, 1894 and 1910 and is frequentl} spoken of as Banti s 
disease In 1900, Osier - reported a series of cases of a similar condi- 
tion, which he called splenic anemia The two terms are used inter- 
cliangeably both in tlie United States and on the Continent The 
English and German authors resene the term Banti's disease lor the 
ad\anced condition, wnth marked cirrhosis of the In er Amencan wnaters 
^Eo include under the terms splenic anemia and Banti ^s disease 
splenomegah wuth anemia caused b} s}qihilis, tuberculosis and malaria 
The cause of Banti's disease is unknown Banti and nlan^ workers 
(^ates. Bunting and Knstjanson,^ Gibson and PeeU) ha^e attempted 
the isolation of causab\e micro-organisms Recent etiologic theones 
include arculator^ obstruction, sucli as direct or indirect stasis of the 
splenic A ein as described b} Rousselot ° in 1936 

In this senes there were no speafic pathognomonic changes in the 
spleen The spleen retained its normal gross contour In the cases in 
''Inch we operated the average weight ot the organ was 800 Gm The 

From the Department of General Surger\ State Unnerslt^ Ho’^pital*^ 

1 Farlc\ D L Banti’s Disease in Piersol, G , Bartz E L and others 

^'clopcdia of Medicine, Philadelphia, F A Da\ns Compan\ 1932 \ol 6 p 680 

2 04er, W Am J Sc, 119 54, 1900 

^ 'Vates, J Bunting C H, and Kn^^tjanson, H T The Etiology oi 

splenic \ncmm or Banti’s Disease, J \ M A 63 2225 (Dec 19) 

Gibc^on, \ G Quart T Med 7 153, 1914 
Peel \ 4, r T Path Bact 31 591, 192S 
6 Rou<;^clot L Af Role of Congestion (Portal pcrtencion) in So-Called 
^nti ^ S\Tjdrome Qnncal and Pathologic StudN of ThirtN-One with Late 

rollowing Splencctonn, T \ M A 107 1788 (\o\ 28) 1936 
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surface was usual!) cm ercd ^Mth vascular adhesions, and the capsule was 
markedly thickened I here was an inci eased amount of fibrous tissue in 
the splenic framework and pulp frequently the splenic vein showed en- 
denccs of phlebitis, thrombosis or phlebosclerosis We have observed 
at the time of operation several instances in which the splenic vein 
was greatl}' enlarged On microscopic examination of the spleen there 
was marked fibrosis , the malpighian bodies were small and widely 
separated, and siderotic nodules were Irequent In the liver var)'ing 
degrees ot lobular cirrhosis were observed 


Since Banti’s original description the disease has been divided into 
three stages In the first stage the patient has splenic enlargement with 
or without mild secondary anemia It has been thought that this stage 
lasts from three to five years The second stage follows, is transitory 
and consists of increase of the symptoms and signs observed in the 
first stage plus hepatic enlargement, occasional attacks of icterus and 
pain in the upper part of the abdomen In the third, or terminal, stage 
the hepatic symptoms predominate, with the appearance of ascites and 
esophageal or gastric hemorrhages Because of the difficulty m the 
division of these stages, a more satisfactory classification divides the 
disease into a nonascitic and an ascitic stage 


Although in this series the syndrome usually appeared m the third 
decade of life, the patients varied from 5 to 75 years of age, 6 being 
children under 16 years of age The average age of the surgically treated 
group was 35 years, and that of the group on whom no operation was 
performed was 43 years The two sexes were about equally affected 
The duration of symptoms averaged five years in the group on whom 
splenectomy was performed and four years m the group that did not 
undergo splenectomy 

The onset of the symptoms was often insidious Gastroesophageal 
hemorrhages were often the first manifestation of the disease Suci 
hemorrhages are due to a rupture of gastroesophageal larices and ma) 
be small and repeated or massive with occasional exsanguination 
diagnosis of hemorrhage may be based on hematemesis or on the fin m? 
of blood m the stools In our senes 39 per cent of the patients la 
hematemesis This represents a smaller per cent of cases of ^ ce 
from varices than was reported m Chaney's' or Pembertqns 
Epistaxis occurred m 25 per cent of the cases Owing to the pensp e 
tis, recurring attacks of pam in the left upper abdominal qua 
frequent Occasionally the patient complained of graduall} me 
size of the abdomen, due to the enlarged spleen, to the enlarging 


7 Chanev, W C Am J M Sc 165 856, 1923 
S Pemberton, J de J -^nn Surg 94 755, 1931 
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to asates or to a combination of the three Edema ot the lower 
extremities occurred late in the course ot the disease Icterus rareh 
appeared Low" grade fe\er, with temperatures \arMng from 100 to 
102 F, was present m 32 of the cases 

The degree of anemia increased with the duration of the disease 
and the frequenc} of hemorrhages The a^erage red blood corpuscle 
count w'as 2,930,000 per cubic millimeter, and the hemoglobin content 
of the blood was 50 per cent of the normal In addition to the anemia 
there w"ere associated leukopenia and ^elatl^e l}Tnphoc}i;osis The 
a^erage leukoc\te count was 3,700 per cubic millimeter, wnth relatne 
hTnphoc'slosis in 15 instances L^Tnphocvtosls (50 to 60 per cent 
hTnphoc\tes) w^as common In 47 per cent ot cases the blood platelet 
count w"as below normal The coagulation time bleeding time, clot 
retractilit} and fragility of the red blood corpuscles were wuthin normal 
limits In 3 instances the assermann reaction of the blood w as posi- 
tne for syphilis The condition in these cases was classified as s}philitic 
Banti^s disease, and the patients received treatment for syphilis in addi- 
tion to splenectom} 

The diagnosis is usualh made b} exclusion Among the more 
common entities which ma\ simulate the condition are the leukemias, 
Hodgkin's disease, familial and acquired hemohi:ic icterus, pernicious 
anemia, thrombopenic purpura, Gaucher s disease and Xiemann-Pick 
disease In cases of cirrhosis of the liver with secondar} splenomegah 
it ma^ be impossible to differentiate the two conditions It is thought 
that in the last-mentioned condition the cirrhosis is pnmar\ and the 
splenic enlargement is secondar}" Occasionalh , differentiation betu een 
earl} Banti's disease and unusual t}’pes of tumor masses in the left 
upper abdominal quadrant is difficult Retropentoneal sarcoma, h}per- 
uephroma, pancreatic tumor and enlargement of the left lobe of the 
h\cr ha\e been confused preoperati\el} with splenomegah Our dem- 
onstration of the splenic notch b} plnsical examination was inaccurate 
ni mam of these cases 

Splenecetoni} was performed on 22 patients, with 6 operative deaths 
Postmortem examinations were performed on all 6 Three ot the 
deaths occurred in pabents o\er 60 }ears of age In 3 of the 6 the 
disease was in the nonascitic stage Three of the deaths were a result 
ot hemorrhage occurring Irom the operatne site One patient, who 
died On the eighth postoperati\ e da\, was found to ha\c massue throm- 
hoMs of the superior and inferior mesenteric ^ eins In 1 instance death 
occurred on the tenth postoperati\e da\ as a result of multiple pulmoiiarA 
uifarcts III bie sixth instance, death (of a patient 66 \ears ot age) 
due to cardne failure Two additional patients died m the hospital 
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In 1 instance death was due to hemorihage from the deep epigastric 
Aessels following a paracentesis In the other the patient died Pvo 
months postoperatively of a massive hemorrhage from a ruptured 
esophageal van\ 

Of the 14 patients who left the hospital, 12 have been followed 
At the time of writing, 3 have died from gastroesophageal hemorrhage 
and 1 from an unknown cause Four are alive and have been free of 
all S3unptoms for nine years, seven years, five years and two years 
since splenectomy Two are much improved after three years and one 
3 ^ear respectively, their only' complaints being weakness and malaise 
One of the remaining 2 patients states that she is symptomatically well, 
however, she has had occasional esophageal hemorrhages during the 
ten years following splenectomy^ The remaining patient has lived five 
3 ’'ears and in this interval has had several minor esophageal hemorrhages 
and requires frequent paracentesis Two of the 5 patients who prc- 
operatively had gastroesophageal hemorrhages have continued to have 
such hemorrhages In 4 patients this symptom developed for the first 
time after splenectomy, resulting in death in 3 instances One of these 
IS of interest because the hemorrhage first appeared eight years after 
operation 


Splenectomy had a favorable influence on ascites Of 6 patients 
who preoperatively had required repeated paracentesis, only 1 has 
continued to have reaccumulations of abdominal fluid The others have 
had no recurrence for seven years, five years, three years, two years 
and one year respectively In the nonascitic group no instance of 
ascites occurred postoperatively 

There were no permanent ill effects attributable to removal of the 
spleen The blood platelets rapidly rose, occasionally to 2 5 per cent 
volumetncally, and gradually returned to a relatively normal level over 
a period of weeks The red blood corpuscles were temporanly 
The early leukocytic response varied, the counts ranging from f5> 
to 40,000 white blood cells per cubic millimeter, with a decline to norma 
within four weeks In a few instances there was a slight increase in t ic 
fragility of the red blood corpuscles 

Of the 21 patients on whom splenectomy was not performed, 6 
known to be living Two have had fair general health for nine year^ 
and four years respectively The latter has an occasional small ga 
esophageal hemorrhage In the remaining 4 cases the 
diagnosed within the last two and one-half years Two of P* 
have had a progressive increase in their symptoms F e^ e^ 
o-roup are kmowm to be dead One lived for three years, and , 


others died within one year after discharge from the hosp 
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COMAIEM 

c 

From our reMe^\ of these cases of Banti s disease, ^^e belie\e that 
splenectoni} is the treatment of choice and should be performed m the 
earh stages The procedure ma\ be contraindicated for elderh patients 
because of tlie high operatne inortalit}" Houe^er 3 of our patients 
who were o\tr 60 years of age ha^e been greath lmpro^ed after opera- 
tion In our experience splenectoni} , for some unexplainable reason 
has rebel ed the patients of their ascites Whether this is due to a 
lessening of the circulator} load through the Iner has not been proAed 
Undoiibtedh an extensive collateral circulation is dei eloped between 
the region of the splenic bed and the abdominal panetes e do not 
perform an omentopexi although m some of our recent cases the 
greater omentum has been rotated into the splenic bed, as it is felt that 
this increases the collateral circulation Splenectom} has not assured 
relief of gastroesophageal hemorrhages In general, patients with 
rapidh de\ eloping symptoms before operation respond poorh to 
splenectom\ 

SUMMAR\ 

Fort} -three cases of Banti's syndrome were reviewed 
Splenectoni} was perfonned on 22 patients ^ 

There was an operatne mortahU of 27 per cent 
Hemorrhage from the operatne site accounted for 50 per cent of 
the mortalities 

Duration of life was prolonged after splenectoni} 

Ascites was rehe\ed after splenectoni\ 

Gastroesophageal hemorrhages frequenth continued or appeared for 
the first time after splenectom^ 



DEMONSTRATION OF A CAPILLARY PERMEA- 
BILITY FACTOR IN TISSUE EXTRACTS 
FROM NORMAL RABBITS 


R H RIGDON, MD 

NASHVILLE, TENN 


Recently it lias been shown that trypan blue after intravenous injec- 
tion localizes and concentrates in areas of inflammation produced by 
the local application of xylene m the rabbit’s skin only when the dye is 
given immediately or within approximately three hours after application 
of the irritant Three hours after application of the xylene the skin 
shows all the cardinal features of inflammation A second application 
of xydene to this area of inflammation immediately before the intravenous 
injection of trypan blue apparently produces some change in the tissues 
and capillaries that permits the localization and concentration of the dye 
in the area ^ 


The studies of Rous and Smith ^ have shown that colloidal dyes 
escape from the capillaries in the skin and the adjacent part of the 
venules A definite gradient of permeability occurs in the small blood 
vessels After local application of an irritant the d>e escapes from a 
larger portion of these same vessels than occurs under normal conditions 
The rapid accumulation of trypan blue in areas of skin recently treated 
with xylene suggests either that xylene acts directly on these capillaries 
and venules or that an intermediate substance is liberated by the tissue 
which acts on the endothelium of the capillaries to make them more 
permeable to this colloidal dye 

The failure of trypan blue to localize and concentrate in the skin after 
an intradermal injection of xylene may indicate that the substance 
responsible for the increase in capillary permeability is present on } 
in the squamous epithelium At least, it appears that it is present m 
greater quantity in the epithelium than in the dermis 


From the Department of Pathology, Vanderbilt University Medical School ^ 
Aided by a grant from the Division of Medical Sciences, RocKcf 
Foundation 

1 Rigdon, R H Capillary Permeability in the Skin of the Rabbit, 

Soc. Exper Biol & Med 42 43-45, 1939 

2 Rous, P, and Smith, F The Gradient of Vascular PermeabiliU ora 
Along CapiHanes and Venules of Frog Skin, J Exper Med 53 219-- -i 
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This tlieoretic substance diflFers from leukotaxme m that it is present 
in saline extracts from normal tissue, while leukotaxine occurs onh m 
areas of inflammation, according to Alenkin ^ 

The present stud} is a report of the demonstration of a substance 
obtained from a saline extract of normal rabbit tissues w Inch w ill produce 
an increase in capillary permeabilit} after intradennal injection in the 
rabbit, as shown by the localization and concentration of tr}pan blue 


MATERIAL A^D METHODS 

The tissues which ha\e been most frequentl\ studied are skin, muscle and 
testicle These are cut into small pieces and then pounded in a mortar wath a 
pestle. Saline solution is added dunng this process of maceration The extracts 
are then centnfuged, and the supernatant fluid is used for intradermal injection 
into the skin of normal rabbits 

In the earlier preparation of the extract no definite quantitA of either tissue or 
saline solution w'as used , how er, in the later expenments the following arbitrarv 
amounts were employed 


Group A 


Group B 


light, Gm 

Saline Solution, Cc 

AVeight, Gm 

Saline Solution, Cc. 

10 

15 

23 

15 

12 6 

20 

190 

20 

12 6 

25 

10 0 

20 

: the crude leukotaxine which 

;Menknn ^ obtained from inflamniatorv 


Testicle 

Skin 

Afuscle, 


exudates w^th the extracts of normal tissue, 0 7 cc. of a 10 per cent concentration 
ol croton oil m oli\e oil w'as injected into the left pleural ca\nt 3 of the same rabbit 
rom which the tissues were remo\ed from group B The oil was injected fort>- 
ree hours before the animal was killed, Approximateh 45 cc of clouds 
straw-colored fluid was aspirated from the pleural ca\Tt\ This fluid was centri- 
^5^ f and the supernatant liquid was tested for the permeability factor The 
for the pleural exudate was made by thoroughly mixing 0 7 cc 
tI oiI-oli\e oil mixture wrth 45 cc of saline solution 

c rabbits were carefulK sha\ed tw^enU-four hours before the difference 
preparations’ were injected intradermally Two-tenths cubic centimeter of the 
ract liquid was injected at different mtenals before 10 to 15 cc, of either a 
oFt^^ or a 04 per cent solution of tr\*pan blue was injected into the \eins 
Some^ carefully observed before and after injection of the d\e 

sUn*^ animals were killed, and histologic sections were made from the 

m to studv the relation of the local accumulation of leukoevTes to the localization 

concentration of trvTan blue. 


EXPERIMENTS 

Tw 

^bbit«; were gi\en injections of 02 cc oi the three tissue extracts m 
following interv*als before 10 cc of a 02 per cent suspien'^ion of 
^ gi\en intra\enoush area 1 three hours area 2 two hours and 

d'c d\ 4 the injection was gnen immcdiatelv before injection oi 

went\-fi\e minutes later trvpan blue w*as pre^^ent in areas 2 3 and 4 


^^enk^n \ Studies on Inflammation J Exper Med 64 485-502 


1936 
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where tlic skin extract had been injected and only m areas 3 and 4 where the testicle 
extract liad been given No d}c was present in any of the four areas where 
the muscle extract had been injected 

The three tissue extracts in group A were diluted in saline solution as follows 
1 10, 1 100 and 1 1,000 Two-tcntlis cubic centimeter of each was then injected 
into the skin of tlic same 2 rabbits approximate!}^ thirty minutes before the dye 
was gi\cn Twenty-five minutes later a small amount of try'^pan blue was present 
in the areas where the 1 10 dilution of both the cutaneous and the testicular 
extracts had been injected m 1 of the 2 rabbits No dy'^e was present in either 
ot these areas in the second rabbit No dye was present in any of the areas 
witerc the muscle extract had been injected in either of the 2 animals 

One cubic centimeter of each of the three extracts in group A was placed in 

each of four test tubes (1 by 10 cm ) These were then placed in a large boiler 

oi water, and the temperature was gradually brought to 60 C Ten minutes later 
one tube of each senes was removed , after thirty minutes a second was removed, 
after forty minutes a third was removed and after sixty minutes the fourth w'ss 
removed The extract of muscle w^as coagulated when the first tube was removed 
fiom the water batlv The extracts of skin and of testicle became cloudy at tlib 
time, but they never coagulated Two-tenths cubic centimeter of these heated 

tissue extracts was then injected intradermally into the same 2 rabbits approM 

mately^ thirty minutes before the try^pan blue was injected Twenty-five minutes 
later the dye was present m all of the areas into which the heated cutaneous and 
testicular extracts had been injected in rabbit 1, while no dye was present m 
either of the areas in the second rabbit It is obvious from these experiments 
that rabbits vary in their susceptibility to the substance responsible for the 
increase in capillary permeability 

The tissue extracts m group A were injected intravenously into 2 rabbits to 
study'' their effect on the blood pressure The rabbits were anesthetized wdb 
pentobarbital sodium, and a cannula was put into the carotid artery One an 
five-tenths to 4 cc of the different extracts was injected into the marginal veins 
of the ear The blood pressure was not affected by any of the extracts. 

There was a variation in the rate of diffusion in the tissues of the di 
extracts When testicular extract was injected intradermally the bleb 
disappeared The area of blue which developed after injection of 
progressively^ increased in size in the areas where testicular extract was j 

Trypan blue localized first and the greatest quantity^ in the areas of 
with the skin extract, however, the dye did not spread as it did m t 
treated with testicle This variation in the localization of trypan b ue 
of skin treated with injected testicle extract as compared with skin ex 
interesting in view of the characteristics attributed to testicular extra 
Hoffman and Duran-Reynals ** ^ 2 

The results obtained from the injection of the extracts m group 
labbits were the same as those observed with the extracts m group ^ 
blue localized in the areas of skin treated with the skin and tcstic e c 
did not localize where either the muscle extract or the pleural exu a 
injected The dye did localize, however, in the areas where the sa m 
of croton oil and olive oil had been injected These 2 _ rcmovc<I 

minutes after injection of the trypan blue, and sections of s m 

4 Hoffman, D C, and Duran-Rejnals, F The T J:^pcr 

Extract on the Intradermal Spread of Injected Fluids an a 
Med 53 387-398, 1931 
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fiom the four areas treated with the extract of skin and from the four areas treated 
with the extract of muscle There was a greater number of Ieukoc\tes m the 
tissue where the skin extract had been injected than there was in the areas 
of tissue treated with the muscle extract e\cn in the same rabbit There were 
essentialh no Ieukoc\tes in the tissue where the extract of skin had been injected 
immediateh before the d^e was gnen \ tremendous number of poKmorpho- 
nuclear Ieukoc^tes were present, howe^er, in the area where the skin extract had 
been injected two and a half hours before the d>e was gi\en As has been 
stated trvT)an blue did not concentrate in the areas treated with the cutaneous 
extract two and a half hours prior to injection of the d\e 

Skin from a normal rabbit was macerated in saline solution and centrifuged, 
and the supernatant fluid was filtered through a Berketeld V candle This sterile 
filtrate contained a substance that produced an increase in capillary permeabihl} 
Saline extracts of the luer and kldne^ also showed in the supernatant fluid a 
little of the substance which produces an increase in capillars permeability The 
quantits howe^e^, was much less than that present in extracts of the skin and 
testicle 


COAIXIE^T 

The demonstration of a substance in the saline extract of normal 
rabbit tissue that produces an increase in the pemieabilits of the capil- 
laries in the skin of the rabbit is interesting in new of ilenkin's work 
on leiikotaxine j\I\ results confirm those of Bier and Planet ^ 

Leukotaxine, according to j\Ienkin ^ is obtained from tissue that is 
the site of an inflammator} reaction AAHien injected intradermalh it 
causes an increase in permeabilit} as show n h\ the localization and con- 
centration of tr\ pan blue and also it produces a rapid emigration ot 
leukocytes into the part Leukocytes also appear in the tissue where 
the extract of nonnal skin is injected howeyer when the greater number 
of leukocytes are present trypan blue fails to concentrate in the area 
The fact that trypan blue fails to localize and concentrate in all areas 
of inflammation produced by xylene suggest that the mechanism by 
"hich the capillanes become more penneable may not be the same as 
that responsible for the localization of leukocytes m areas of inflamma- 
tion The two processes may hoyyeyer occur together 

The failure of try'pan blue to concentrate in areas of skin treated 
''ith injected extracts of skin and muscle yyhen the dye is injected three 
houfi, after intradermal injection ot the extracts is interesting in yieyy 
of prcyious experiments m yyhich xylene yyas applied to the skin ® The^e 
ha\e shoy\n that trepan blue does not concentrate in xylene-treated areas 
of "^kin yyhen it is giyen intray enoush approximately three hours after 
’'pphcation of the irntant 


^ l^Jer O and Planet X Sur h pre^^ence dun factcur qui auirmcntc la 
Hmicabilitc capillaire dans les extrait<^ de peaii normalc Compt rend Soc dc 
129 65 67 1938 

^ Kigdon R H Capillan Permeab IiU in Area< of Inflamimticn Pro- 
^ bv \\Rne Arch Surg thi<; i<;<ue p 101 
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1 lie wide variation in amount of the permeability factor in the differ- 
ent tissues suggests that the failure of trypan blue to locahre in an area 
where xylene is injected intradennally may be due either to the small 
quantity of this substance liberated from the tissue in the subderinis or 
that the caj^ilaries are too few in this area to permit escape of a sufficient 
quantity of the dye to color the tissue 

It IS possible that the same peiineability factor may be present m 
both the cutaneous and the testicular extract The vanation m staining 
of the area with tryjian blue may result from a difference in diffusion of 
the two extracts The testicular extract may contain one or more sub- 
stances that influence the rate of diffusion and only one that produces 
an increase m permeability of the capillaries 

The capillar}' peimeability factor present in the extracts of skin and 
testicle resembles the spreading factor of Duran-Reynal in that both are 
thermostable and filtrable These tissue extracts when injected uitra- 
venously in normal rabbits have no effect on the blood pressure Leuko- 
taxine, according to Menkm, may produce either no change or only a 
transient and practically negligible fall m the cat’s blood pressure ^ 

Trypan blue, when given intravenously after the mtradermal injec- 
tion of 2 mg of histamine diluted with distilled water, localizes about 
the margin of the bleb The same dye localizes in the center of the areas 
treated with the injected extracts of skin and testicle Subsequent studies 
will be necessary before any comparison of the substance obtained fron’ 
saline extracts of normal skin and normal testicle can be made wi 
histamine and leukotaxme These crude extracts of normal rabbit tissue 
will be purified according to the method used by Menkm ® to obtain 
crystalline leukotaxme 


summary 

A substance has been obtained from the skin, muscle and 
normal rabbits which produces a local increase in capillary 
as manifested by the localization and concentration of trj'pan blue 
substance is obtained by macerating normal tissue in saline solution 

7 Menkm, V, and Kadish, M A Studies on the Plijsiological Effect 
Leukotaxme, Am J Physiol 124 524-529, 1939 

8 Menkm, V Studies on Inflammation, J Exper Med 67 i-^- 



CAPILLARY PER^IEABILITY IN AREAS OF 
INFLAMMATION PRODUCED BY XYLENE 


R H RIGDON, M D 

\ASH\ILLE, TE^^ 

The smaller blood Aessels m areas of inflammation sho^^ an increase 
in permeabilit}^ as manifested b\ an increase m the How of fluid from 
the capillanes into the tissue spaces This increase in permeability ma^ 
also be shown b} the localization and concentration of coUoidal d}es 
Man} investigators^ have obseiwed the localization and concentration 
of blood-bome material in areas of inflammation Burrow s - has recentl^ 
stated that ‘‘wdienever inflammation occurs and from w^hateyer cause, an 
increased permeability of the capillaries may be expected ” Menkin " 
has also frequently emphasized the fact that tr}'^pan blue and other dyes 
after intrayenous injection promptly accumulate m areas of inflammation 

Recentl} I repiorted that trypan blue and india ink do not aJyyays 
concentrate m areas of inflammation produced by local application of 
^ lene to the skin of rabbits These substances concentrate m such 
areas onl} yyhen the} are injected into the circulation immediately’’ or 
'yithm less than fiye hours after application of the x}lene The skin 
treated y\ith this irritant after fiye hours shoyys all the macroscopic and 
microscopic changes associated yyith inflammation 

In the present study observations hay’’e been made on the locahza- 
tion (after intray ascular injection) of tiwqian blue, india ink, antitoxin 
and yaccine yirus in the areas of inflammation produced by local appli- 
cation of xylene to the skin of the rabbit 

From the Department of Patholo^ Vanderbilt ljni\ersit) ^Medical School 

•^ided h\ a grant from the Di\TSion of Aledical Sciences Rockefeller Founda- 
tion. 

1 (a) Kettle, E H The Demonstration b\ the Fixation >\bscess of the 
^nfluence of Silica in Determining B Tuberculosis Infections Bnt J Exper Path 
» 158-164 1924 (b) Hanger, F M , Jr Effect of Intra\enous Bacterial 

on Skin Tests and Local Infections, Proc Soc Exper Biol & Med 
25 775 777 1928 (c) Meiiknn V The Accumulation of Iron in Tuberculous 

yeas ,bid 27 1020-1022, 1930 Studies on Inflammation J Exper Med 50 
kl-lSO, 1929 

- Burrows H Some Factors in the Localisation of Disease in the Bod\ 

^ timore, \\ ilham AVood Compan^ 1932 

3 Mcnknn, V Role of InflammaUon in InimumU Ph\Mol Re\ 18 366-418 

ivoS 

Bigdon R H Capillarv Permeabilirv in the Skin of the Rabbit Proc Soc 
"‘Per Biol Med 42 43 45 1939 
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LOCALIZATION AND CONCCN fRATION OF TRYPAN BLLE IN 
\\ LENL-TREATED AREAS OE SKIN 


Xjlcne was applied on a cotton swab to areas of normal skin The degree 
of injurj' jiroduced bj tins irritant is relativel}' uniform in the different areas of 
the same rabbit and also in different rabbits X 3 dene was applied to the skin 
of a single rabbit at intenals \ arming from immediatelj to fort 3 '^-eight hours before 
the d 3 'C was injected The skin usuall 3 ' became hvperemic within two or three 
niinutes after application of this irritant, and frequentb" it was edematous within 
ten minutes The edema and h 3 peremia remained foi several da\s, after w’hich 
time the epithelium desquamated Polymorphonuclear Ieukoc 3 ytes apparently be^n 
to infiltrate the dermis within ten to fifteen minutes after the x 3 lene was apph 
Usual 13 ^ one and a half or tw'o hours elapsed how'ever, before any significant 
number of leukocytes reached this tissue Pol 3 Tnorphonuclear leukoc 3 ytes an 
mononuclear cells continued to infiltrate the X 3 ylene-treated areas for ten to 
hours At this time many of the superfiaal epithelial cells w^ere pykmotic an 
necrotic Small groups of these epithelial cells separated from the basemw 
membrane, and the spaces w'ere filled with fluid and leukoc 3 ’tes After 
hours many of the epithelial cells were necrotic The leukoc 3 ytic exudate appac 


ently did not increase after this time g, 

The trypan blue W'as suspended m saline solution Usually 10 cc o a 
per cent solution was given intravenously The maigmal veins of ^ 

used for these injections Only macroscopic observations w'ere made m e er 
the presence of ti^ypan blue in the xylene-treated and in the untreate ar 
skin The xylene-treated skin became dark blue within fi^e J 

dye was injected immediately after application of the x^dene, en . 
was applied twenty-four hours before the dye wms injected e 
areas of skin stained the same color as the untreated skin e 

applied to different areas of the skin of a single rabbit at ten mi 
trypan blue localized first and m greatest quantity m the area whe 
was last applied before the dye w^as given intravenously The re ^ 
time of localization of trypan blue after an intravenous injection 
of xylene is shown in figure 1 Xylene was applied to t e s n m 

minutes before the dye was injected intravenously, m area Z ^ and 

area 3, thirty minutes, in area 4, fifteen minutes, h ^as made 

m area 6, immediately before the dye was given /^is pho^ 
eight minutes after injection of the dye At this time the g the 

Mu. was present .n area 6 There was a ^ „ea I 

amount of dyes m areas 5, 4, 3 and 2 No ly® "P" of allene 

In this experiment the interval between the rs pp information 

the injection of trypan blue was too short to provide any nation of 

with regard to the relation between edema and hyperemia 

trypan blue Xylene was similarly applied to the The irntant na^ 

at intervals longer than those in the J before the d^ 

aophed to the skin of 1 of these animals at the ® ^^d one-quarter 

was injected intravenously area 1, twenty hours, a gdema and hepei'e'^’’' 

to area 3 fort 3 '-six minutes, and area 4, four minu miected One hour 

' Pitt in areas 1 2 and 3 when the trjpaii blue was J 

Se d"Vwas g.s.n .bur. appeared .o be .be same amPun. 

fand 2 as Aere was ,n .be untreated sl.n Areas 3 and 


time 
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X^lene ^\^s injected intradermalh m a group of rabbits Edema and h\'pereraia 
were present twent\-£our hours after an intradermal injection of 0 2 cc ot this 
irritant These areas after twentv-four to fort^ -eight hours showed necrosis ot 
the subdennal tissue. Trvpan blue when injected intra\enoush failed to localize 
in the areas where \Alene was injected intradermalh, although the d 3 e was gi\en 
immediateh after injection of the x^lene This d\e also failed to localize and 
concentrate in the areas of inflammation when the xjlene was injected twenU- 
four hours preMoush 

Tn^pan blue will localize in areas of skin where xjlene is applied twenty -four 
hours prcMousI} pro\nded a second application of the irritant is made immediateh 
before the d^e is gi\en This d\e also localizes and concentrates in the skin in 
areas where x\lene is injected intradermall) twenty -lour hours pre\noush if the 
imtant is also applied to the skin o\er the edematous and h\peremic areas imme- 
diateh before the d\e is gi\en intra\cnoush 



1 -The number abo\e each square gl^es the time in minutes that wiene 
'^as applied betore 10 cc of 0 2 per cent irv^pan blue suspended in saline solution 
''as injected intraienoush The number of the square is shown in the center 
o each This photograph was made eight minutes after the d^e was injected 

1 C largest amount of tr\nan blue localizes in the area where wlene was la^^t 
applied 


LOC\L1Z\TIOX WD CO^CE^TRATIO^ OF I^DIA I^K IV 
WLENE-TREATED AREAS OF SKIN 
India ink was used in this part of the expenment to determine whether it will 
ca izc and concentrate in areas ot inflammation produced wntli wlcne in a 
^ncr similar to that pre\noush obser\ed wTth tr^'pan blue Higgin s india ink 
diluted in 'iahne <iolution and the carbon ‘^uspen'^ion wa*^ injected into the 
^ ^ 'cntnclc of the rabbit s heart The quantitv and concentration of the carbon 
P'-^^ion \'ancd with the different animals Some ot the rabbits died immediateh 
Uijcction of the ink while others sur\i\ed from five to si\t\ minute*' Some 
' rnhbitc were observed tor hvc davs alter which time thev were di-'cardc-d 
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foirwS'f ""p °v'" 

botli wall heiintoxvl.ti n.ul ^ t sections were prepared and stained 

scctionrof lirwcro c? ar T" Portions of the different 

carbon particles in the capilL'L demonstrate the 

of concentrate in areas 

dmtoW nr r^nUr . 1 . . \yicnc onjy when the suspension is given imme 

inicrosconic a,rt / ’7 T of the irritant Afacroscopic and 

vessels in the nn ' ^ carbon particles circulate through the blood 

^ c sels in the normal skin and in all the areas of inflammation produced by xvlene 

bcLe the” -eas where the irritant is applied a short time 

nhatiocvtose'd f carbon particles appear either to stick or to be 

Phagocytosed by the endothelial cells in the small blood vessels Only a few 

nitrie^ c car on particles ever reach the extravascular spaces Polymorpho- 
eu ocjtes p lagocytose some of the small carbon particles and apparently 
carry them into the extravascular tissues 


localization and concentration or ANTITOXIN IN 

XYLLNL-TREATED AREAS OF SKIN 

Staphylococcus and diphtheria antitoxins weie injected intravenously in different 
groups of rabbits in which the skin had been previously treated with xylene The 
presence of antitoxin m the skin is determined by either absence of necrosis or a 
immution in the size of the necrotic area at the point of injection of the toxin 
The toxin was injected into both xylene-treated and the untreated areas of skm 
of the same rabbit One-tenth cubic centimeter of four different dilutions of the 
diphtheria toxin was injected mtradermally The degree of necrosis was com 
pared m the treated with that in the untreated area of skin 

Five cubic centimeters (approximately 1,750 units) of staphylococcus antitoxin 
was given intravenously, and xylene was immediately applied to an area of skin 
approximately 4 by 6 cm One-tenth cubic centimeter of staphylococcus toxin 
was then injected mtradermally into the xylene-treated and the untreated skin at 
intervals up to nine days The same degree of necrosis occurred in the xyl^^^ 
treated and in the untreated areas of skin when the toxin was injected intra- 
dermally, immediately after intravenous injection of antitoxin When the toxin 
was injected mtradermally from three and one-quarter to forty-four hours sftcr 
intravenous injection of antitoxin there was a marked diminution and sometimes 
complete inhibition of the necrosis in the xylene-treated areas of skin as cow 
pared with the necrosis in the untreated skin of the same rabbit Control 
experiments have shown that this inhibition of necrosis does not occur in rabbits 
with a similar inflammatory process and no antitoxin When the staphylococcus 
toxin IS injected into the xylene-treated area eight days after intravenous injection 
ot the antitoxin, a similar degree of necrosis occurs in both the xylene-treated and 
the untreated areas of skm (fig 2) 

In this experiment with staphylococcus antitoxin no attempt was made 
determine the length of time that could elapse between application of the x>lcnc 
and intravenous injection of the antitoxin before the latter would cease to loca ize 
and concentrate in the areas of inflammation Ihis observation was made, 
with diphtheria antitoxin by the injection of 0 4 to 0 6 cc, approximate^ . 
units, at different intervals after application of xylene to the skm 

A group of 3 rabbits was given diphtheria antitoxin intravcnouslj, and 
was applied ImmedlateI^ thereafter to the skin These animals showed a mar t 
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^^lene was applied m the area outlined with india ink Fne hours 
0 1 cc, of stapln lococcus to\in was injected intradermalh Extensue necrosis 
pre«ient after twent\-four hours B an equal amount of toxin was injected 
3rea of the skin of the rabbit ^^Iiowti in A Approximatel\ 
^ ‘^anie degree of necrosis occurred in the untreated as in the treated skin 
applied to the area of skin that is demarcated from tlie normal b\ 
j ^one of h\percmia fortx-four hours before 0 1 cc of staph\ lococcus toxin was 
^ jccict intradermall\ at the point indicated b\ the arrow E«sentiall\ no necro^^is 
''^icre the toxin was injected D, a similar amount of toxin was injected 
\\as tinlreatcd skin of rabbit «:hown in C \ large area of necrosis 

after twentA-four hours E wlene wi*' applied in the area outlined 
da\ s before 0 1 cc of stapln lococcus toxin was injected intra- 
j,\ ' *^^icrc was no edema or Inperenna present when the toxin was injected 

h'xin”^*'^ ^«^rosi^ occurred within twenu-four hours } a similar quantit> of 
^^dected into an area of untreated skin of rabbit showm in E An area 
^PproximateU the same size as that in the sknn treated with x\lcnc is 
^ ^ftcr twent^-four hours 
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dccrct'isc 111 the size of tlic area*; of necrosis produced by diphtheria toxin in the 
xj Icuc-trcatcd skin as couijiarcd witli the necrosis in the untreated skin The 
diphthcnn toxin was gncii inlradcrmall}^ ininicdiatcly after injection of the anti 
toxin A second group, of d rabbits, w\as given the same quantity of diphthena 
anUtoxin, and nllnlcdlatc]^ thereafter xvlcnc was applied to the skin Different 
dilutions of diplitlicna toxin were injected intradcrmally four to six hours later 
The ncctosis in these nnunals was nuich Jess in the \} Icnc-trcated areas than in the 
normal skin A third group of rabbits was given diphtheria antitoxin eighteen 
to twenty-four hours after application of xylene Diplitlicna toxin was injected 
intradcrmally" four to six hours latci The areas of necrosis in these rabbits were 
approximately the same in the \a Icne-trcated as m the untreated skin 

LOCALIZATION OF VVCCINC VIKUS IN XYLENE-TREATED 

AREAS or SKIN 

A suspension of mpus was prepared by macerating m saline solution the groulh 
obtained from the membrane of a cluck embr\o The larger particles were 



Fag 3 — Xylene was applied in area 1 tw"enty-four hours before the Mrus 
injected Area 2 is the untreated (control) area of skin Xylene was app 
to area 3 immediately after intra\enous injection of 5 cc of a sahne suspci 
ol vaccine virus The photograph w^as made on the se^enth day after 
the virus At this time there were nine lebions in area 1, five in area 2 am i 
in area 3 


separated bv centrifugation One to 5 cc of this iirus suspension A\as 
into the marginal Aeins of the ear Xylene was applied to one area of 
four hours before the \irus w^as injected and to another area of skin m 
animal immediatcK after injection of tlie virus An area of skin o ciiu'i 

was outlined for the control ..fronted and 

The number of \accinal lesions tliat appeared m both the xyJcn 
the untreated areas of skin \aned with the different rabbits The 
of vaccinal lesions, howe\er, aUva\s occurred m the area of sKin w 
was applied inimcdiateh after mtra\cnous injection of the Mrus 

Approximateh an equal number of lesions occurred m the nornn 
those areas of skin treated \Mth xtlene t^^ent^-four hours prior t 
injection of the Mrus Figure 3 shons the j tncntj fo''^ 

treated areas and in the normal skin Xiicnc nas applied ‘ 
hours before the animal was giieii the suspension of urns mtr 
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IS normal skin X\lene was applied o\er area 3 immediatelj after injection of 
the wms Se\en dajs after injection of the Mrus there were nine lesions in 
area 1, fi\e in area 2 and thirt\ in area 3 

Two rabbits in this group showed almost a confluent \'acanal lesion in the 
untreated skin o\er the back and onh a few isolated lesions on the lower portion 
of the abdomen The hair subsequent!} grew much more quick!} o^er the backs 
of these rabbits than along the lower part of the abdomen Two other rabbits 
showed focal collections of A^accinal lesions in areas where the hair was growing 
rapidl} m both the vs lene-treated and the untreated areas of skin 


COMMENT 

This senes of observations shows tliat trvpan blue, carbon particle^ 
antitoxin and \accine Mnis when injected into the circulating blood 
concentrate in areas of inflammation produced b} x\lene onh dunng 
a specific interval The time in which these substances localize and 
concentrate in the x\lene-treated areas of skin is not determined b^ the 


presence or absence of edema Inperemia and leukocytic infiltration ot 
the skin In fact there is little edema or h}peremia at tlie time tr\pan 
blue localizes in those areas of skin where x}lene is placed immediateh 
before the d}e is injected Furthermore, there ma\ be all the macro- 
scopic and microscopic changes commonh associated with inflamma- 
tion, and still the d\e ma^ not concentrate 

It is interesting that substances Aar}ung as wideh as those used m 
this stud^ all localize relatneh the same with regard to the time of 
application of x}lene and the intra\enous injection of the substances 
This observation suggests that the capillaries become more permeable 
nnniediateh after application of X} lene and then gradualh return to 
tbeir normal state of permeabilitA Apparenth the capillaries require 
^pproxiniateh three hours after application of x\Iene to return to their 
nonnal state of permeabilit} At this time the skin ma} be edematous 
^*^d Inperemic and leukoc\tes ma} be infiltrating the area 

Foreign substances (those used in this experiment and man\ others) 
ia\c frequenth been found to localize and concentrate in areas ot 
inflammation"* Hanger observed that after an intravenous injection 
^rbon particles did not alwa}s localize m areas of inflammation There 
t definite period in which these particles localize in the skin atter 
intndemial injection of a filtrate of Bacillus lepisepticus The locahza- 
liviii is explained on the basis of phagocv tosis ot the carbon particF'^ 
the capilhrv endothelium Fox likewise observed a definite period 
which t rypan blue hemolvsins and agglutinins after intravenous 

^ Fo\ T P Tiic Localization and Concentration of Blood Borre Anti- 
^^lloidil D\c in Area*? of Inflammation oi \ anou*? Agc« T Immunol 
- o oOS 193(5 (b) Berlin M Antito\ine tetanique et ab^ce« de fixation 

rend Soc dc biol 102 /Sl-733 1929 (i) Footnote 1 
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injection would concentrate in areas of inflammation The failure of 
hese substances to concentrate m an area of inflammation was explained 
} o\ on t le basis of thrombotic occlusions In the discussion of his 
\ or V le stated Tlie demonstration of the relationship between the 
stage of inflammation and the al)ility of an inflammatory process to 
localize blood-borne materials is important for its bearing on clinical 
problems, and also m clarifying the concepts of Menkm“ and Bur- 
rows Such a qualification of this newly emphasized attribute of 
inflammation may seem rather obvious, yet, as we have seen, neither 

of the above authors has given the matter adequate experimental con- 
sideration ” 


Irritants other than xylene have been used in this study of the 
localization of trypan blue in areas of inflammation Trypan blue will 
localize and concentrate m areas of skin where staphylococcus toxin 
IS injected mtradermally provided the dye is given intravenously witlun 
thirteen hours after injection of the toxin This colloidal dj'e when 
given intravenously will also localize in an area of the rabbit’s skin 
where horse serum has been injected twentj'^-four hours previously 
The greatest amount of dye localizes m the area of skin where the horse 
serum is injected immediately before the dye Trypan blue in these 
experiments has not been obsen^ed to localize and to concentrate m 
areas of inflammation produced by the intradermal injection of infusion 
broth cultures of staphylococci when given mtradermally eight and 
twenty-four hours previously This dye when given intravenously also 
does not concentrate m areas of the skin where 1 0 cc of a 1 per cent 
solution of sodium chloride is injected mtradermally It does localize 
and concentrate, however, m those areas of the skin treated wth a 
similar quantity of a 4 per cent sodium chloride solution, even in the 
same rabbit Trypan blue fails to concentrate m the areas of skin when 
It is given intravenously sixty minutes after intradermal injection of 
this hypertonic salt solution 


Trypan blue is always retained for a much longer time in tissues 
which show inflammatory changes than in the normal skin This studi 
illustrated the importance of clearly differentiating localization am 


concentration from fixation or retention of trj^pan blue in inflammaton 
tissue The former may occur m areas where there is no cellular cm- 
dence of inflammation , the latter occurs only in the areas that show sue i 
a reaction The difference between localization and concentration o 
dye and retention can be determined macroscopicallj by^ obserMOg 


tissue immediately after intravenous injection of the dye 


6 Menkm, V An Aspect of Inflammation in Relation to Immunity ’’ 
Path 12 802-828 (Nov ) 1931 A Note on the Mechanism of 
Area of Sterile Inflammation, Proc Soc E\per Biol &. Med 30 W60~l / > 
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A kno^^ ledge of the relation beU\een increased capillar}’’ permeabilit\ 
and the diapedesis of leukoc}tes is important m any consideration ot 
inflammation and iinmunit} A consideration ot the mechanism ot 
capillan" permeability based on experimental studies will be subsequent!} 
reported 

S1jMMAR\ 

The capillanes m the skin of the rabbit sho^\ an increase in perme- 
abilit} for approximate!} three hours after local application of x}lene 
This is indicated by the localization of tr}'^pan blue, india ink, antitoxins 
and ^acanes Mrus m such areas The skin ma} show all the cardinal 
features of inflammation, and still these substances may fail to localize 
and concentrate m the tissue The period for ^\hich capillanes are 
more permeable ma} ^ar} ^Mth different imtants This is shoym b} 
the fact that tn'^pan blue ^^hen given intravenously localizes and con- 
centrates m areas of skin into which a 4 per cent sodium chlonde solu- 
tion yas injected mtradermally sixt} minutes pnor to injection of the 
d}e This same d}e localizes and concentrates in the skin of the rabbit 
yhere horse serum is injected intradermalh ^^hen the latter is gi\en 
as long as twenty-four hours pnor to intravenous injection of the d}e 

The staphvlococcus antitoxin used in this stud^ vas supplied b\ the Lederle 
kaboratones 



RESECTION OF THE CARCINOMATOUS RECTO- 
SIGMOID JUNCTURE WITH REESTABLISH- 
MENT OF INTESTINAL CONTINUITY 

SUBSEQUENT REPORT 
HUBERT R ARNOLD, MD 

AND 

J FRANK SHEA, MD 

SAN FRANCISCO 

Since publication of the onginal article on this subject by one of 
us (H R A ), we have performed four more such operations, bringing 
the total to 5 

The reader is referred to the original article ^ for technic and illus- 
trations of the procedure 

The second, third and fourth operations were carried out exactl) as 
was originally described ^ The second patient was operated on m 
December 1937 She was 68 years of age and well nourished Her 
recovery was uneventful, and toda}'- she is well, with a normal amis, 
normal control of the bowel and no sign of recurrence The third 
patient was a man 77 years of age and a poor surgical risk He died 
on the tenth postoperative day as a result of gangrene of the distal 
portion of the sigmoid flexure with diffuse peritonitis Gangrene iias 
due to thrombosis of the blood supply to the distal portion of the sigmoid 
flexures, as was shown by autopsy The fourth patient was operated 
on in June 1939 She made an uneventful recover)'^ 

By further study of the blood supply we decided that the superior 
hemorrhoidal arter}'- should be ligated at a point below the lowermost 
sigmoid branches since the portion of the sigmoid flexure remaining 
would be amply supplied by the sigmoid branches, and the part of the 
bowel supplied by the superior hemorrhoidal artery would be resectcf 
(fig 1) By this means it ivould not be necessary to search for tic 
so-called “critical point,” and the sigmoid artenal branches i\ould not 
be traumatized and therefore predisposed to thrombosis In this manner 
the sigmoid arch of the blood vessels would not have to be prcscnu 
since the sigmoid branches would be left intact above the point ot ig*^ 
tion of the superior hemorrhoidal arter} The sigmoid arteries 
the sigmoid flexure to the rectosigmoid juncture, and the sigmoid 
IS amputated 2 to 4 inches (5 to 10 cm ) abo\e this point, toget ler ni 

1 Arnold, H R Resection of the Carcinomatous Rcctosipmoid Jimctnr 
Arch Surg 38 100-1-1013 (June) 1939 
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a large tnangle of the mesocolon Naturally, the middle hemorrhoidal 
arteries running m the lateral bands of the rectum are severed when 
this structure is cut The inferior hemorrhoidal artenes b)' their 
anastomoses supply the stump of the rectum left after the portion of 



1 — Illustration from Dea\ers ‘Surgical Anatom\” (Philadelpliia P 
Itlakistons Son S. Co 1901, \ol 1) A indicates the point at which the superior 
itniorrhoidal artco is ligated below the sigmoid artcrie*^ 

^>o\\cl containing the rectosigmoid juncture ^\lth the tumor is remo\e(l 
cour^^e m some instances, as is shown in figure 2, it would be eas\ 
figatc tile superior hemorrhoidal arter} abo\e the lowermost sigmoid 
‘nnch which forms the sigmoid arch, abo\e the so called critical point 

Hartmann 
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REPORT OF MOST RECENT CASE 

The fifth and last patient operated on was treated by ligating the superior 
hemorrhoidal artery at a point below the lowermost sigmoid branches He tos a 
man 68 years of age and a very good surgical nsk 

He was operated on Aug 18, 1939 His course was uneventful to the eighth 
postoperative day, when the upper part of the incision broke open He was given 
150 mg of procaine hydrochloride intraspinally, and the incision was cleaned 
The bowels were distended, and therefore a cecostomy was done to decompress 
them The abdomen was then closed without difficulty with retention sutures of 
silkworm gut and heavy chromic sutures The wound healed per pnmam inten- 
tionem, and cecostomy worked excellently 


Jnierfor 
Tnejenlenc 

Proper sigmoi^ 


SupoTiOT 

haemorrhoidal 

arterV' 


branches 


Ascending 
colon 



iigmoid colon 

_l§TT10ld 

•mesocolon 


RecluTri 

Fig 2 — Sigmoid flexure of the colon and mesocolon, with 
to the artenal supply The arteries to the sigmoid flexure are the left (^)f ^ 
(2) and right {!) sigmoid arteries, which are branches from the inferior 
artery, the large single branch of the inferior mesenteric arter> is the 
hemorrhoidal arter)% which supplies the upper part of the rectum 
the point of ligation Illustration from Callander’s “Surgical Anatorn> 
delphia, W B Saunders Company, 1933) 


Figure 3 shows the specimen remo\cd at operation Microscopic sections 

no metastatic nodules , tlie 

On the twelfth da\ after the original operation, clamps were app 
septum m the double-barreled sacral colostom%, and these came oi 

fourth da\ . j ^joun 

(It cannot be emphasized too strongh that the septum shouia , liaNC 
a depth of approximatcK 5 inches (12 7 cm ) The usual right ang e 
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too short a blade to crush the septum to this depth When the first clamp sloughs 
out, It should be reapplied to crush the remainder of the septum if the septum 
has not been completely disposed of with the first crushing ) 

The sacral colostomy opening closed spontaneoush by Noa ember 15, and the 
cecostomy stoma was closed surgically with the region under local anesthesia two 
weeks later 

The rapid closing of the sacral colostoni} stoma in this case was 
undoubtedly due to the presence of the cecostom}^ opening However, 



Fig 3 (case 5) — Specimen of the rectosigmoid juncture 


the cecuin should not be opened until the primary abdominal wound 
bas been allowed to heal for se\eral day^s 

There has been a heated debate in the literature o\er the spread of 
^rcinonia in the distal part of the sigmoid flexure and in the recto- 
*'*&nioKl juncture The consensus at present is that downward spread 
late and insignificant Any" one interested is referred to the ^ oluminoiis 
>tcnturc on this subject The operation described is not applicable to 
^arcinonn of the rectal ampulla nor is it applicable to inoperable 
^'U'cinonia in or abo\e the rectosigmoid juncture It is hoped that b\ 
of this procedure in cases of early" operable caranoma in this region 
P'ttients will be gi\en the benefit of nonnal control instead of an 
'Abdominal colostonn 



EV\LU\l]Oi\ f)l' IIJE IXIECIIOX TKEA'iMEM 
OF 11I-RM\ 1\ ()1J)ER mjIENTS 


\ TIIKII M \K STATISTH \r \\\r\SIS 
L\7\RLS ^r\^OIL. AID 

MW ^r)HK 

1 he J)^lrpo^e ol this paper is to piesent a hntf anahsis of cases of 
hernia tre.itecl In the injection incthocl and to indicate the type ot case 
in which this method ot trc.itincnt is preferable 'i he consensus ainong^ 
surgeons IS that operatne measures arc the best method ot treating 
hernia How ewer, the management of older patients is always a prob- 
lem, espeeialh when another disease coexists ”1 he high percentage of 
posto])crati\ c rccurrenee m such a grouj) due to a ^arlet\ of causes 
such as poor wound healing inleetions and other complications, invites 
in\ estigation of less ha/ardous procedures which promise relief There 
IS also a large group of jounger patients who refuse operation because 
of fear, because ot mabihte to meet the economic burden incurred or 
because they are unwilling to take “time off” for the operation Jt is 
with these groups m mind particularh the first, that study ot the 
efficacy of the injection treatment was undertaken Needless to saVj 
this method has been enthusiasticalh recommended b}’’ many investi- 
gators 

The rationale of this method is to stimulate a high degree of fibro- 
blastic proliferation firmly rooted in the surrounding defective muscle 
and fascia with as little inflammatory reaction as possible If sufficient 
scar tissue can be produced to constrict the internal and external inguinal 
rings and partially obliterate the inguinal canal or its fascial plane, the 
end result may be similar to that obtained by operation except for removal 
of the sac With the injection method, the sac remains empty, functionless 
and compressed by the surrounding proliferation of fibrous tissue There 
fore, not only is it unnecessarj^ to obliterate the sac, but it is extreniel) 
dangerous to inject the sclerosing solution into it, because of the chemica 
peritonitis that will result Health) proliferation of scar tissue without 
pain or toxic effects was successfully produced with sylnasol (a 5 pet 
cent solution of the sodium salts of certain of the fatty acids of the oi 

Presented before the Third Surgical Service of the Welfare Hospital, D 

18 , 1939 Tnitver- 

From the Hernia Clinic, the Surgical Service of Dr J Girsdansky, 

neur Hospital 


114 



MAN011--1NJECTI0N TREATMENT OF HERNIA 


115 


extracted from a seed of the psyllium group) This has been demon- 
strated previously by a comparative histologic study of tissue response 
to other sclerosing solutions ^ 

In addition to a safe and effective sclerosing solution, the use of a 
well fitting truss is essential It must be worn day and night during 
the course of injections, ^^hlch takes six to eight ueeks if given U\o 
or three times a week Thereafter the patient may remo\e the truss at 
night but must wear it during the day for four to six months My 
associates and I haA^e used bilateral frame trusses m most of the cases 
reported in this series Since completion of this study, in February 1939, 
^^e haA^e been prescribing only semielastic trusses These are more 
comfortable for steady aa ear , they hold the hernia reduced properly, and 
they cause little or no irritation of the skin, such as has occasional!} 
occurred Avith the frame truss Continuous pressure to keep the hernia 
reduced during the course of treatment is ver}^ important , aa ithout it 
serious complications may result It is equally important that the patient 
cooperate in AA^eanng the truss as instructed Taa o patients in our series 
A\ere operated on for strangulation of the hernia because they remoAed 
their trusses at home against adAuce 

The injection treatment of hernia, in my opinion, is particular!} 
indicated for older patients Avho are considered poor surgical risks 
because of their age, their state of nutrition or other coexisting con- 
ditions It is also indicated for vounger patients AAho refuse operation 
but are willing to cooperate m this treatment even though it is pro- 
longed The best result may be expected in the case of a small 
inguinal liernia, but our senes includes not only large indirect inguinal 
but direct inguinal, postoperatu'^e recurrent inguinal scrotal, femoral, 
umbilical and postoperatn^e A’^entral types J\Iost of these Avere of many 
3 ears duration All of them can be helped provided they are completely 
reducible and can be kept reduced AAith comfort dunng the course of 
treatment The patient is ambulator}'', and the treatment does not 
interfere A\ith his means of livelihood and other actnnties 

The chief contraindication is an irreducible hernia This condition 
IS A^er} dangerous to treat by injections Patients A\ho do not cooperate 
ur cannot be fitted comfortably a\ ith a truss should not be treated Iw 
dns method Sliding hernia and undescended testicles should be con- 
sidered contraindicatiA'’e Diabetes, syphilis, chronic bronchitis, asthma 
hibcrculosis, prostatic disease and cardiac disorders are also considered 
contraindications b} most obserAers, but m the hernia clinic A\e haAe not 
them contramdicativc 

1 Manoil, L Histologic Effects of Vanous Sclerosing Solutions U^cd in 

njcction Treatment of Hernia, \rch Surg 36 171-189 (Feb ) 1938 
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STATISTICAL STLDV 

The data in the following tables are based on the study of 608 
patients obserA-ed between Februar\ 1936 and February 1939 In 
123 of these, 158 hennas were treated 

Table 1 shows the results in the cases in which the injection method 
was used e arbitranh considered as cured only those patients who 
continued to be symptomless without a truss for oAer six months after 
treatment The period of treatment included the senes of injections 
and a subsequent four to six month inter\al of truss support In this 
group there were 19 hernias (12 per cent) 

Patients wdio continued to wear their tnisses six months after com- 
pletion of treatment but avIio had no signs or sjmiptoms of hernia were 
grouped as possibly cured In this group there were 20 hernias (127 
per cent) 

Table I — /?(si///s of Injection Method 


Group (cured without tni5S for over G 3uouth«: nftcr treatiuent) 19, or 32 ^ 

Group \2 (possibly cured but still wearing truss G months after trentmsntj 20, or 

Group AS (po^siblj cured and still wearing truss Jess tijan G months after treatment) 26, or 
Group A4 (possibh cured but not seen after 1 year of observation) 1^» 

Group B (cJinIcalJy improved but not cured, includes those still under treatment) 4S, or 
Group C (recurrences and failures) 20 orlOlSt? 

Group P (operated on after Injection treatment) 


Total number of hernias 


Patients who had no signs or symptoms of hernia and w'cre still 
w'^eanng their trusses less than six months after completion of treat- 
ment W’^ere grouped separate^ In this group there w^ere 26 hernias 
(16 4 per cent) 

There Avas also a smaller group of patients AAUthout sj^mptoms, some 
of Avhom discarded their trusses, aaFiIc others continued to AAcar them 
but failed to reappear for examination after one j^ear of observation 


In this group there Avere 14 hernias (8 9 per cent) 

In this table is included also a group of patients aaFo after an 
adequate course of treatment still shoAA'^ed a slight impulse or 
bulging on straining but who A\^ere completely relieved of their 
jective symptoms These patients AA^ere definitely improA'ed 1^ 
them continued to AA^ear tlieir trusses during the day This 
also included those still under treatment In this group there were 

hernias (304 per cent) .a 

Recurrences and failures occurred AVith 26 hernias (16 4 
The group represented by these includes patients aaIio AA^ere 
cured but AAdio subsequently showed complete or partia ^ 

Many of these returned for continuation of injections 
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patient ^\hose hernia recurred three times after clinical cure by injection 
There were 3 patients each of whom had two recurrences after treat- 
ment In many of these cases recurrence or failure was unquestionabh 
due to a poorly fitting or improperly worn truss, insuffiaent treatment 
or poor w ound healing This group also included patients w ho recen ed 
more than six injections but did not complete the course of treatment 
Five patients (3 2 per cent) were operated on after the injection 
treatment, 2 because the hernia strangulated, 2 because the hernia 
recurred after injections and 1 because of impatience and dislike of the 
needle There w ere no special difficulties at operation because of tormer 
injections 

Table 2 — Anahsis of Patients Seen But Not Treated 


Waiting lor tni 5 =es 
Reluming any Lind of treatment 
Unable to get trusses 
Unable to fit Tvlth trusses 
^ot cooperative 
2\ot suitable for treatment 


Did not return for treatment after given tru^^s 221 

Operation advised 

^o hernia found ^ 

Compensation cases * ^ 

"Not examined ® 

Treated Tdth adhesive strapping 1 

Total 


Table 3 — Types of Hernia Treated 


Indirect InguinaL 
Direct Inguinal 
Recurrent Inguinal 
Scrotal 
Temoral 
Umbnical 

Postoperative ventral 
Bilateral Inguinal 


CS, or 43 % 
45 or 28.5% 
17, or 10 6% 
22, or 14 % 
3 or 1.0% 
1 or C% 
2, or 1.2% 
42 or 34 1% 


Total 


15S 


In table 2 are classified the large group ot 465 patients who were 
seen at the clinic but were not gi\en injection treatments It is interest- 
ing to note that 221 patients in this group desired only the mechanical 
snpport of a truss, refusing operation or injection Xinet}-six }ounger 
Patients were referred for operation 

Table 3 show s the types of hernia treated ]Most of the hernias w ere 
^'^J'gc, and some had existed from forty to sixt) }cars Sixt\ -eight (43 
per cent) \\ere indirect inguinal, 45 (28 5 per cent) were direct inguinal 
^nd 17 (10 8 per cent) were recurrent inguinal hernias Four of these 
"cre bilateral and recurrent, se\eral had been operated on twice, with 
^‘eciirrcncc, and 1 had been operated on three times wnth recurrence 


118 


ARCIIIinS 01 SURGLR) 


There ^\ere also 22 scrotal hernias (14 per cent) of man}'- years’ dura- 
tion One patient had a bilateral femoral and 1 a recurrent femoral 
hernia There ^^as 1 female jjatient \\ith an umbilical hernia 3 cm in 

Tablf 4 — Aualxsi'! of 7 vf>cs of Henna Classified in the Results of Each 

Treated 


Group \l (curotl Mitlioiit trii*?*; for o\cr 0 niontlis nftcr treatment) 

11 Indirect Inpiilnnl 

4 Direct Inpulnol 

1 Recurrent Inguinal 

2 Scrotal 

1 Postopernthc \entral 

19 

Group A.2 (poc^Hilj cured l)ut still wearing tru^s G montli'^ after treatment) 

8 Indirect Inguinal 
■> Direct inguinal 

5 Recurrent Inguinal 

2 Scrotal 

20 

Group \3 (possiblj cured les*? than G month*; after treatment and still wearing Irus*;) 

7 Indirect inguinal 
S Direct inguinal 
2 Recurrent 
C Scrotal 

2 Femora) 

1 Linbilical 

2G 

Group \4 (possibly cured but not seen after 1 jenr of obser\atIon) 

C Indirect inguinal 
5 Direct inguinal 

3 Scrotal 

14 

Group B (clinically improved but not cured) 

20 Indirect inguinal 
14 Direct Inguinal 

0 Recurrent inguinal 

7 Scrotal 

1 Postoperative ventral 
4S 

Group C (recurrences and failures) 

13 Indirect inguinal 

8 Direct Inguinal 

3 Recurrent inguinal 

2 Scrotal 

20 

Group D (operation after injection treatment) 

8 Indirect inguinal 
1 Direct Inguinal 
1 Femoral 



diameter that was completely closed after 5 injections Of the 
operative ventral hernias, 1 followed a suprapubic prostatectoni)^^^^^^ 
the other an appendectomy through a McBurney incision It is 
mg to note that there ^\ere 42 bilateral inguinal hernias (34 pc 
in this series of cases 
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Table S shows the number of patients operated on in each group 
and the number of recurrences and failures in cases of hernia treated 
by injection The incidence of recurrence and failure ^vas about the 
same for indirect, direct and recurrent inguinal hernia The percentage 
of failures for scrotal hernia was about half of those noted for the 
aforementioned types Three indirect inguinal hernias, 1 direct inguinal 
hernia and 1 femoral hernia w^ere operated on in this wdiole senes 

Table 6 shows the percentage of recurrence in each age group It 
IS interesting to note here that 108 patients, or 92 per cent of the entire 


Table 5 — Classification of Recurrences and Failures and Cases vi Which 
Operation JFas Performed for Each T^pe of Hernia 



dumber and 


Is umber 


Per Cent of 

and Per Cent 

Is umber of 

Eecurrences 


of Patients 

Hernias 

and FaUurea 

Operated On 

CS Indirect 

13, or 19 1 


3, or 4 4 

45 direct 

S orl7S 


1 , or 2,2 

17 recurrent 

3 or 17 7 


0 0 

22 scrotal 

2 or 9 1 


0 0 

3 femoral 

0 0 


1 or 33 8 

1 umbilical 

0 0 


0 0 

2 postoperative 

0 0 


0 0 

Table 6 — 4nal\s\s of Recurrence Rate 

in Each Age Group 

Is umber of 

^umber of 



^Ee Patients 

Hernias 

Recurrences 

Per Cent 

1120 1 

1 

0 

0 

2130 2 

8 

0 

0 

31-40 10 

13 

0 

0 

41 50 24 

84 

7 

205 

ol-GO 35 

47 

12 

2o,5 

Cl 70 35 

45 

4 

80 

7160 n 

14 

3 

21 4 

81 00 j 

1 

0 

0 


senes, were between 41 and 90 years of age There were 7 recurrences 
(20 5 per cent) among the 34 hernias in patients of the age group 
between 41 and 50 There were 12 recurrences (25 5 per cent) among 
die 47 hernias m patients of the age group from 51 to 60 There were 
‘I recurrences (8 9 per cent) among the 45 hernias in patients of the 
group from 61 to 70 Lastly, there were 3 recurrences and failures 
(-14 per cent) among 14 hernias m the patients between 71 and SO 
of age 

Table 7 show s the relation of the patient s age to the results of 
treatment In the younger group of patients (between 11 and 40 \ears 
age) there were no recurrences Six after rcmo\al of the truss 
^'yii'uned cured, 3 who were still wearing their trusses o^er six months 
a ter completion of treatment continued to be s\nnptomIess , 1 w^as pOb- 
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sibly cured but was within the six month period since completion of 
treatment, 2 were possibly cured but were not seen after one year 
of observation following completion of treatment, and 4 were clinically 
improved or still under treatment In the older group of patients 
between 41 and 90 years of age, there were 26 recurrences and failures 
(16 4 per cent), while 5 (3 2 per cent) were operated on This totals 
19 6 per cent of failures Thirteen patients were cured and -without 
truss support over six months after completion of treatment, 17 were 
still weanng their trusses over six months after completion of treat- 
ment but continued to be symptomless , 25 w^ere possibly cured but 
were within the six month period since completion of treatment, 12 
were possibly cured but were not seen after one year of obsen^ation 
following completion of treatment, and 43 were clinically improved or 
still under treatment 


Table 7 — Analysis of Results vi Relation to Age of Patients 


Group ^ 


Age A1 


A2 


A3 


A4 


B 


11 20 1 i) 

21 30 2 0 

31-40 3 S 

41 60 4 7 

61 60 3 f) 

61 70 4 5 

71 80 2 0 

81 90 0 0 


0 

0 

1 

0 

6 

10 

4 

0 


0 

0 

2 

3 

4 
4 
1 
0 


0 

1 

4 

6 

16 

17 

4 

1 


0 0 

0 0 

0 0 

7 1 

12 4 

4 0 

3 0 

0 0 


19(12%) 20(12 7%) 


26(10 4%) 14(b9%) 48(30 4%) 20(10 4%) 6(3 2%) 


* For explanation of groups, see table 1 

Complications were comparatively few during the last eighteen 
months of the study, owing to improvement of technic Altogether, 
during the entire three year period, there were eight swellings of tlie 
cord, which subsided in two or three weeks, and twenty-two peritoneal 
reactions characterized by local or general abdominal pain These reac- 
tions usually cleared up within one to three hours There were 2 cases of 
strangulation, as has been noted No cases of atrophy of the testes or 
sexual impotence were noted There were no infections and no mor- 
talities 

COMMENT 

The reports in the literature in the past ten years on the injection 
treatment of hernia, by Fowler,^ Rice ® and Bratrud * of the Mmneapo is 

2 Fowler, S W Experience with the Injection Treatment of Hernia, H 

Rec 101 207-209 (Feb 20) 1935 . 

3 Rice, C O The Injection Treatment of Hernia Evaluation of Technic a 
Results, Ann Surg 105 343-351 (March) 1937 

4 Bratrud, A F Ambulant Treatment of Hernia, Journal-Lancet 54 3 - 

(June 15) 1934 
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General Hospital, McKjnne} of the University of Minnesota, McjMil- 
lan and Cunningham ® from the department of surgery of the North- 
western Medical School, Crohn " of the Michael Reese Hospital 
Chicago, Harris and White ® of San Franasco and many odiers, show 
invariably a high percentage of cures in well selected cases of hernia 
treated by the injection method The only report of extremely dis- 
couraging results made after a tw o year study of only 66 cases w as that 
of Burdick and Coley ® of the Hospital for the Ruptured and Crippled 
New York From a three 3^ear statistical study of 123 patients wnth 158 
hernias, my associates and I were convinced that the results do not 
indicate a large percentage of cures but do indicate an excellent palliatn e 
result m a large number of cases It must be borne in mind that 92 per 
cent of the patients treated w’'ere between 41 and 90 years of age with 
large hernias of long duration, many of whom would have been consid- 
ered poor surgical risks There is no doubt that many of these patients 
would have continued to be uncomfortable wnth or without a truss if 
they had not been given the injection treatment Most of them ha\e 
been satisfied with the result, and many have been able to return to 
some type of work Patients with recurrence after injection treat- 
ment were given a subsequent series of injections to secure firm closure 
of the hernia The hernias that failed to close improved sufficiently to 
enable the patient to w'^ear a truss comfortably and to maintain the 
hernia in complete reduction In the small group of 15 younger patients 
(between the ages of 11 and 40) no recurrences have been noted to 
date One might infer from this that the injection method compares 
favorablv with operation for younger patients I reiterate that the injec- 
tion method is the method of choice for older patients, for reasons 
already mentioned 

Wangensteen stated 

It IS not without significance that not one patient of se%eral hundred treated 
b> the injection method in the 2 surgical dimes (U of Afinnesota, and Minneapolis 
General Hospital) has died as a direct result of this treatment As much can 

5 McKinne\, F S An E\aIuation of the Results of the Injection Treatment 
of Inguinal Hernia Rc\ie\v of Emplo>ment of This Method at Lnnersit\ o 
^Iinnesota Hospital, Ann Surg 105 338-343 (March) 1937 

6 McMillan, W M , and Cunningham, D R The Injection Treatment of 
Reducible Hernia, JAMA 106 1791-1795 (]MaA 23) 1936 

7 Crohn, N N The Injection Treatment of Hernia JAMA. 108 d 40-544 
(Reb 13) 1937 

8 Hams, F I , and White A S E\aluation of the Injection Treatment of 
Hernia, JAMA 111 2009-2013 (No\ 26) 1938 

9 Burdick C G and Colc\ B L Injection Method of Treating Hernia 
Ann Surg 106 322-333 (Sept) 1937 

10 Wangensteen, O H The Status of the Injection Treatment of Hernia 
Ann Surg 105 322-324 (March) 1937 
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rarely be said for large senes of similar size treated b> operation This method 
of treating selected cases of hernia has merit and when skillfullj cmplojed would 
appear to carry little risk of serious complication 

He continued , 

Medicine has come to recognize the superiority of trial o\er reason Rational- 
izations concerning the merits of a method are likclv to lead to error, not so 
much because the logic employed is poor but more often because the initial premise 
itself is false The injection treatment of hernia is not therefore to be dismissed 
w'lthout examination The rejection of obliteration of hemorrhoidal \aricosities 
and varicose veins of the lower extremities b\ injection is fresh enough in the 
recollection of medical men to remind them that the prejudices cannot delay the 
march of progress 

SUMMARY AND CONCLUSIONS 

The injection method of treating hernia has inanj' advocates Many 
clinics here and abroad have been giving it ever increasing attention 
The importance of the principles to be observed in the management of 
hernia as originally stated by Billroth, and affirmed more recently b) 
Bratrud, Rice, Wangensteen and others, cannot be overemphasized 
These principles are the use of a safe and effective sclerosing solution, 
a satisfactory truss, knowdedge of the regional anatomy and full coop- 
eration of the patient 

During the period between February 1936 and February 1939, 158 
hernias m 123 patients were treated by the injection method at this 
clinic Ninety-two per cent of these patients yvere between 41 and 90 
years of age Recurrence took place m 26, or 16 4 per cent, of this 
group, and 5 patients, or 3 2 per cent, yvere operated on after injechon, 
making a total percentage of failures of 19 6 per cent In the 15 
}'Ounger patients between 11 and 40 years of age there were no recur 
rences There were no infections and no mortality The injection 
treatment is the method of choice for older patients provided the hernia 
IS reducible and can be comfortably maintained with a truss It sliou 
be the alternative method of treatment for younger patients who refuse 
operation 



PATHOLOGY OF SHOCK IN MAN 


VISCERAL EFFECTS OF TRAUAIA, HEMORRHAGE, BURNS AND 
SURGICAL OPERATIONS 

HARRY A DAVIS, MD 

^EU ORLEANS 

Present knowledge of the syndrome of shock m man rests largeh 
on physiologic investigations m lower animals Studies of pathologic 
changes are decidedly more limited, and Moon and Kennedy ^ deserve 
much credit for drawing attention to the importance of these alter- 
ations 

The present study is concerned with the visceral changes present 
in 50 patients who died in a state clinically diagnosed as shock and on 
whom postmortem examinations were performed from one to three 
hours later An effort has been made to demonstrate that defimte 
alterations occur in the viscera as the result of shock and that the 
character of these changes is dependent on the etiologic factors involved 
The changes are grouped according to the clinical states from which 
they arose, and their significance is briefly discussed These states 
include 

1 Cerebral trauma — 10 cases 
A Early death 

B Delayed death 

2 Trauma to the abdomen, thorax or extremities — 31 cases 
A Early death with 

(a) Open hemorrhage 

(b) Closed hemorrhage 

(c) Regional segregation of lilood 

(d) Infection 
B Delayed death 

3 Trauma following burns — 5 cases 
A Early death 

B Delayed death 

^ Trauma following surgical procedures — 4 cases 

krom the Department of Pathol og\ of the Lni\crsit\ of Tcnne‘;*:cc School of 
^Ie<licmc and the Department of Surgen of the School of Medicine of Loui<^iana 
State Unucrsitj 

1 Moon V H and Kennedy P J Patholog^ of Shock Arcli Patli 14 
^^>0 Vl (Sept ) 1932 
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Jn fatal cases of cerebral 

IS probabljp generalized m char^T^^K present a dilatation wliicli 

chiefly as a vascular congestion tvhich is manifested at autopsi 

This dilatation would seem tn h ^ungs and the abdominal iiscera 

oe dependent on failure of the vasomotor 
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center, which in turn follows prolonged oxygen deficiency Edema of 
the lungs, with diapedesis of red blood cells into the alveolar spaces, 
and numerous macrophage cells containing iron pigment are also more 
or less constant findings (fig 1) 

It should be pointed out that it is impossible to exclude as a factor 
m the production of the pathologic picture the effect of cardiac failure 


a300« 
22(XL * 
2100 . 
2000 . 
190QL 
1800. 
ITOO.k 



Fig 2 — Distnbution of visceral weights in 5 cases of cerebral trauma witli 
early death 


"ith progressive diminution of the cardiac output It is suggested that 
condition which leads to anoxemia of the central nerv^ous s}Stem 
vould seem to be capable of producing similar pathologic changes It 
also suggested that the pathologic picture is necebsanly dependent on 
' total circulating blood v olume at the time of death Reduction of 

, tlie l)lood volume, whether b} open or bv closed hemorrhage, tends to 

ob'^ciire the presence of a terminal v^asodilatation The presence of 

(> 
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pulmonary edema even m ])atients to u horn fluids lia\ e not been admin- 
istered intravenously suggests that an altered permeabilit} of the pul- 
monary capillaiies occurs 

A study of the viscera m this group of patients revealed a definite 
increase m weight due to the distention of the blood vessels vith blood 

(fig 2) 

The available facts uould seem to point, therefore, toward two proc- 
esses at w'ork m the production of the Msceral pathologic changes fol- 
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Fig 3 — Distribution of visceral weights in 6 cases of trauma to the abdonie , 
thorax or extremities with open hemorrhage and earl}' death 


lowung cerebral trauma (1) a A'asodilatation in the splanchnic an 
thoracic areas and (2) cardiac failure The time factor is of 
importance here When cerebral compression occurs ver}' 
death also occurs quickly, extreme thoraac and splanchnic vaso ^ 
tion IS found When cerebral compression is more gradual and 
slower, the central vasodilatation, although still present, is less mar 
A similar t}pe of vasodilatation has been produced 
dogs by either rapid or gradual increase in intracranial P*^^ , ^ 

(Datis") It has also been reported following cerebral edema 


2 Da\is, H A Unpublished data 
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jouanine and Hornet®) and traumatic lesions of the brain stem 
(Wanke^) Blalock® has pointed out that m expenniental cerebral 
trauma a diminution of cardiac output occurs simultaneously A\ith a 
reduction m blood pressure 

TRAUMA TO THE THORAX, ABDOMEN OR EXTREMITIES 

Before discussing the group of 31 cases in ^^hlch death occurred 
promptly after trauma to the abdomen, tliorax or extremities, it is 
iiecessar}’’ to define the terms 'open hemorrhage^ ^ and ‘'closed hemor- 
rhage '' In the sense intended here, the term “open hemorrhage^’ means 
free hemorrhage into an open caAuty, such as tlie peritoneal or pleural 
cavities, or external bleeding Closed hemorrhage signifies hemorrhage 
into tissues which prevent its escape extemall} or into an open cavity 
Retroperitoneal hemorrhage, intramesenteric hemorrhage and intra- 
muscular hemorrhage are all instances of the closed \ariet} The dis- 
tinction between open and closed hemorrhage is of great importance in 
the interpretation of the pathologic changes in shock in relation to the 
administration of fluids Those cases in which death occurred within 
forty-eight hours of the receipt of the injur} were grouped as earh 
deaths Those in which death occurred after fort} -eight hours were 
considered as delayed deaths This grouping is entirel} arbitrar}^ 

Early Death from Open Hcnion hage — To speak general!}, in this 
group of cases the amount of free blood ^ aried from 900 to 2,200 cc 
The heart revealed no pathologic change other than marked contrac- 
tion The spleen w'^as also markedh contracted The luer was usuall} 
pale and anemic, and the weight was normal or subnormal The liver 
cells were usually swollen, and the liver capillanes were empty The 
kidneys had a tendency to be reduced in weight and usuall} were pale 
snd dry m appearance The epithelium of the com oluted tubules 
showed varying degrees of parenchymatous degeneration The Msceral 
weights were decreased (fig 3) 

The changes in the lungs were interesting The weight, as a rule, 
"^s below normal, but the longer the duration of the shock the heaMcr 
Were the lungs The color was pale, and there was no eMdence of 
petechial hemorrhages V ai*} ing degrees of emph} sema w ere obserw ed 
on microscopic examination There was moderate congestion of the 
^Ueolar capillaries, with moderatel} frequent collections of heart 

3 Alajouaninc T and Hornet T L’oedemc cerebral generalise (etude 
snatomiquc) Ann d’anat patli. 16 133-163 (Feb ) 1939 

4 Wanke R Zum Nachweis und zur Ausuirkung dcr traumatischcn Him 
•^tammlasion Arch f klin Qiir 193 676-701 1938 

Blalock, A and Bradbum H B Trauma to Central Xer\ous System 
ns niTccts on Clardnc Output and Blood Pressure Expenniental Stud>, \rcli 
^urp 19 725 734 (Oct ) 1929 
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failure” cells (fig 4 ) Pulmonary edema uas not usually present, 
particularly m those patients who died within twelve to eighteen hours 
after admission to the hospital When present, it was patchy in char- 
acter No diapedesis of red blood cells into the alveolar spaces was 



Fig 4 — Lung (X 210) from a case of trauma to the abdomen with open 
orrhage into the peritoneal cavity and early death Note congestion of tlie a ve 
capillanes and “heart failure” cells lying in the alveolar spaces 

observed Since fluids were administered by the intravenous 
nearly all these patients, the relatively minimal pulmonar)' e 
obseiw^ed needs some explanation 

Early Death luith Closed Henioirhage — In this group of ^ 
the pathologic features resembled those seen m patients dying from o 
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hemorrhage with one exception, that the lungs showed edema, wnth red 
blood cells and ‘'heart failure” cells in the aheolar spaces (fig 5) The 
distnbution of visceral weights m this group is shown in figure 6 
In fatal open hemorrhage the visceral changes are similar to those 
seen in closed hemorrhage except for the pulmonar} edema which is 



Fjg 5 — Lung (x210) from a case of trauma to the abdomen wntli closed 
icmorrhagc into the retroperitoneal tissues and earU death Note pulmonarv 
congestion of the aheolar capillanes and heart lailurc cclh 


^ *i*^bocniccl with the closed \anet\ Macrophage cells containing iron 
P'gnicnt arc present in the aheoli in both t\pes ot hemorrliage but are 
^^ore tuinicrous in the closed tipc 


/ 
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What explanation can he offered for this dissinulnnty in the pul- 
monary observations espcciall} since both groups of patients l^a^e been 
gi\en fluids intra\ enousl} ’ The difference ma} be explainable on the 
basis of an anoxemia of the central ner\ous s}steni The pathologic 
picture of anoxemia of the brain resulting from a rapid increase of 
intracranial piessuie includes pulmonar_\ congestion and edema Such 
an anoxemia ma\ result, ho\\e\cr, from a reduction of the total blood 
\olume The rate of the reduction of the Aolume of blood must be 
considered m this connection When the bleeding is rapid, as in an 
open t3pe of hemorrhage death takes place too rapidly to permit the 
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Fig: 6 — Distribution of ^ isceral w eights in 5 cases of trauma to the abdon 
thorax or extremities with closed hemorrhage and earb" deatli 


full effects of anoxemia of the nen^ous sj stem to develop 
the other hand, the rate of bleeding is slower, as m the 
of hemorrhage, anoxemia of the central iien^ous s^'Stem is of 
duration and becomes more apparent m its effects on the Mscera 
mat explain the presence of pulmonar}’' edema, W'hich forms 
the pathologic picture associated with anoxemia of the brain 
dosed form of hemorrhage It ma} explain, also, the pulmonar) 
and vascular congestion of the iiscera which occur ni 
who die with either open or dosed hemorrhage after fort} -eig^^^^ 
In such patients the anoxemia of the central nenous s)stem 
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prolonged enough to produce an effect on the 'vascular bed of the 
viscera It becomes apparent from this discussion that any agent which 
reduces the effective and/or total blood \olume may produce thereby an 
anoxemia of the central nerv^ous system and its resultant pathologic 
picture of pulmonary edema and congestion with visceral vascular con- 
gestion When the blood A^olume is much reduced, the presence of 
these visceral vascular changes may be hidden 

Early Death with Segregation of Blood - — In three of the 50 cases 
the estimated loss of blood from the circulation was insufficient to 
explain the fatal outcome Examination, ho\\ever, always revealed the 
presence of a segregation of blood in some part of the venous system 
as a result of the mechanical pressure of a collection of blood at some 
strategic point Sucli a situation de\elops, for instance, w^hen hemo- 
pericardium develops following a cardiac w’^ound or when a retropen- 
toneal hemorrhage compresses the inferior ^ ena cava Hepler and 
Simonds ^ have also emphasized the importance of a segregation of 
blood m the production of shock The pathologic change associated wnth 
a regional segregation of blood is a 'vascular congestion of the viscera 
below the point of Aenous obstruction It should be pointed out again 
that in this group of cases the usual anatomic changes of hemorrhage 
are not found Congestion of the spleen and edema of the lung (fig /) 
were constant additional findings The diminution of cardiac output 
associated with the segregation of blood in the ^enous side of the circu- 
lation leads to anoxemia of the central nerv^ous system, and this, m 
turn, accentuates the vascular distention of the Anscera The a isceral 
weights Avere ahA^ays increased (fig 8) The clinical recognition of the 
occurrence of a regional segregation of blood is most important, inas- 
much as the administration of fluids to such patients is definitel} harm- 
ffilj for it increases the rate of circulation and therefore forces the 
blood more rapidly into the segregated area 

Early Death with Injection —Only 1 of the 50 patients m this 
senes came under this heading In this patient death resulted from 
Clostridium Avelchii infection of the area of traumatized muscle of the 
abdominal Avail after a gunshot Avound The essential features of the 
case were mild hemoconcentration, widespread Aascular congestion ot 
tbe Aisccra and hemolysis, as CAidcnced bv the large amounts of iron 
pigment in the spleen, Iner and lungs Such an infection is liable to 
complicate a gunshot w ound of the abdomen w hen the bullet has 
perforated the bowel wall and then lodged in the abdominal musculature 

Hcplcr, O E and Simond*^ J P ^^cchanlsm of Shock Ejects cf 
mtra\cnous Injection of Salt Solution in Collapse Induced b^ Mechanical 
miUoimdmR of Splanchnic Region in ^o^nal and HNpertlnroid Dogs \rch Pith 
-5 \A9 159 (Peb) 1938 
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se£rreMtirin nf W ^rom a case of trauma to the thora\, with regional 

aheolar cap,llanes° diapede^ ^ edema, congestion of the 

’ “^Peaesis of erjdhrocjdes and “heart failure” cells 
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It IS well kno^^n that such an infection ma} be fulminating m char- 
acter and that death may occur as earl} as seven hours after the injur}" 
It IS important, therefore, that this possibility be borne m mind and 
that appropriate cultures be taken after death from the site of trauma 
Such cultures sometimes re^ eal the presence of this group of organisms 
The fulminating infection may be accompanied by s}Tnptoms which 
closely resemble those of shock The general pathologic changes are 
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Fig 8 — Distnbubon of \Tsceral weights in 2 cases of trauma to the abdomen 
thorax or extremities with regional segregation of blood and carl^ death 

intense congestion of the vascular bed, "with increased ^ascular per- 
nieabiht\ There is marked hemohsis, and iron-containing pigment is 
deposited m the lungs, liver and spleen The Iner maA show fatt\ 
metamorphosis, but may not if death occurs \cr\ rapid!} The lung‘d 
are edematous and extremel} congested The blood picture, as in the 
ca^^e reported, repeals hemoconccntration and leukoc}tosis It seem‘d 
hkch that some cases of this t^pc ha\e not heretofore been recogni/cd 
resulting from such infections and perhaps ha\e been used 
presumptue c\idence to support the toxic thcorv of traumatic shock 
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Delayed Death with Open oi Closed Heinoi i hage — There were 9 
patients whose deaths occurred more tlian forty-eiglit hours from the 
tune of injury In every case evidences of infection w^ere present, 
though the form varied There were no anatomic evidences of open 
hemorrhage, and extreme splenic contraction wms not usually present 



Fig 9 — Lung (x 210) from a case of trauma to the abdomen " 
hemorrhage and delayed death Note pulmonary edema, congestion o t le 
capillaries and “heart failure” cells 

In many cases the pathologic changes associated tvith early pent 

\\ ere obsen^ed , j ,, tlic group 

Pulmonary edema was, on the whole, more marKed i 

whose deaths were delayed than in the group whose deat is 
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earlier (fig 9) In most patients a peculiar t}pe of pneumonia was 
present, which \aried greatl} jn extent The edema present was patch} 
The alveoli in certain areas were filled with onl} a pink-staining fluid 
w^ith a ^ ariable admixture of large mononuclear cells containing an iron 
pigment In other aheoli and bronchi the pink-staming fluid had been 
imaded by numerous pohmorphonuclear leukoc}tes and eMdences of 
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10 — Distribution of Msceral weights in 6 cases of trauma to tlie abdomen 
tliorax or extremities with open hemorrhage and dela\cd death 

fibrin formation w ere present !Man\ pigment-containing mononuclear 
cells la} side b\ side in the al\ eoli w ith pol\ inorphonuclcar leukoc\ tes 
Congestion of the aheolar capillanes was extreme 

Another histologic feature of interest was ol)ser\cd m these ca^^e*^ 
dela\ed death an apparenth increased breakdown of the red blocxl 
et-lk This was most marked in the spleen in which much iron-con- 
^'uning pigment was found free m the tis‘>uei? or King within the large 
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nionomiclcar cells I ron-coiu. lining' u.is •il'-o present in 

increased amounts within tlu* inotiomK Ic.tr cells ot the lungs and m 
tile KuplTcr cells ot the heer 1 iu merc.ised heinoKsis was noted 
m patients with open .is well <is m p.iticnts with closed lieninrrhage 
It was not depeiide’iit on the (irescntc of micetion, hut when it was 
associated with it the degree ot eiethioevtie destruction was increased, 
particularh when the infection was due to Cl welclm and related 
organisms 'J he disti ihution of \iseeral weights m this group is iHa^' 
trated in figure 10 

The importance of the tune taetor m the proeluction of the iiscera! 
changes is clear!} illustrated m e.ists of thoracic and abdominal injuries 
m which death is delajed The Mscer.il anemia and splenic contraction 
present m the carle stages of shock give place, when death is deferred 
to e'ascular congestion and inere.ise m weight of the eiscera Pul- 
monary edema also hceomes more eeident, as do the signs of increased 
destruction of red blood cells, and large amounts of iron pigment nia) 
be seen in the lungs, the Incr and, m particular, the spleen 

Several factors must l3c taken into eoiisidcration when these changes 
are discussed Three of these considerations seem to be especlal!^ 
important 1 With the longer duration of life there is likeh to be ^ 
larger administration of mtra\enous fluids 2 Infection, ^arIable m 
degree, is likely to super\ene 3 Prolonged low blood pressure is h e} 
to lead to anoxemia of the central ncr\ous s}stem with resulting 
visceral vasodilatation and an alteration m the permeabilit} of the cap 
lanes, particularly the pulmonary capillaries 

It IS essential to recognize the important role pla\ed by anoxeinia 
of the central nervous system m the production of Msceral a^ooi 
tion and pulmonary changes This factor it should be emphasize 
present m ever)'- form of shock, though its effects maj be masked i 
extreme reduction of blood volume occurs before death 


TRAUMA DUE TO BURNS 

The visceral changes present m early and late deaths from 
trauma need not be discussed in any great detail Patients w 
soon after their injuries usually reveal a diminution of the weig 
the various viscera (fig 11), contraction of the spleen and 
dences of a rapid reduepon of the total blood volume Fatty 
morphosis of the liver, widespread petechial hemorrhages an 
signs suggestive of the presence of a arculaPng toxin are so 
observed in paPents who die as early as five hours after the rece 


the bum , 

When death is delayed after burns, evidences are foun o 
spread vascular congestion, an increase m the visceral weights i 
an absence of splenic contraction, widespread petechial hemorr 
marked pulmonary edema There is also present an excessne 
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tion of red blood cells, associated with the presence of large amounts of 
iron-containmg pigment in the spleen, Iner and lungs Whether the 
hemolysis is due to the action of a circulating toxin or to excessne 
activity of the reticuloendothelial system cannot be stated definitel} at 
this time We have not found necrosis of the liver, which has been 
noted by vanous observ^ers, e g , Belt," although fatty metamorphosis 
of the liver is a frequent finding 

Considerable discussion has arisen as to the cause of the hypotension 
associated with trauma due to burns One group of observ^ers has 
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I ip II — Distnbulion of Msccral weights in 2 ca‘;cs of burns r = enrh dciili 
^ dth\c*d death 

avenbed a nnjor role to the toxins released from the burned area (Bar- 
deen^) \ second group has held that the fall i*^ due to a shift of lluid 
^nto i 1 k burned area (Underliill and co-workers ' Harkins’^) 

^ fitll T li Lucr Xccro*;!*; Following liiirn'; Siiniil'itinp tlic /< i* ns oi 
Fextr I Pnil, p^ct 48 ^193 -40S 

kirdccn C R V Re^^LW of the P-illiologx of ^upcrlirnl Piirns with i 
^ ' ^rll)\ltl,^^ to Our Knowledge of the Pntholocicnl Onnee'^ in tlie Orpin** in ( t ** 

^ hijudlx I utI lohn*^ Hopkin«; Rep 7 137 17^ 

^ kutlcrhill F P Cirnnpton G I Kii>‘'in<»\\ K md P cl G T H 1 
’ 'ntr iiioiK in F\lcnsi\c ‘sujh rficiil Puni** ind Tbtir '^ipnitu ukc for f 

\rcli Int Mcfl 32 3M0 (luh> 

^ h llirbiiw If \ } xuLrinicntil I'urn«^ I Kilt <>i I hid ^hif* nl It 
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another gioup has maintained that the caih fall in blood jiressure is 
due to loss of fluid into the traumali7ed area and that later h}i)ntension 
IS due to a toxemia (Wilson and eo-\\orkcis ") 'J he argument is still 
unsettled 

TRALM\ DLL TO OPLRATIOX 

Numerous factors are m\ohed m the s\ndiome of shock following 
surgical procedures I ha\e excluded from this series such complica- 
tions as postoperative infections i)ulmonai\ embolism and similar con- 
ditions This process of exclusion lca\cs 4 cases which are grouped 
under the heading of shock due to operatne trauma 

In the fatalities following surgical procedures within the abdomen 
m this series, shock was alwa^s associated with marked vascular con- 
gestion of the splanchnic area The organs were increased m weight 
and the spleen w^as congested (fig 12) '\s has been pointed out \aso- 

constriction of the splanchnic area normally follows a reduction of blood 
volume (Davis and Jermstad but m these cases m spite of large 
losses of blood this did not occur Instead a Aasodilation was present 
which, 111 fact, might haie resulted Irom the direct trauma of the mtra- 
abdommal operation The significance of anesthesia particular!} ot 
spinal anesthesia, must also be considered m the production of these 
lascular changes 

The extent of the vasodilatation is difficult to determine In opera- 
tions wuthm the peritoneal caviti , it is chiefl} confined to the splanchnic 
area The lungs are only model ately congested and pulmonary edema 
IS not a conspicuous or a constant feature In the particular group of 
cases under discussion the phenomena of ^ asodilatation w^re alwa}S 
accompanied by open or by closed hemorrhage but the amount of 
blood lost was not m itself sufficient to cause death if a normally react- 
ing splanchnic vascular bed had been present A compensatorv 
splanchnic vasoconstriction, howeA^er, had not occurred in these cases 
It IS therefore apparent that in postoperative shock one is confronted 
by two phenomena vasodilatation of varying degrees and a reduction 
of the blood volume The combination of these phenomena accentuates 
the state of shock 

At this point It IS possible to sum up as follows the factors which 
influence visceral changes m patients dying from shock due to A'^anous 
forms of trauma 

1 The site of the trauma, e g , AAdiether to the central nerAmus sys- 
tem, the abdomen, the thorax or other organs 

2 The mode of production of the trauma, e g , by a bullet Avound 
or a surgical operation 

11 Wilson, W C , Jeffrey, J S , Roxburgh, A N, and SteAvart, C P Toxin 
Formation in Burned Tissues, Brit J Surg 24 601-611 (Jan) 1937 

12 Davis, H A , and Jermstad, R J Regional Distribution of Blood m 
Experimental Secondary Shock, Arch Surg 38 556-580 (March) 1939 
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3 1 he rate of reduction of the effective and/ or total blood volume 

4 The duration of shock 

5 The total blood ^olume at the time of death 

6 The presence or absence of a regional segregation of blood 

7 The mechanism of production ot shock b}’- i asodilatation as 
in cerebral injuries and surgical operations, or by reduction of the blood 
\olume, as in open or closed hemorrhage 

1900-X 

1800 - 

1700- 

1600 ^ 



Fig 12— Distribution of Msceral weights in 3 cases of trauma following surgi- 
cal procedures 

8 The presence of a circulating toxin, as in bums or in fulminating 
gas bacillus infections 

9 The intravenous administration of fluids 

Finally, it might be pertinent to discuss the significance of certain 
less common pathologic changes Some emphasis has been placed on 
the frequent presence of subendocardial hemorrhage in patients dt ing 
from obstetric shock (Sheehan”) Such hemorrhages hate also been 
found in patients dtmg from bums (Bardeen"), from gunshot wounds 

13 Sheehan H L The Pathology of Obstetric Shock T Obst &. Gtnact 
Bnt Emp 46 218-231 (Apnl) 1939 
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(Moon and Kenned},^ Kulbs and Straiibs^') and from cerebral 
injuries of various types (Sheehan’'’) In this scries the presence of 
suhendocardial hcinoriliagcs has heen noted in 3 patients, the first of 
whom died of ccrehial injui\ the second from asplnxia following a 
gunshot w'ound of the neck with hlccdmg into the anterior mediastinum 
and compression of the trachea, and the third from a gas hacillus infec- 
tion following a gunshot wound of the ahdomcn 

Petechial hemoiihages wcie found most frequenth in the pulmonarj 
alveoli They occurred almost constantly in death from cerebral trauma 
hut w^ere also seen in the lungs of patients suffering from burns or 
from closed or open hemorihagc and d}]ng a late death A peculiar 
form of petechial hemorihage was noted in the spleens of patients dying 
from cerebral injury or from a slow open or closed hemorrhage into 
some other region of the hod} Such petechial hemorrhages presented 
themselves m the malpighian hmphatic nodules of the spleen and 
appeared to surround the central arteriole In many instances the entire 
lymphoid tissue of the nodule w as replaced by a pool of blood Petechial 
hemorrhages were seen, in addition, in the renal pehes the ureters, the 
gastrointestinal mucosae and the adrenal glands in another 5 patients 
in this series The cause of death w as cerebral trauma in 1 case, bums 
in 2 cases, a gunshot w^ound of the abdomen with hemoperitoneiim in 1 
case and a gunshot w'^ound of the liver and biliary peritonitis in 1 case 

It is evident that the occurrence of these petechial hemorrhages, 
especially in cases of simple compression of the brain by an extradural 
blood clot, cannot be explained adequately by those hypotheses wdiicb 
support the presence of a cii dilating toxin m secondar}'^ shock Hemo- 
dynamic alterations in the form of rapid and violent changes in blood 
pressure would appear to offer a more inclusive explanation In 
conclusion, it might be stated that it was possible to observe the fre- 
quent occurrence of macrophage cells containing an iron-pigment 
(“heart failure” cells) in the pulmonary alveoli of patients dying from 
shock associated with cerebral and other forms of trauma This is not 
111 agreement with the findings of Moon and Kennedy,’ who have stated 
that such cells are not found in the lungs of patients dying from shock 

SUMMARY AND CONCLUSIONS 

A study has been presented of visceral changes occurring in shock 
resulting from injuries to the head, the thorax, the abdomen and the 
extremities, from burns and_^ from surgical operations The study is 
based on an analysis of 50 cases, m all of which postmortem examina- 
tion was performed wuthm one to three hours after death 

The visceral changes are influenced by a variety of factors, which 
are enumerated and discussed 

14 Kulbs, F , and Strauss, H Ueber subendokardiale Blutungen, Klin 
Wchnschr 12 933 (June) 1933 
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The stud} of the syndrome of shock amU be aided bv investigations 
of the pathologic changes vhich occur in the tissues 

A tentati\e pathologic grouping of the cases is set forth, not based 
on or biased b^ an} specific theor} of shock, but dependent soleh on the 
pathologic changes observ ed at the autops} table or under the microscope 
It IS suggested that such a grouping of cases is likeh to aid in a more 
searching analysis of the s}ndrome of shock 

The significance of anovemia of the central nervous s}stem in all 
forms of shock is emphasized in relation to the production of the patho- 
logic changes 

ILLUSTRATIVE CASE REPORTS 


CEREBRAL TRAL AIA 


Case 1 — E S , a white man aged 31 was admitted to the John Gaston Hospital 
in Memphis in an unconscious state He was thought to ha've been “slugged o\er 
the head” The temperature was 103 F the pulse rate 60 per minute the respira- 
tor) rate 40 and the blood pressure 110 sjstolic and 70 diastolic The essential 
ph>sical findings were a bruised area o\er the right e>e unequal dilatation of the 
pupils and ngidit) of the left leg Death occurred tw ent^ minutes after admission, 
before an) treatment could be instituted 


Auiops\ — Xo fluid was present in the pleural or peritoneal ca\nties The 
heart weighed 350 Gm The right lung weighed 700 Gnu and the left 400 Gm 
Both were firm and dark purplish Thin bright red fluid exuded from the cut 
surfaces , the bronchi w ere filled wuth a pink froth^ fluid The spleen w eighed 
370 Gm It was slate blue and \eo soft The splemc pulp was soft and hemor- 
rhagic and scraped readih The Iner weighed 2 240 Gm It was smooth and 
reddish brown The gastrointestinal tract re\ealed moderate congestion of the 
gastric mucosa The right kidne) weighed 190 Gm and tlie left 200 Gm Both 
re\ealed \ascular congestion of the cortex and medulla. 

Examination of the head re\ealed a subcutaneous hematoma o\er the ngnt 
panetal and frontal regions and a \ -shaped fracture of the skull, wit out 
sion ^ large extradural clot (11 5 bj 8 5 b> 4 cm ) compressed the right frontal 
and panetal lobes of the brain. There was no gross destruction of the brain 

Microscopic examination of the lungs re^ealed congesUon oi the ^o\zr capil- 
lanes and considerable fluid in the aheoli and bronchioles Red blo^ ce Is were 
found in tlie aheoli and bronchioles and there was a moderate number of heart 
failure” cells The spleen was markedb congested Red blood cells appeare 
be undergoing hemohsis There was much iron^ontainmg ^ 

macrophages and also l)nng free There was moderate congestion of the blood 
^essels of the Iner, and swelling and ^acuoIatlon of the Iner cells No iron 

containing pigment w^s present , , ^ tt 

Case 2-T W a Negro man aged 29 ^^as admitted to the John Gaston Hos 

ctate with a gunshot wound of the head. The 
P<tal in IVIemphis m an j pressure 106 ststolic and 60 diastolic 

pulse rate was 120 per minute and the blood pressure lo 

Death occurred within six hours 

. ^ j ,n the pleural or peritoneal canties Ihe heart 

Autopsy— Iso fluid was found P weighed 720 

w eighed 340 Gm The cham ers |ppg „ eighed 640 Gm and 

Gm and was soft, elastic and air c 
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was congested at tlic base The spleen weighed 160 Gni It was firm and dark 
red The Iner weighed 1,580 Gin and presented no gros<; pathologic changes 
There were no gross changes in the gastrointestinal tract The right kidnc\ 
weighed 180 Gm and the left 170 Gin 

Examination of the head rc\cakd hemorrhage into the tissues of the scaln 
The dura mater was torn at the sites ol entrance and exit of the bullet and at 
these points large hematomas laA beneath the dura There was marked destruction 
of the tissue of the left cerebral hemisphere 

^Microscopic examination of the lungs rc\caled considerable emplnsema There 
was marked congestion of the aUeolar cajiillaries, and fluid and red blood cells 
were found in the aheolar spaces There was a moderate number of ''heart 
failure’ cells The sinusoids and capillar\ spaces of the spleen were markedh 
congested, and man} macrophage cells contained iron pigment The capillaries 
of the liver were congested in the region of the central ^elns The kidncNS 
revealed marked \ascular congestion and parcncln matous degeneration of the 
tubular epithelium Examination of the brain re\ealcd hemorrhage into the cere- 
bral tissue, wnth necrosis and infiltration b} pohmorphonuclear leukoc}i:es Phago- 
cytic mononuclear cells contained iron pigment The remaining Aiscera showed 
congestion of the capillaries 

TRALM\ TO \BDOMEN VXD THOR-VX 

Eaily Death luith Open Hcino) ) hage 

Case 3 — J C, a Negro man aged 59 was admitted to the John Gaston Hos- 
pital in ^Memphis wnth a gunshot wound of the upper part of the abdomen The 
intravenous administration of fluids was without avail, and death occurred eight 
hours later 

Autopsy — The peritoneal cavitv^ contained 1 800 cc of fluid and clotted blood 
There was no fluid in the pleural cavnties The heart weighed 470 Gm and the 
left ventricle was hypertrophied The right lung weighed 400 Gm and the left 
360 Gm Both presented mild congestion The spleen weighed 80 Gm and w'as 
dry and contracted The liver weighed 1,680 Gm and there was a large laceration, 
surrounded by hemorrhage, in the left lobe Examination of the gastrointestinal 
tract gave essentially negative results There was no evidence of vascular con- 
gestion, and the v^essels were contracted and contained little blood The right 
kidney weighed 160 Gm and was pale The left weighed 210 Gm , and tlie upper 
pole was lacerated by the passage of the bullet 

Microscopic examination of the lungs rev^ealed marked emphysema but no 
edema There were many “heart failure’ cells in the alveolar v\all and alveolar 
spaces Examination of the liver rev^ealed hemorrhage into the tissue, with mild 
early inflammator} cell invasion The adjacent hv^er cells were edematous Exami- 
nation of the kidney revealed considerable hemorrhage into the renal tissue, with 
an infiltration by polymorphonuclear leukocytes 

Comment — The case just described illustrates that trauma to an organ, espe- 
cially by a bullet, causes an increase m its weight, which is partly due to an 
infiltration of blood into the tissues and parti} to an imbibition of fluid from the 
capillaries by the injured or dying cells In some instances the fluid shift into an 
injured viscus may represent a considerable loss from the general circulation 
The increase in weight of an injured viscus must therefore be taken into consider- 
ation in estimating the total diminution of the effective blood volume 
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LojIv Death zuifh Closed Hemorrhage 

Case 4— L P , a Xegro \outh aged 17 was struck b\ an automobile two hours 
before admission to the John Gaston Hospital in Memphis Examination repealed 
a compound fracture of the left tibia and fibula a laceration of the left inguinal 
region, dislocation of the right hip joint and comminuted fractures of the pehns 
on the nght side The temperature was 100 6 F the pulse rate 145 per minute, 
the respiratorv rate 68 and the blood pressure 130 s\stohc and SO diastolic The 
red cell count was 4 000,000 The intra\enous administration of fluids was without 
a\*ail, and deatli occurred within eight hours 

Autops\ — The injunes aI^ead^ listed were lound on postmortem examination, 
and, in addition, a badh comminuted tracture ot the pcl\nc arch on the lelt side 
There was a small amount of blood (50 cc ) in the pehas and several large hema- 
tomas were present in the mesenter\ of the small intesUne In the lower portion 
of the pelns was a massne retropentoneal hemorrhage which extended into the 
fat around tlie unnarv bladder There w*as no fluid in the pleural cavities The 
heart weighed 320 Gm and was contracted but re\ealed no other pathologic 
change The right lung weighed 400 Gm and the lett 320 Gm both repealed 
moderate congestion and edema The spleen weighed 80 Gm and was contracted 
and pale The Iner weighed I 020 Gm and wa^ pale and bloodless The gastro- 
intestinal tract was pale and the blood \essels contracted- The left kidney weighed 
160 Gm and the nght 150 Gm both were pale 

On microscopic examination the lungs showed marked congestion of the al\eo- 
lar capillanes Fluid was present in the aheoli together with red blood cells 
and '‘heart failure” cells Examination ot the spleen re\ealed the sinusoids and 
blood \essels to be empt> of blood The Iner cells were moderatel) swollen and 
granular, there w’as no congestion of the blood \esseF The brain re\ealed con- 
gestion of the meningeal vessels 


Case 5 — L M , a Xegro man aged 24 buffered a stab w o and oi the abdomen 
thirt> minutes before admission to the John Gaston Hospital in Memphis The 
temperature was 96 F the pulse rate 120 per minute and the blood pressure /6 
sjstohc and 50 diastolic The red blood cell count was 3,200 000, the white blood 
cell count 8 200 and the hemoglobin 9 4 Gm per cent The intra\enom, adminis- 
tration of fluids was without a\ail and death occurred at the end ot ten and a 
half hours 


Autopsy — Large hematomas were found in the lett psoas muscle The*"e w*a« 
no fluid or blood in the peritoneal ca\It^ or the pleural ca^^tIes but large hema- 
tomas w ere found in the mesenter) of the small intestine and the trans\ erse meso- 
colon- The heart weighed 300 Gm It was contracted and the m^ocardlum was 
pale. The nght lung weighed 650 Gm and the left 480 Gm The lung tissue 
on both sides was dark reddish purple and firmer than normal \ thin reddish 
fluid could be squeezed from the cut surfaces The spleen weighed 90 Gm and 
was contracted and relam eb bloodless The Iner weighed 1 480 Gm and the 
parenchjmia was pale The gastrointestinal tract was pale and presented no 
dence of ^ascular congestion- The left k^dne^ weighed IdO Gm and the ngnt 
140 Gm The pa^ench^Tna was pale 

Microscopic examination of the lungs showed marked congestion oi aheolar 
capillanes Man> aheolar spaces uere filled ^tith fluid, red blood cells and numer- 
ous macrophage cells containing iron pigment Occasional areas ot ^-^Phxscma 
and atelectasis uere obserced Examination of the spleen repealed that the mus- 
oids and capillaries contained little or no blood there u ere ^ 

blood pigment. There ^^as cloud^ suell.ng of the hepatic cells the central 
tessels uere not congested There uas cloud^ suelling o. the epithelium of the 
comoluted tubules of the kidnejs 
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Ea)Iy Death Regional Scgi eqation of Blood 

Case 6— T a wliitc man aged 23, suffered a stab wound of the left side 

of the chest at the fiftli intercostal space in the midcIaMcular line The injun 
occurred half an hour before he was admitted to the John Gaston Hospital m 
Memphis, and death took place before treatment could be instituted 

Auiopsx — There was no fluid in the pleural or peritoneal caMties TIic pen- 
cardial cavity contained 500 cc of frcshl\ clotted blood There was an incised 
wound of the right \cntriclc on the anterior surface The left lung weighed 500 
Gm and the right 650 Gm Both were dark red and firm, and frotln fluid could 
be expressed from the cut surfaces The spleen weighed 200 Gm It was dark 
blue, firm and congested The h\cr weighed 1,800 Gm and exhibited moderate 
vascular congestion The gastrointestinal tract rc\calcd congestion of the mesen- 
teric Aessels The right kidnc\ weighed 160 Gm and the left ISO Gm The 
cortex and medulla were congested 

^Microscopic examination of the lungs rc\calcd marked congestion of the aheo- 
lar capillaries The aheolar spaces were full of fluid, and there were mam ‘'heart 
failure” cells Examination of the spleen re\ealed the blood \esscls congested and 
much iron pigment present The remaining Mscera showed \a5cular congestion 

EaAy Death loith Injection 

Case 7 — A IM, a Negro man aged 53, suffered a gunshot wound of the left 
upper quadrant of the abdomen half an hour before admission to the John Gaston 
Hospital m ^Memphis The temperature was 95 F, the pulse rate 120 per minute, 
the respiratory rate 24, and the blood pressure 60 sjstohc and 40 diastolic The 
red blood cell count w^as 5,220,000 and the white blood cell count 27,450 The 
intravenous administration of fluids was without aAail, and death occurred within 
tw^enty-eight hours 

Autopsy — The peritoneal ca\nty contained 500 cc of grape juice-colored fluid, 
and the left pleural ca\nts% 150 cc of strawy-colored fluid There was no fluid in 
the right pleural cavity The pericardial cavity contained 15 cc of clear fluid 
All the tissues of tlie posterior abdominal w^all w^ere discolored by extensne inter- 
stitial hemorrhage and w^ere markedly swollen and soft in consistenc} Anaerobic 
cultures from this area w^ere made wyithin an hour after death and re^ealed a 
growth of Cl wyelchii and Bacillus coli The tissues of the left renal fossa were 
hemorrhagic 

The heart w^eighed 340 Gm and w^as contracted The right lung weighed 660 
Gm and the left 510 Gm Both w^ere dark reddish purple and firmer than normal 
Reddish, frothy fluid could be expressed from the cut surfaces The spleen wyeighed 
180 Gm and w^as firm in consistency The surface w^as dark blue and the cut sur- 
faces reddish brown The stomach and small intestine were dilated wntli gas, 
but the remainder of the gastrointestinal tract revealed notliing of note The 
pancreas show^ed a moderate amount of hemorrhage into the tissues surrounding 
the distal half The right kidney w^eighed 170 Gm and the left 180 Gm Botli 
showed a moderate degree of vascular congestion 

l^Iicroscopic examination of the lungs show^ed fluid in the alveoli Numerous 
“heart failure” cells containing iron pigment were observed, and the red blood 
cells in the alveoli were undergoing hemolvsis The spleen revealed extreme 
engorgement of the blood vessels wyith red blood cells, many of which w^ere under- 
going disintegration, much iron containing pigment w^as noted The central 
capillaries of the liver were moderateb engorged wyith blood There was paren- 
clnmatous degeneration of the liver cells, and the Kupffer cells contained iron pig- 
ment The intertubular capillaries of the kidneys, as well as the glomerular 
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capillanc5, were congested Tlie remaining \nscera showed a moderate grade of 
\’ascular congestion 

Dclay;ed Death zintli Open Hemorrhage 

Case 8 — D W, a Negro man aged 22, was admitted to the John Gaston 
Hospital in Memphis shortly after he had sustained a bullet wound of the left 
side of the chest Dyspnea was present, and rapidl} increased. Nine hundred 
cubic centimeters of blood was remo\ed from the left thoracic ca\rt 3 two da\s 
after admission The bleeding continued, and death occurred four da 3 s later 

Autopsy — The mucous membrane and skin were pallicL No fluid or blood 
was present in the peritoneal ca\nt> The left pleural ca\it 3 contained 1,500 cc 
of blood, which was partialh coagulated There was no fluid in the right ca^^t^ 
The left lung was airless and collapsed, the nght lung was ^olumInous, moist 
and congested The heart weighed 300 Gm, it re\ealed no significant changes 
The spleen weighed 340 Gm and was soft, the pulp scraped readil} The Iner 
weighed 1,600 Gm and was pale The left kidney weighed 220 Gm and the 
nght 200 Gm The remaining ^^scera showed no changes 

^licroscopic examination of the lungs re\ealed congestion of the aheolar capil- 
lanes The aheolar spaces were filled with fluid fibrin, pohmiorphonuclear 
leukocj’tes and large mononuclear cells which contained browm pigment. The 
spleen showed cellular h>perplasia The kidnejs repealed cloud} swelling of the 
tubular epithelium of the con\oluted tubules 


^ , TRAL MA DLE TO BUR^'S 

harly Death 

Case 9— B Y., a Negro woman aged 26 was admitted to the John Gaston 
Hospital m Hemphis wth extensne bums of the bod\ The red blood cell count 
^^•as 6,176,000 and the ^\hite blood cell count 38 000, the hemoglobin in as 19 Gm 
per hundred cubic centimeters Intraienous fluids iiere administered, but no 
improi ement i\ as obsen ed, and death occurred fii e hours after admission to t e 
hospital 

Autopsy — Extensne bums co\ered the bod} from head to foot The 
portion of the body presented second degree bums and the lower portion, third 
and fourth degree bums No free fluid was obsen ed in the penton^l or pleural 
caiities The pericardial sac contained 10 cc of clear straw^olored fluii The 
heart weighed 340 Gm and was contracted The nght lung weigh^ 38o Gm 
and the left 350 Gm Both were congested and edematous and fro*} ui 
exuded from the cut surfaces The spleen weighed 120 Gm. and was moderateh 
firm The cut surface was dark and reddish purple. The luer ^ ^m 

and w as of normal consistent The color w as pale j ellow ish brow n The ^stro- 
,„C. pre..„.«i no cta.es The 

the left 140 Gm Both were dark purple On the ngnt siue we 
petechial hemorrhages into the mucosa of the 

ureter The remaining nscera ^e°'ifeola°r°mpiIIanes of the lung. 

Microscopic examinahon considerable fluid, in which 

Here extremeb congested The a , , emthehum Occasional heart 

tiere red blood cells and ^ and capillanes 

failure- cells contammg iron and increased amounts of iron pigment 
of the spleen were markedlj «mg metamorphosis The tubular cpithc 

were present The Iner reiealed , . parenchimatous degeneration and 

hum of the kidneis had brownish pigment. The capillan- 

manj of tlie tubules and ^ , medullarj tissue was edematou- 

Of the adrenal glands were congested ana uic 
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D clayed Death 

C\SE 10 — F L, a Negro woman aged 19, suffered first and second degree 
burns of the left arm, tlic nglit axilla, the back and the abdomen just before she 
was admitted to Chant} Hospital of Louisiana at New Orleans Fluids were 
administered intraAcnouslv to the limit of «?afct\, but were without effect, and 
death occurred fi\e da\s after the injur} 

infopsx — The subcutaneous tissues of the entire bodv were found to be 
markedly edematous There was no fluid in tlic peritoneal cantN Each of the 
pleural canties contained approximateh 300 cc of clear straw -colored fluid, and 
the pericardial caMt\ contained approximateh 100 cc of the same type of fluid 
The heart weighed 250 Gm and rc\calcd no gross pathologic changes The nght 
lung weighed 750 Gm and the left 600 Gm Both were firm and reddish purple 
Considerable frothy fluid escaped from the cut surfaces The spleen weighed 
220 Gm It was firm and purplish brown The h\er weighed 1,600 Gm It was 
}ellowish brown and firm The mucosa of the stomach and jejunum appeared 
diffuse!} hemorrhagic, wuth marked \ascular congestion and numerous petechial 
hemorrhages No e\idences ot ulceration w^ere obser\ed at an} point along the 
gastrointestinal tract The left kidne\ weighed 180 Gm and the nght 170 Gm 
Both w^ere firm and reddish brown The nght adrenal gland re\ealed no gross 
pathologic change, on the left side gross hemorrhage had occurred into the 
medulla and cortex of the gland 

Microscopic examination of the lung re\ealed marked congestion of the aheo- 
lar capillaries Fluid, red blood cells and '‘heart failure’' cells were obser\ed in 
the alveolar spaces In the spleen the sinusoids were packed wutli red blood cells 
undergoing disintegration Large amounts of iron-containing pigments were pres- 
ent both wathm the macrophage cells and free m the tissues Fatty metamorphosis 
was observ^ed in tlie Iner The stomach w^all repealed extreme congestion of the 
mucosal and submucosal capillaries, wuth free hemorrhage into the tissues There 
was no necrosis of the epithelium The glomerular capillanes of the kidne\ were 
markedly congested, and the tubular epithelium exhibited parench} matous degen- 
eration 

TRAljMA DUE TO OPERATION 

Case 11 — S M B, a Negro woman aged 36, was operated on at ChariU Hos- 
pital of Louisiana at New^ Orleans for uterine fibroids Subtotal hysterectomy was 
done, with the patient under ether anesthesia Four hours after the operation 
she went into a state of shock from wduch she never emerged There was no 
response to intra\enous fluid therapy or to blood transfusion Death occurred 
thirty-six hours after operation 

Autopsy — The peritoneal cavity contained 1,000 cc of blood There was no 
fluid in the pleural cavities The pericardial cavity contained 40 cc of straw- 

colored fluid The heart w^eighed 300 Gm and w^as contracted The nght lung 

weighed 320 Gm and the left 230 Gm Both contained air and w^ere pinkish gra} 
The spleen w^eighed 220 Gm It was firm, dark blue and congested The li\er 
weighed 1,900 Gm It was firm and reddish brown The only pathologic change 
obser\ed in the gastrointestinal tract was a moderate congestion ot the mesentenc 
and omental blood \essels The right kidney weighed 240 Gm and the left 260 
Gm The blood vessels of the renal cortex and medulla w^ere congested 

Microscopic examination revealed the aheolar capillaries of the lung to be 
markedly congested Numerous 'heart failure" cells were present in the aheolar 
spaces No edema w^as observed The sinusoids and capillaries of the spleen 

were markedly engorged with red blood cells The capillaries m the neighbor- 

hood of the central veins of the liver were congested The other viscera showed 
evidences of vascular congestion 
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A senes of abdominal roentgenograms recenth encountered at the 
San Francisco Hospital led us to re\ lew the subject of the differential 
diagnosis of intestinal obstruction from the roentgenologic standpoint 
and to make a tabular stud\ 

From approximate!} 250 cases in which either a clinical or a roentgen 
diagnosis of intestinal obstruction was made 100 cases were selected in 
w hich satisfactory roentgenograms w ere a\ ailable and in w Inch the 
diagnoses w ere established b} obseiw ation made at operation or at post- 
mortem examination or b\ what we considered incontro\ ertible clinical 
eMdence The distribution of these 100 cases according to final diagnosis 
IS given m table 1 

The criteria by 'i\hich tlie roentgenologic diagnosis of acute intestinal 
obstruction ma} be made ha\ e been outlined bA Laurell \\ angen 
Steen/ Granger/ Eliason and Johnson ‘ and mam others The differ- 
ential diagnosis between distention from mechanical obstruction and 
distention from peritonitis ("parahtic ileus) or from another cause has 
also been discussed e endea^ ored to select the more important o 
these criteria and tabulated our cases according to the relatn e frequenc\ 


From the Department of Medicine (Dnas.on of R^d.ologj) Sanford 

Unuersitj School of Med.ane and the Department of Public Health of the Ou 

of San Francisco (J C Geiger Director) Pnentcren 

1 Laurell, H Roentgenologic Signs of Abdominal Effusions Roentgen 

Diagnosis of Peritonitis, Acta radiol 5 63-104 \9-6 Tntpstmal 

O / N iTr * n U ^nd Paine J R Treatment of Acute Intestinal 

2 (a) Wangensteen, O H ana raiuc j ^ 11 'I 

’"Taa',': E E.‘’nd" Johnson J D..p...hc Fen, nr., o. II... Bnd..lo=. 
26 342-348 (March) 1936 

5 (o) Laurein W Ochsner and Granger - 
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and severity of these findings in each of several common pathologic 
conditions Each roentgenogram was scrutinized carefully, and the data 
given under the headings of table 2 were recorded 

By the separation of the cases into the chnicopathologic groups listed 
m table 2, a relativel}'- high correlation of the data for each group was 
obtained The presence of this high correlation leads us to believe tliat 
there exists a more or less characteristic pattern of findings in cases of 

Table 1 — Fuial Diagnoses in One Hundred Cases of Intestinal Obstruction 

or Paralvlic Ileus 


Roentgen Diagnosis (Proved) 

I Obstruction Group 

A 

Small Bowel Large Bowel 

Final Diagnosis Obstruction Obstruction 


Adhesions 

Volvulus 

Hernia 

Carcinoma of colon 

Fecal Impaction 

Mesenteric thrombosis 

Regional Ileitis 

Intussusception 

Gallstone unpactlon 

Carcinoma of cervix with extension 


27 1 

2 4 

12 

8 

5 

1 1 

1 
1 
1 
1 


Pelvic inflammatory disease 
Perforated viscus 
Appendicitis 

Postoperative peritonitis 
Cholecystitis 
Acute enteritis 
Diverticulitis ^ 

Peritonitis 
Typhoid fever 
Morphine addiction 
Pyelitis 

Functional vomiting 


II Ileus Group 


t 

Ileus with 
Peritonitis 

6 

5 

7 

2 


2 

0 


Deus without 
Peritonitis 

1 

3 

2 


1 

1 

1 

1 


intestinal obstruction or paralytic ileus, which, considered with tlie 
clinical history, should enable the radiologist to arrive at an accurate 
diagnosis in most instances The roentgenologic findings alone, how- 
ever, are inadequate for diagnosis in about 15 per cent of cases, this 
IS shown by the selected cases presented in table 3, which are illustrative 
of the possibilities of error when the clinical findings are not given due 
consideration 

An abnormal amount of gas was found distributed in various por- 
tions of the intestinal tract m all of our cases except the 2 instances of 




Table 2 — Differential Diagnostic findings (Graded + to ++++ According to 
Sc7Trtt\) in Eiglity-Sczcn Tvpical Coses of Intestinal 
Obstruction and Paralytic Ileus* 




Average Amount 

Degree 




Degree 



Dura 

Of Gas 

of Dis 


‘ThlcL 

Visibility 

of 


^um tion of 

in 

teutlon 


enlug’ 

of 

Disten 


ber 

Symp- 

lute* 

of 


of 

Properl 

tion of 


of 

toms in 

tlnal 

Small 

Fluid 

Bowel 

toneal 

Large 

Diagnosis 

Cn*cs Hours 

Tract 

Bowel 

Levels 

Wall 

Fat Line 

Bowel 

Early small bowel ob*truc 
tIon t simple 

Early small bowel obstruc 

7 

15 


4-4- 

4-4-4- 


4-4-4- 

± 

tion stmngulatcdt 

Date small bowel obstruc- 

S 

IS 


4-4- 


4-4- 

-f-4- 

± 

tion t simple 

Late smaJl bowel obstruc 

20 

65 


->--H4- 

4-4-4- 

4-4- 

4-4-4- 

± 

tion strangulated 

G 

4S 

+ + + 

4'4--t- 

-^4-4- 

4-4-4- 

4- 

4- 

Appendicitis perforated 
Peritonitis due to i>elvlc in 

7 

56 

+ -I- + 

-^4- 

4-4- 

-f4- 

4- 

4--I- 

4-4- 

flammatory disease 
Peritonitis due to other 

G 

96 

+ 4- 

± 

4- 

4-4- 

4-4- 

4-4- 

cou*es 

12 

SO 

+ 

4-4- 

4-4- 

4-4- 

4-4- 

Acute cholecystitis 

3 

32 

+ -}- 

-f 

4- 

4- 

4-4- 

4-4- 

Large bowel obstruction 

0 

112 

4- + -^ 


-H4- 

4-H 

4-4- 

4- 4-4-4- 

Large bowel volvulus 

4 

114 

4--h4-4- 

4-4- 

4-^4- 

4- 4-4-4- 

4- 

4-4-4- 

Fecal Impaction 

5 

(2(HS) 

S3 

4- + 


4- 


4-4-4- 

4-4- 


* Data on the other 13 cn^es are lifted In table 3 

f Early obstruction Is that observed Tvlthin twenty four hours of the onset of the symp 
tone late obstruction after that time 

t Strangulated obstruction Is obstruction o‘:«ocIated with partial or complete ocduslon of 
the Ta®cular supply of the Involved segment of bowel peritoneal exudate appears ear y n su 
ca'^es and prompt surgical intervention Is Imperative 


Table 3— Differential Diagnostic Findings in Thirteen Atvptcal Cases of 
Intestinal Obstruction and Paralytic liens* 


Diagnosis 


Average Amount 
Dura of Gas 
>tum tion of in 
her Symp- Intes 
of toms in tlnal 
Cases Hours Tract 


Acute enteritis 

2 

95 

Typhoid fever 

1 

192 

Acute obstruction strangu 
lated 

2 

30 

Morphine addiction 

1 

96 

Mesenteric thrombosis colon 

1 

240 

Mesenteric thrombosis, Beam 

1 

72 

Regional IleJtls 

1 

1 yr 

Pyelitis 

1 

00 

Chronic pelvic Inflammatory 
disease 

1 

4S 

Gallstone Impaction duode 
numt 

1 

120 

Functional vomiting 

1 

4^ 




-}- + + + 
" 4 " 4 ^ 


Degree 
of Dls 


Thick 

Visibility 

Degree 

of 

tention 


enlng 

of 

Disten 

of 


of 

Proper! 

tion of 

Small 

Fluldt 

Bowel 

toneal 

Large 

Bowel 

Levels 

WaU 

Fat Line 

Bowel 

4-4-4- 

4-4- 

4-4-4- 

4- 

4- 

4-4- 

4-4-4- 

± 

4-4-4- 

4- 

0 

0 

0 

4-4- 

0 

4- 

0 

4-4- 

4-4-4- 

4-4- 

0 

n 

4-4- 

4-4-4- 

-f 4-4-4- 

4-4- 

4- 4-4-4- 

4- 

-f--!--!- 

4- 

H- 

? 

4-4- 

4- 

4-4- 

0 

0 

4- 

0 

4- 

0 

? 

4- 

4-4- 

4- 

0 

? 

4- 4- -t- 

4- 

4- 4-4-4- 

0 

? 

4- 


4- -I- 


The method of grading is the same as t lateral decubitus roentgenogram wn« 

t A question marL Indicates that n level* 

avanable to Indicate the presence or cecondary Beus (note the durntlon 

X This condition was complicated by peritonitis and 
fivo days) 
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acute obstruction listed in table 3 W e aie unable to explain the absence 
of gaseous distention in these 2 cases W'e did not find that the amount 
of gas in the stomach if it was present at all, was of an} significance 
Gaseous distention of the small intestine occurs m man} different 
conditions The mere presence of gas shadows in roentgenograms of 
the small bow^el, unattended b} significant distention of the lumen is ot 
little importance It is well known that swallowed air passes readih 
into the small bow’el wdien the person is in the recumbent or in the left 
lateral decubitus position ^ How e\ er w hen distention is present 
accompanied b} abdominal pain, nausea, ^omltlng and obstipation 



Fig 1 — Roentgenograms taken m 2 cases of earh obstruction of the small 
bowel, illustrating the difference in the apparent thickness of the bowel wall m cases 
of simple obstruction as compared wnth those of strangulated obstruction A shows 
sereral dilated, gas-filled loops of jejunum with normal “wall thickness” The 
patient was a 42 year old woman, who had cramps and nausea for eighteen hours 
and vomiting for four hours Operation showed ileal obstruction due to adhesions, 
there was no peritonitis B shows several dilated, gas-filled loops of jejunum with 
abnormal “wall thickness” (i e, peritoneal fluid) The patient w'as a man aged 
53 years, who had pain, nausea and romiting for tw'ehe hours Operation showed 
ileal obstruction due to an incarcerated left inguinal hernia, there w'ere peritoneal 
exudate and infection 

mechanical or parahtic ileus is fairly certain to be present If the 
symptoms are of less than fort} -eight houis’ duration if fluid let els are 
present, if the bowel wall is not ‘thickened” (separated) bt peritoneal 

6 Van der Burg L W Oxer het elimmeeren van darmgassen, storeiid 
xoor de rontgendiagnostiek. Thesis Bandoeing Jaxa, 1937 
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exudate and if the propcntoneal fat line " is eMdent, then acute mechan- 
ical obstruction should be suspected 

If apparent thickening of the bowel wall is seen (peritoneal exudate), 
with or without partial obscuration of the properitoneal fat line, the 
probable cause is either a strangulated intestinal obstruction or peritonitis 
with paraMic ileus Significant distention of the large intestine is 
eMdence of paral}tic ileus In cases in which the condition is of more 
than fort} -eight hours’ duration these differential characteristics are 
lost, according to our experience , this is presumabh due to peritoneal 
irritation and '‘secondar} ” ileus follow mg long-standing obstruction 
from an\ cause 



F,g 2 -Roentgenograms taken m 2 cases of late ‘’ll 

bowel, illustrating greater distention of the bowel as compar wi e 

earhe; stages illustrated in figure 1 These cases also show deference bet^re^ 

nonstrangulated and strangulated obstruction 4 shows \,oman 

of small bowel with a small amount of pentoneal exudate The p^en , a woman 
aged 62 jears, had cramps and romitmg for thirtj- our ours B shows 

ileal obstruction due to adhesions , there w as no pen onea m nentoneal 

sereral gas-dilated loops of jejunum separated bj a large “ 

exudate The patient, a man aged 46 jears had cramps 

two dajs , an enema elicited bloodj stools Operation showed ileocolic mtussuscep 
tion due to an ileal poljp, pentonitis was present 


We have learned .o place nruch greater confidence tn the presence ot 
pemoneal exudate, as shottn by apparent thtcken.ng ot the hovel 

~7T;T^„p.„.„e.I fa. hat ■= >1-= !."« .He 2”",,' sue" 

lateral portions of abdominal crests and the lower nbs 

the abdominal wall, it lies in ,5 presumabh due to edema of the 

Its obliteration is sugBfh'e °f pe P phne inflammation) 

fatt) tissues (cf the obliteration of the psoas b 
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(that IS, separation of adjacent loops of bowel), tlian in the obliteration 
of the propentoneal fat line as an indication of the presence of peritoneal 
irritation, or peritonitis The fat line was present in some of our cases 
of peritonitis of long standing, and was absent in a fair number of our 
cases m which no peritoneal exudate could be demonstrated Occa- 
sionally, when two roentgenograms uere made of the same patient at 
one examination, one of the roentgenograms shoued the line clear!} 
and the other showed no such shadow Wdien considered with other 
roentgenologic findings, houe\er, the propentoneal fat line is often of 
definite assistance in diagnosis 

Gas was present m the colon m the majorit} of cases in this series 
whether the distention \\ as due to mechanical obstruction or to parahiic 



Fig 3 — Roentgenograms taken in 2 cases of parah’tic ileus, illustrating marked 
gaseous distention and moderate peritoneal exudate A shows gas-dilated loops of 
small and large bowel and peritoneal exudate The patient was a woman aged 
30 years, who had nausea, "vomiting, abdominal pain and diarrhea for three dais 
The clinical diagnosis was ruptured appendix rvith peritonitis Conservative treat- 
ment was given and was followed by recover^' B shows gas-dilated loops of 
small and large bowel with some peritoneal exudate. The patient was a diabetic 
woman, aged 62 years, who had nausea, vomiting and abdominal pain for fire d 3 }S 
as well as some diarrhea The clinical diagnosis was acute enteritis and diabetic 
acidosis Conservative treatment was followed by recover}’’ Examination of the 
stools did not reveal Bacillus dysentenae, Bacillus Wphosus or Bacillus para- 
typhosus A or B 

ileus Any considerable distention of the colon led us to suspect peri- 
tonitis or some other cause of paralytic ileus unless the condition was 
in a late stage (duration over forty-eight hours) The absence of fluid 
levels in roentgenograms made with a horizontal beam was, m our 
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experience, good evidence of the absence of true obstruction or paralysis 
of the bowel , for example, ''dr} collections of gas are common accom- 
paniments of such condition as pAelitis and ureteral colic We tried to 
obtain roentgenograms \Mth the patient in an upright position when his 
condition warranted , m otlier cases posteroanterior roentgenograms 
made ^^lth the patient in the left lateral decubitus position vere satis- 
f actor} 

SUMArAR\ AXD COXCLLSIOXS 

Roentgenographic findings in 100 proved cases of mechanical or 
paral}n:ic ileus are presented in tabular form 

Earl} stages of acute mechanical intestinal obstruction due to 
adhesions or bands can often be differentiated roentgenologically from 
strangulated obstruction and from peritonitis 

Late stages of mechanical obstruction are frequentl} difficult to 
distinguish roentgenologicall} from paral\tic ileus and from mesenteric 
thrombosis 

Consideration of the clinical histoi*} and findings is essential for 
the intelligent interpretation of abdominal roentgenograms in cases of 
suspected intestinal obstruction 

There is a small group of cases in v Inch no roentgen evidence of 
intestinal obstruction is found, e\en though complete obstruction is 
present For this reason a negative roentgenologic report must not 
preclude careful clinical observation of the patient, supplemented b} 
repeated roentgenographic examinations at short inter\'’als (about four 
hours), until a diagnosis is established 
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Swgical Technic — Bonanome ^ stated that, although resection of tlie 
kidney is not a new type of interA^ention, it has Avithin recent years 
receiA^ed more attention as the result of improA'^ements in its technic 
Furthermore, the improvements that haA^e been achieved in diagnosis 
haA^e made it possible to recognize the precise indications for this 
operation 

Partial nephrectomy may be subdiAuded into two types polar (renal 
amputation) and median (renal resection) Bonanome gave the name 
of renal resection to the latter only On the basis of an illustratiA'^e case, 
he concluded that this operation is attended by no more dangers than is 
common nephrectomy and that it should be carried out Avhenever the 
proper indications are present If the portion of kidney to be removed 
contains a cavity, as it did m the case cited, it is advisable first to open 
this caAHty in order to learn the points at Avhich the incisions should be 
made in the kidney for the resection 

During resection of the renal parenchyma the author has nevei 
obserA'ed such hemorrhages as might necessitate making compression 

1 Bonanome, L Contributo alia resezione renale Caso clinico, Urologia 
6 3-6 (Alarch) 1939 
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on the renal pedicle, but the surgeon should ah\a}s bear in mmd the 
possibiht} of such an occurrence Small bleedings ha^e ah\a}s been 
controlled easil} b\ use of hot conipreb^es and b} approximation of the 
sectioned flaps In no case has it been necebsar) to ha^e recourse to 
interposition of autoplastic or heteroplastic substances for hemostasis, 
nor has there been am secondar\ hemorrhage 

In Bonanome s opinion the surgeon should discard, ^^hene^e^ possi- 
ble, the method of interposition of tatt\ r>r muscular tissues as a cover- 
ing, for hemostasis it is unimportant and lor reconstruction it is nearl} 
ah\a}s enough to approximate the sectioned haps if the surgeon bears 
this in mmd during section 

It IS desirable to bring the margins together In means of double 
catgut sutures that bite far into the capsule and parenclnma, as in the 
case cited In this na} it is possible to make much greater traction on 
the sutures m draning the flaps together nithout their cutting the sub- 
stance of the parench}ma Furthermore tener sutures are required to 
reconstruct the kidne} The capsule is then sutured separately m 
addition No fistula has e^er resulted after performance of this opera- 


tion b}^ the author and his associates 

Alathe stated that clampless nephrectoni} is the operation of choice 
in dealing \\ ith kidne\ s in w Inch such conditions as ectopia, incomplete 
rotation and aberrant distribution of blood a essels are present, in dealing 
until horseshoe kidne} and in those cases in nhich the surgeon is called 
on to remove a kidney destro}ed b} tuberculosis, p} oh} dronephrosis, 
formation of abscess or calculous disease It is also indicated for 
remo\al of the hydronephrotic kidney, in uhicli the elongated vessels 
readily lend themselves to clampless ligation 

Clampless nephrectoni} is contraindicated for patients suffenng from 
extensive perirenal fibrosis, for patients uith kidne}s uith a short 
pedicle, for patients presenting extensne scar formation resulting from 
previous operations and in cases of renal tumor 

Mathe’s technic calls for adequate exposure, careful dissection and 
meticulous manipulation of the renal blood ^ essels Clampless nep irec 
tomy is simplified and made safer b} dissecting tlie pedicle ree u it i 
mounted cherry sponge and by utilizing a nontraumatizing curbed 
mosquito forceps m order to place the ligature around the blood vessels 

that are to be ligated , or. . * 

Clampkss nsplirecloniy ..as successful!) pertocmed on 20 pa .en s 
Success depends on careful, cleancu. d.ssect.on ..h.d, pre.e.us m,«r. 
to surrounding structures It assures a more nearl. perfect ‘ 

accompanied by less shod, and ,s folio., ed b. a smoother com alesccncc 

than IS the case ^vnth other procedures 

C P Clanipless ^eph^ccto^l. J Lrol 42 in.-1144 (Dec ) 1039 
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Hess " discussed resection of the nb in renal operations, a procedure 
which he said he has been carrying out for tw'elve years An incision 
IS made m the skin over the twelfth rib, the rib is dissected free and is 
then resected from its attachment at the vertebra The kidney, sur- 
rounded by Gerota’s capsule, is then separated postenorly as far as the 
pedicle This is done with the surgeon’s fingers, by finding the line of 
cleavage betw'een Gerota’s capsule and the trans\ ersalis fascia Gerota’s 
capsule is then opened on the posterior surface of the kidne}, near the 
hilus, and the incision is enlarged with the fingers 

The advantages of the incision are (1) simplicit}' of operative expo- 
sure of the wdiole kidney and adrenal region with a relatively small 
incision, (2) protection of the iliohypogastric, ilioinguinal and inter- 
costal nen^es and vessels, preventing anesthesia of the low er abdominal 
quadrant, (3) less direct trauma to the muscles of the abdomen (which 
are always severel} injured by all other incisions in the lorn), preventing 
postoperative hernia, and (4) the fact that retraction is seldom necessarj 
and, when it is, need not be very forceful 

Hydroiieph) osis — Berkman and Pnestle} ® descnbed a sjmptom 
complex occasionally produced by unilateral uninfected h 3 ’^dronephrosis, 
wdiich is characterized b)'^ a dull, aching, nonextending pain in the upper 
part of the abdomen This pain is usuall)’- aggra^ ated by activity of the 
patient m the erect posture and relieved by his reclining on the back, on 
the opposite side or, rarely, on the aflrected side It is frequently accom- 
panied by anorexia and nausea, sometimes severe, and occasionally by 
vomiting Berkman and Priestley emphasized the importance of recog- 
nizing this s)’’mptom complex Patients wdio present tliese complaints 
without apparent organic disease to explain their sj^ptoms frequentl) 
may be considered neurotic, because pltysical examination, urinalj'sis 
and roentgen studies of the gastrointestinal tract, kidneys, ureters and 
bladder may re\eal nothing abnormal Intravenous urographic exam- 
ination IS the best method of confirming the suspiaons which the 
patient’s history may arouse Treatment is surgical The best type of 
surgical procedure to emplo)'^ depends on the cause and nature of the 
hydronephrosis Sixteen instances of the condition have been encoun- 
tered, 4 of w'hich are presented m detail 

T U11IOI — Ostrum and Fetter * stated that advanced renal malignant 
disease frequentty exists without sjmptoms referable to the organ of 

2 Hess, E Resecuon of the Rib in Renal Operations, J Urol 42 943-949 
(Dec) 1939 

3 Berkman, J !M , and Pnestlej , J T The “Position-Relief Sj'ndrome’’ of 
H3 dronephrosis, ilmnesota Med 22 217-222 (April) 1939 

4 Ostrum, H W , and Fetter, J S Silent Nephroma, J Urol 43 39-SI 
(Jan) 1940 
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ongin but, rather, with s}mptonis pointing almost evclusn^ely to sites 
of distant metastases 

The usual clinical triad of heniatuna, pain and abdominal tumor is by 
no means essential to the focusing of clinical suspicion on the urinary 
tract If an} one of these three clinical manifestations is obsen^ed, 
*'a uroradiographic stud} is indicated, proMded a defimte diagnosis is 
not otherwise forthcoming in due time 

When a malignant bone lesion is noted or suspected m the course 
of radiograpliic or roentgenoscopic examination, particularh in the aged, 
the urologist alwa}s should imestigate the kidne\s before concluding 
that the condition has been sufficient!} studied 

The occurrence of e^en a single episode ot gross or microscopic 
hematuria should alwa}s be noted with serious concern 

Ivlaslow^ ^ reported 3 cases of ilms s tumor w ith the possible 
existence of a fourth, in children of the same famil} All 4 children 
were normal, had been delivered at full term and apparently had been 
normal in e\ery respect until they were taken ill There were 2 boys 
and 2 girls, and their ages ranged from 13 months to 4 }ears The left 
side w^as inAohed in 3 children, the nght, m 1 Abdominal tumor was 
the presenting s}Tnptom in 3 cases, and the fourth child was brought to 
the hospital wnth symptoms of intestinal obstruction Hematuria was 
present in 1 case According to the mother, m 3 of the children the 
onset of abdominal enlargement was preceded by an acute condition 
acute tonsillitis in the first, injur} from a fall in the second and se^ere 
chickenpox in the third One patient receued no treatm^t at a 

1 w^as operated on with a diagnosis of ileus, and an inopera e i ms 
tumor w^as found, 1 undenvent nephrectom} and postoperative roentgen 
therapy, and 1 received preoperatne roentgen therapy o owe } 
nephrectom} and postoperative roentgen therapy 

Smj^h « stated that not infrequently hypernephromas ^e^^lop silent 
and that metastasis may be the first sign of the isease . 

2 cases In both there was an absence of unnao^ sj 

the metastasis first drew attention to the disease In ^ 

^.h,ch was not palpable infiltrated the kidney rapidly caused ^^.de 
spread dissemmatmn, whereas m the other case a slow, mdolent type 

growth gave rise to solitary^ metastasis Praasch 

SmyS d..c„ssed the uvo class, ficahons of FooUs and Braascl,_ 

aheolar carcinoma, nhich is the mo^ 'fa, e" clinical history of the 

cnoma, which ,s the less malignant type The clinical ry 

L a Wilms Tn,.r 

Fourth One m the Same Famib* J ^ g „ 27 266 274 (Oct ) 

6 Sm>th, M J Sdent H3 pemephromata Bnt J Surg 

1939 
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less malignant tjpe is sometimes remaikably prolonged In some 
patients the disease has existed from tw enty to forty years One patient 
had had a palpable tumor for thirt} } ears, and in anothei a growth was 
known to have existed for sixteen years 

]\ietastases may cause confusion, and in the absence of a biopsv 
investigation of the kidneys should not be foi gotten Smyth stated that 
evidence of only one metastasis should encourage the surgeon to under- 
take the double operation, since it may mean complete eradication of 
the disease 

Adams and Hunt ' stated that Wilms’s tumor of the kidney is the 
most common abdominal tumor in children 

The usual finding m cases of Wilms’s tumor is an abdominal mass, 
frequently accompanied with loss of appetite, dilated superficial veins, 
vomiting and abdominal distress Hematuria is rare Some aspects of 
W ilms’s tumor can be simulated b} neoplasms of the adrenal gland, other 
retroperitoneal neoplasms, tumors of the luer and unusual congenital 
anomalies 

A reasonably accurate diagnosis should always precede lieaA^ pre- 
operative irradiation therap^ Radiosensitiveness is of no value m tlie 
differential diagnosis of Wilms’s tumor 

Medulloblastoma of the adrenal gland is more radiosensitive than 
Wilms’s tumor, and in certain cases of unverified Wilms’s tumor m 
which the patients were reported cured b} irradiation the tumor probably 
was medulloblastoma 

Preoperative irradiation followed by nephrectomy when practicable 
is advocated as the treatment of choice for Wilms’s tumor 

Excretory urographic study after intramuscular injection of diodrast 
(a solution of 17 to 35 per cent d.S-diiodo-d-pyridone-iV-acetic acid and 
diethanolamine) is a safe and helpful diagnostic procedure in case of the 
existence of small or blocked veins and in the handling of uncooperative 
patients 


Tiibercidosts — Howard® discussed the management of the ureter m 
the presence of tuberculous lesions of the kidney He wrote that he 
removes the kidney in the usual manner, freeing it of its pedicle, but tliat 
he does not cut the ureter The kidney, still attached to the ureter, is 
pulled out from the lower angle of the wound The wound is covered 
with an alcohol-soaked sponge, and the kidney is cut from the ureter, 
Yi inch (1 27 cm ) of the ureter being left protruding A catheter or a 
glass connecting tip is introduced into the lumen and tied This facih- 


7 Adams, P S, and Hunt, H B Differential Diagnosis of Wilms Tumor 
Assisted bj Intramuscular Urographj, J Urol 42 689-708 (No\ ) 1939 

8 Howard T L The Management of the Ureter in Tuberculous Lesions 
of the Kidnej, J Urol 42 1003-1009 (Dec) 1939 
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tates treatment ot the ureter and bladder b\ instillations or irngationb 
with an\ antiseptic medium or solution 

Henhne,® m discussing Howards paper, said that the question ot 
proper treatment of the tuberculous intcctcd ureter alter ntphrectuiii^ 
IS still unsettled Formation of draining sinuscs has occurred alter 
nephrec:tom\ for tuberculosis in 67 7 per cent ot 97 ca^e-' recenth 
studied 


Most urologists bclic\c that these smusc^ rc'^uli in*in inieaion m 
the stump of the ureter Howc\cr some bclic\c tint the perirenal tat 
IS already infected when tuberculosis ot the kidne\ is di5CO\ered or 
becomes infected from manipulation during nephrectom\ and that the 
wound will break down and tonn a sinus regardless ot the treatment 
ot the cut end of the ureter 

Following Howards suggestion Henline in perturniing se\en 
nephrectomies in 7 cases of tuberculous kidne\ clamped and tied tlie 
pedicle, permitting the k^dne^ to remain attached to the ureter until 
the entire -wound was sutured Ihe ureter with the kidne\ attached 
emerged at the anterior angle ot the wound 

The wound remained closed in 4 ot the / patients, except at tlie 
site of the ureteral transplant to the skin Two ot tlie tour urete 
wounds healed in fift}-four and eight\ -three da}S respecti\eh, and 
the time of Henline’s discussion the other t\^o were still dramiiij^, tw 
hundred and ten and se^ent}-fi^e da^s respecmelj after operation 
The renal -wounds ot the remaining 3 patients opened, t o^e o 
closing m one hundred and eight} -six and one hundred an ei^ t } 
respecti\el} and the third continuing to dram eight}- ^e a}s 
operation Four ureteral stumps remained ^uable 
an a\erage of nineteen da}S after operation, whereas t ee o e s 
became necrotic and sloughed m sixteen da} s xocacero^ 
connecting tip was placed m an} of tliese ureters 

Mycobacterium tuberculosis was discovered m the --e ^ 
these patients The vesical sy-mptoms had complete y 
4 patients at the time Henlme spoke and were much impr v 

1 patient showed httle svmptomatic change fpu natients 

staled that the rttsults achieved 

% merel, transplanting the ” *'g,,7operation as much as he 

ha\e not reduced the morbidit} foil S 

a htiP treatment for unilateral and 
Stone — Priestley discussed the tr 

bilateral stag-hom renal calcuh 

9 Henhne, R B , in discussion on p Stag-Hom Renal 

^ 10 Pnestley, J T Treawen foj t,n.latc 
Calculi, J Urol 42 933-942 (Dec ) l^y 
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Laige, blanched lenal calculi often do not produce severe pain or 
otliei symptoms which direct attention to the urinary tract Despite this 
fact, stones of this t3^pe, whether unilateral or bilateral, cause progressive 
lenal damage When a unilateral stag-horn calculus is present, the 
chance of removing the stone and presennng a functioning kidne} is 
gradually reduced the longei opeiatioii is postponed When bilateral 
stag-hom stones are present, the outcome under medical management 
IS almost invariably progressive renal damage until renal insufficiency 
ensues Stag-hom stones can be removed from the kidney when renal 
function IS adequate, with a low operative risk and with the expectation 
of favorable late results in the majority of cases Earl) operation for 
unilateral or bilateral branched renal stones usually seems advisable 

If renal function is diminished, a period of appropriate preoperative 
preparation is essential The details of surgical management will var)’ 
somewhat m each individual case Pelviolithotom) , if feasible, is the 
operation of choice, if not, nephrolithotomy is required The insertion 
of a nephi ostomy tube at the time of operation is desirable Any obstruc- 
tive factor at the ureteropelvic juncture should be relieved if the con- 
dition of the kidney and of the patient warrants such a procedure 

Gonzalez obsen'^ed that it is common for patients v ho have 
undergone consen^ative operation for septic stones of the kidne) or of 
the ureter to manifest no improvement in their functional condition 
between entering and leaving the hospital This led him to watch the 
meclianical and functional results for a longer period Patients returned 
for troubles whicli could not be attributed to a return of lithiasis but 
were referable to lesions caused by the stone from the time of onset 
of the disease 

Seven patients were studied for an entire year after leaving tlie hos- 
pital The tune that these patients had suffered from symptoms of 
lithiasis before their operations ranged from two to twenty-six years 
Anatomic and functional changes had occurred m every case, but they 
were worst in those patients who had suffered longest before coming 
to operation The anatomic changes consisted chiefly of dilatation, espe- 
cially when ureteral stones had been present In such cases the lesions 
were even more pronounced and persistent, without modification, after 
operative treatment In all there was infection In every case there was 
deficiency of renal function Examination showed that the function 
remains stationary or even becomes worse after conservative treatment 
(pyelotomy, ureterostomy) Surgical treatment, then, has not arrested 
the progressive course of functional changes It is, therefore, evident 
that complete restoration must be considered improbable 

■ i * 

11 Gonzalez, R £tude de la fonction renale apres les operations conser'vatrices 
de la hthiase reno-ureterale, J d’urol 47 110-127 (Feb) 1939 
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The importance of these changes clcptndD on three factors (1) the 
stone and its localization, (2) the time elapsed and (3) presence of 
infectious processes What has happened that in replacing the 
damaged tissue, conncctnc tissue has not (»nl\ taken the place ot normal 
tissue but has invaded the latter o\er a uer or lesser tract, according 
to the age of the lesions This appln^ Uj chanj^cs in the ureter, pehns 
and calices and explains vhy urologibis c ninot expect ana'^umic forms 
and histologic structures to regenerate Viter these anatomic changes, 
the modifications of renal function depend on innumerable tactors, the 
behaMor of vhich is too complex to be determined Gonzalez concluded 
in agreement ith Hinman that the clnnges follow ing complete obstruc 
tion of the ureters are alike in all species proportional to the degree o 
the lesion and that compensator} Inpertrophy of the opposite kidne> is 
progressive and becomes anatomically complete between the thirtiet an 
the fortieth day, although the functional reserve has not yet attaine 


Its maximal power , 

He thus deduced that an obstacle causing changes m t e vena 

parenchyma causes proportional h}pertrophy in the opposite y 

Animal expenments show that the renal parencliyma that is eas 

is most likel} to recen e physiologic stimulants w ic con ro unc 

and reparation They show^ that repair of lesions is in 

tion to the time the lesions ha\e been evolving n cases m w 

opposite kidney remains sound, this kidney a one is capa e 

the needs of the situation This explains why lesions of the diseased 

kidney remain stationary are met in appreciating 

In climcal treatment, however di ignorance of the 

the exact form of the renal activity, It is evident 

mtimate mechanism of renal functm" 
that more study is necessary for 

of the urinary apparatus resent Prognosis must be 

to determine the degree of the g Treatment will depend 

reserved even after examination o ^ diagnosis vfith 

on the ability of the ^^rolo^s 

reference to the nature and ^ obstruchon of the urinan' tract 

Birdsall discussed the m subject matter of the paper com- 

m the formation of renal calcu us and 61 cases of ureteral 

prises a study of 150 cases o re ^pper portion of the 

calculi, totaling 211 cases o 

unnarj^ tract the ureter was the most frequently 

Nephroptosis with f unnars' tract in assoaation v ith 

encountered type of obstru tj-n,] 

— T ..dence of U^na^^ Tract Obstruction in Renal 

12 Birdsall, J C ”^1’^ 49 " 917-932 (Dec.) 1939 

Calculus Formation, J Urol 
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which renal and uieteral calculi were found In many cases compara- 
tively small calculi were demonstrated by pyelographic studies to be 
situated m the minor calices, giving evidence of haA mg been formed on 
the renal papillae Many other types of obstruction, such as bands, 
vessels, stricture of the ureter and various types of anomalies, such as 
renal duplication, crossed ectopia, horseshoe kidneys and polycystic 
disease, were tire underl}mig cause of hydronephrosis, stasis of urine 
and formation of calculus 

As a result of pyelographic studies, hydronephrosis was found to be 
present m 179, pyonephrosis in 23 and pyelonephritis in 9 cases Infec- 
tion also played an important role and was found in 168 cases, in 43 of 
which ureteral calculus was present and m 125 of which renal calculus 
was present 

Surraco described a technic for extraction of large calculi from the 
kidney, in which he makes use of extrinsic p 3 ’-elotomy instead of 
nephrotomy His method takes adi'-antage of the anatomic relations 
of the renal sinus, the pelvic cavities and the retropyelic vessels, all ot 
which he discussed The aim of his method is “to expose widely the 
posterior surface of the intrasinusal pelvis and that of the pnmar)’- 
calices” for the purpose of intrarenal exploration The operation con- 
sists of five stages, illustrated in Surraco’s paper by appropriate draw- 
ings It begins like any decapsulation procedure, a flap of capsule being 
cut in the form of an arc Tins cun^ed flap then corresponds to a sector 
of the posterior wall near the renal smus It is easy to free the capsule 
into the renal sinus, separating it from the postenor wall of this sinus 
It IS likewise easy to separate the retropyelic vessels at the same time 
with the capsule, to which they remain adherent, thus leaving the 
postenor surface of the cavities of tlie pelvicalicular system completely 
free The flap of capsule is then cut at its end, section being continued 
as far as the margin of the renal sinus Then in front of tlie retropyelic 
veins, which have been brought down by a series of strokes, the flap is cut 
as far as the interior of the renal sinus, whereupon the pelvis becomes 
fully exposed, its posterior surface as well as that of the pnmary calices 
being in full view 

An incision along the axis of the pelvis wall provide easy access to 
the calices Then by digital exploration the mouth of each calix can be 
found, dilated and penetrated to its apex wath bimanual palpation The 
finger, introduced into the calices, discovers all irregularities and foreign 
bodies that may he wathin them, extracts them and executes all necessar)^ 
maneuvers 

By means of this procedure it is possible to extract all coralhform 
stones, no matter how complicated their formation may be, proceeding 

13 Surraco, L A L’extraction des gros calculs du rein, pj'elotomie pos- 
teneure etendue pehn-caliculaire, J d’urol 48 217-223 (Sept) 1939 
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separatel}’’ in each calix, and when there are small fragments, the explor- 
ing finger within the canalicuh can perform a miniature nephrotomy to 
help in the extraction 

This method, therefore, permits the surgeon to explore with ease 
all the renal cavities, b}" double palpation, to disco\er ever^’’ change 
which may exist within diverticular cavities, to remove stones of all 
sorts, even those with \ery complex arborizations, to make with the 
exploring finger complementar}’’ nephrotomies and to carr}'' out ample 
drainage of all mtrarenal cavities 

Rupture — Peacock reported a senes ot cases and stated that 
rupture of the kidney may be produced b} apparently mild trauma 
Diseased kidneys are more prone to rupture than health}’^ ones Auto- 
mobile acadents constitute the greatest causatue agent Hematuna, 
localized pain in the loin, tumefaction and shock are the commonest 
S}Tnptoms Palpation and excretor}'' urographic study are the best diag- 
nostic aids Expectant treatment is supenor to immediate operation 

Trauma — Farman stated that the incidence of traumatic rupture 
of the kidney is lou but that such mjunes appear to be on the increase, 
mainly because of modern traffic accidents Farman reported 3 cases 
of total rupture of the kidney In 2 the rupture vas the result of an 
automobile acadent, and in 1 it followed a football injur} Nephrectom}’’ 


was performed in all 3 cases, with 1 death 

It is necessary to determine the extent and t}"pe of injur}'’ and the 
expected course Aside from the history of trauma, the presence of 
hematuria, pain m the renal region and some degree of shock, the 
physical obsen'^ations are important in determining the seventy of rena 
lesions Opimon dififers as to the relative xzlue and danger of 
scopic, pyelographic and mtravenous urographic examination Ihe 
argument against cystoscopic and pyelographic procedure in cases o 
renal injury is the possibility of introduang infection into a fertile 
bed of traumatized tissue and of increasing the hemorrhage Some 
urologists advocate mtravenous urographic examination, Jut the dis- 
advantage in Its use is that the roentgen findings cannot be depended 
on to portray the actual traumatic lesion, because the secretor} povers 
of the ladoey are reduced or mhtb.ted by trauma Etpen mental md 
clinical tnal has proved m general that retrogra ^ ^ r 

the more useful and dependable procedure for the early diagnosis ot 


severe injuries to the kidney r ^ Lnrinp\ 

In all cases in which there is no severe bleedmg from he kidnej 

and no demonstrable injurjf to other organs, a va.tmg poher 


14 Peacock, A H Rupture of the Kidne^ e=L 
^ F Diagnosuc 

the Kidney, JAMA. 114 210-216 (Jan 20) 1940 


J Surg 48 129-134 
Traumatic Rupture of 
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procedure of choice Rest in bed, application of an ice bag to the side 
and administration of morphine constitute the treatment to be employed 
Urologists are not at all in unanimous agreement as to the indications 
for operative mten'ention, mainly, m Farman’s opinion, because of the 
difficulties of correct interpretation of clinical and urographic data 
Early surgical exploration and repair are advocated by many because 
of tlie high mortality rate of rupture of the kidney Nephrectomy is 
indicated b)'’ extensne destruction of tissue, multiple deep lacerations, 
injur}’- to the pedicle, irreparable tears of the pelvis or ureter or per- 
sistent hemorrhage 

Some injunes of the kidney treated by expectant or conser^^ative 
surgical methods require secondary nephrectomy if complicating sequelae 
follow, such as persistence of a urinar)^ sinus, formation of a penrenal 
abscess or incapacitating chronic pyelonephritis 

Harrison reported 27 cases in which patients suffered from renal 
trauma In each instance injur}' had been caused b} direct application 
of force OA er the kidney 

Hematuria is the cardinal sign of injury to the kidney of a patient 
who has recently sustained an accident 

Consen ative treatment yields good results There is a tendency for 
spontaneous improvement to occur, because of the processes of natural 
repair The absolute indications for operation are persistent hemor- 
rhage, extravasation of urine and renal infection There ivas no mor- 
tality in Harrison’s senes 

Because of the possibility that congemtal or acqmred lesions of the 
kidney may antedate the trauma, tliorough studies of the uninjured 
kidney as well as of the traumatized organ must precede operation 

Pratiier evaluated certain obsen^ations and diagnostic procedures 
m the care of patients having renal injuries, differentiating those cases m 
which palliative measures will suffice from those in which surgical 
inten’-ention is necessar}' 

The important chmcal points which appear to place the condition m a 
group known as “contusions of the kidney needing only palliative treat- 
ment” are 

1 No evidence of shock (90 per cent of cases) 

2 No decrease in blood pressure dunng the first forty-eight hours 
of hospitalization 

3 No increase in pulse rate in 90 per cent during the first two days 
in the hospital 

16 Harrison, J H Trauma to the Kidne}', Surg , Gjmec & Obst 70 93-104 
(Jan) 1940 

17 Prather, G C Traumatic Conditions of the Kidney Clinical Obsen-a- 
tions, TAMA 114 207-210 (Tan 20) 1940 
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4 No increase in tenderness of the flank or of the abdomen during a 
fort> -eight hour penod after admission to the hospital 

5 Visualization of the injured kidney in a high percentage of cases, 
although secretion of dye injected intravenously may be dela 3 ’’ed or 
diminished 

For those patients who haAe true rupture of the kidne) and who 
do not die immediately from shock or hemorrhage, the following points 
seem pertinent The most important clinical observ^ation, vhich should 
be made by the same physiaan, is frequent examination for increasing 
tenderness and spasm m the lower abdominal quadrant of the injured 
side and evidence of spasm of the psoas muscles as evidenced by volun- 
tary flexion of the hip These features, Prather stated, indicate penrenal 
hemorrhage or extrarasation of urine and are present even before there 
IS an} change in pulse rate or blood pressure Use of intravenous 
pyelographic measures has been Prather’s routine Lack of vnsualization 
of the mjured kidney is important and indicates the presence of a patho- 
logic process requiring surgical treatment Visualization of the kidnev 
by means of intravenous pyelographic study does not rule out injur} 
deserving surgical treatment The choice between nephrectom} versus 
surgical repair of the mjured kidney must be left to the experience and 
discretion of the operator The condition of 1 patient who had traumatic 
severance of the renal pedicle and who lived for four days is described 
Microscopic examination of the kidney of this patient indicated general 
infarction, but a thin nm of viable cortical tissue w as present to a depth 
of 1 mm just below the renal capsule, apparently kept aliv^e by capsular 
vessels 

Perinephritic Abscess — Vergoz and Lenck made a study of 
antenor permephntic phlegmon, wnth special reference to diagnosis and 
treatment of the condifaon The diagnosis is particularly difficult because 
of the deep localization of such an abscess and because of the deceptive- 
ness of its symptoms, which frequently cause it to be mistaken for 
retrocecal appendicitis and other suppurativ^’e abdominal conditions Its 
relatwe rarity in comparison to the classic posterior permephntic abscess 
also misleads, so that the diagnosis is most frequently made onlv at 
operation A history of furunculosis, panans or traumatism, is of impor- 
tance m directing the diagnosis toward pennephntic abscess, and 
roentgen examination may then confirm its antenor locah 2 :ation Exces- 
sive elevation of the dome of the diaphragm and its immobihtv dunng 
respiration are signs that hav^’e been pointed out by certain authors 

Intrav^’enous urographic study, especiall} , ma} show the contours of a 
tumor and its relation to the kidney 

^ Vergoz and Lenck Du phlegmon pennephretique anteneur, T d urol 47 
369-394 (Mav) 1939 
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When the diagnosis cannot be made beyond the fact of the presence 
of an inflammatory tumor beneath the liver or near that organ and yet 
the possibility of an anterior pennephritic abscess is thought of, the only 
proper approach is the anterior route, with use of a transverse incision 
such as IS made for surgical conditions of the liver and bile ducts 
Exploration will then reveal the subperitoneal lesion in the region deep 
below the liver, where the posterior parietal serosa will be found to be 
red and edematous, with or without subjacent suppuration The sur- 
geon may then follow either of two courses ( 1 ) closure of the pentoneal 
cawt}", prolongation of the transverse incision toward the lumbar region 
and attack on the lesion by the subperitoneal route and by separation 
of the serosa (Bazy’s method) or (2) walling off of the subhepatic 
region carefull)'^ with compresses and direct incision into the purulent 
collection The second method is preferred by the authors as being 
simpler for patients already toxic from the effects of the abscess In 
such cases a countermcision must be made in the lumbar region for 
drainage by gravity, while a Mikulicz dram (anterior) protects the 
peritoneum 

When the diagnosis of pennephritic abscess has been made but the 
location IS uncertain, intervention should be made by the lumbar route 
When this reveals only diffuse inflammatory edema, without the least 
sign of a purulent collection, the surgeon should never under any cir- 
cumstances try to reach the anterior surface of the kidney with the 
finger and so gam access to the abscess, tlie danger to the peritoneum 
in such a procedure is too great He should, rather, perform debride- 
ment of the internal hp of tlie lumbar masion and then make at its upper 
end an incision perpendicular to the pnmary mcision, the peritoneum 
is thus separated and pushed back, and the prerenal suppurating cavity 
is opened The surgeon can then easily transform the lumbar route into 
a lumboabdommal route, making it possible to reach with certainty the 
external margin of the kidney and its anterior aspect without touching 
the organ and without exteriorizing it 

When the diagnosis is correctly made before operation, the surgeon 
should stnctly avoid the classic lumbar route, since it exposes only the 
lower part of the convex border of the kidney, and attempts made in this 
way to reach the upper pole are attended by great danger The proper 
approach is the paraperitoneal route, with use of the anterior transverse 
incision of Bazy , this not only offers a more convenient position of the 
subject but leads directly to the anterior surface of the kidney and easily 
permits exploration of its entire contour 

The authors presented abstracts of 15 cases collected from the litera- 
ture, to vhich they added 1 case of their own 
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Gumma — Hunter reported a ca^e oi gumma of the kidne} The 
patient was a 53 }car old man who had lost 25 pounds (11 Kg) m 
the previous two \ears The patient readih recovered after nephrec- 
tonn The kidne\ weighed 2,265 Gm The ureter was thickened and 
dilated On section a lobulated, graM^^h }ellow, extremely mottled, 
relief-map-like cut surface presented, with large, lobulated gra}ish yellow^ 
masses of the consistenc} of a m\ onia situated about the cortical portion 
of the tumor, while the central portion had a more gra}ash white, some- 
what mottled fibrotic appearance There was almost complete replace- 
ment of the renal parcnch}ma b} the growth, winch, generally speaking, 
was fairl} well encompassed within the capsule except at the lower 
anterior pole, where it seemed to infiltrate the peritoneum and the peri- 
renal fat At the low er pole there w as a c\ st the size of a hen s egg, 
filled with a brownish jellow fluid rich in cholesterol cr)stals, the cahees 
were markedly distorted, the superior one appearing rather dilated 
The pemascular infiltrations, diffuse and local infiltrations consisting 
chiefl\ of l\mphoc}tes but also of numerous plasma cells, were seen 
throughout, and the picture seemed unquestionably that of a gummatous 


process 

Large S3philitic gummatous tumors are rare, and the} are seldom 
diagnosed before operation jMicroscopicall} , the lesion shows lympho 
cytic infiltration of plasma cells, with portions of necrosis and prolifera- 
tion of connectiA e tissue It is not limited to the kidney but tends to 


infiltrate adjacent structures 

Atrophy — defined an atrophic kidney as a kidne} winch 
for anj reason, is of reduced size, is ver}^ different from the normal 
kidney and, as a rule, has an anatomic constitution that is equal} 
abnormal Atrophic kidne} may be congemtal or acquire 

When congenital, the atrophy consUtut^ an ' 

comparable to the absence of a kidney Congenital atrophic fadne 
represents an arrest of development during embr} onic life ^he k ^ne 
^^^es in size from that of a pea to that of an apricot ^ J l^y 
of the pehns and cahees that ^lo^st .n 

condition IS congenital or J arrangement, being 

excretoiw’’ structures are ne^ er The 

reduced either in size 
mternal arrangemen^a^^^^^^^^ 

be n holly normal, or it may jnfiammator} or sclerotic 

W mass is composed enPrel} of e^cretor} 

tubules, ^Mth entire absence of glomeruli 


19 Hunter, A W Gumma of Kidnei 

20 Manon, G Re'"® atrophiques, J 


, J Urol 42 1176-117S (Dec.) 
d’urol 47 5-24 (Tan ) 1939 
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Acquired atiophy, winch is much more frequent, is caused b} either 
infection or infarct In nearly all cases it is caused by the former The 
infection may be simple chronic p3'elonephritis, or it may be referable 
to the presence of a foreign body (calculus or an intrarenal dram) It is 
never produced by tuberculosis unless some common infection is asso- 
ciated therewith Atrophy caused by infarct is generally partial, for 
when an infarct is produced by obliteration of the great vessels surgical 
intenmntion is, as a rule, very prompt In cases of total acquired 
atroph}^ in addition to diminished size of the organ, the surface presents 
furrows, and on section the parenchyma is markedl)'’ diminished in thick- 
ness and IS irregular both in surface and in color Histologic examina- 
tion reveals destruction of the normal elements of the kidne}’’ 

These atrophic kidneys frequentl}'- are absolutely silent, with no 
sjmiptoms to indicate their presence When symptoms do appear, there 
is nothing characteristic about them The diagnosis is made in some 
cases by roentgenogram, which shoves the presence of a stone, after 
which the atrophy is revealed at operation In other cases the results 
of separate catheterization of the two ureters n^ill give the required 
information, in such cases the atrophic kidney wll betray its presence 
by deficient function as compared with the other kidney, espeaally with 
reference to the amount of urine excreted The results of catheteriza- 
tion, taken together with the pyelogxam, usually will be suffiaent to 
confirm the diagnosis Acquired atrophy will be recognized by renal 
deficiency assoaated mth an absolutely normal pyelogram, whereas 
congenital atrophy will exhibit renal deficiency assoaated with a tmy 
pelvis and a diminished number of calices, in some cases onl)’’ a single 
calix bemg present 

The prognosis is without gravity in itself, but, since a kidney of this 
type causes a condition equiA’^alent to complete absence of a kidney, its 
presence is of greatest importance when a decision is to be made with 
reference to the other kidney, contraindicating its removal under anv 
arcumstances Treatment consists in removal of the atrophic kidney 
if it gives any symptoms that are painful If it continues to be silent, it 
may safely remain m its place indefinitely 

URETER 

Calculus — Thompson and Kibler stated that ureteral calculi will 
pass spontaneously in about one third of the patients encountered, fo^^ 
approximately the same number, transurethral methods of extraction are 
justified and advisable , for the remaining third, ureterolithotomy or some 
other open surgical method seems best 

21 Thompson, G J , and Kibler, J M Treatment of Ureteral Calculus, ^'lth 
Particular Reference to Transurethral ifampulation, T A ^f A 114 6-11 (Jan 6) 
1940 
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Ureteral stone extractors, if carefully used, will be of distinct aid in 
removing the stone at the time of manipulation If the condition is 
suitable for the use of a metallic stone extractor, this mstrument will 
readily enter the ureter and quickly engage the stone Repeated 
attempts to engage the stone should be avoided, for they wull usually 
result in ureteral trauma and lead to complications 

The morbidity following proper transurethral methods is slight, and 
the mortality is extremely low^ 

In the large majority of cases the opinion of a urologist should be 
obtained before a decision is made as to the course of treatment for a 


patient \vho has ureteral calculus 


Al} ea said that overemphasis has been placed on tlie mvention 
of special instruments for the extraction of ureteral calcuh and that 
perhaps the simplest, safest and most effioent methods have been over- 
looked He stated the opinion that the multiple catheter method is both 
efficient and safe, it includes the principles of dilation, lubrication of the 
ureter and grasping of the stone in the mesh of twisted catheters To 
this techmc Alyea added the idea of contmuous constant traction on the 
engaged calculus, followed by relaxation of the ureter by production 
of spinal anesthesia at the time of extraction Once the stone is caught, 
constant traction is obtained by means of rubber bands taped to the 
twisted catheters and attached to a perineal traction cage Olne oil is 
injected through the catheters several times, and, if the stone has not 
come out in twelve to tsventy-four hours, spinal anesthesia is pro uce 
and the catheters are withdrawn Many of the larger stones have been 


extracted in this manner An objection often raised to cjstoscopic 
removal is that the calculus remaining in the lower part of the ureter 
for some time causes irreparable damage to the kidney J- an} c^e 
have been observed m Alyea^s dime which disprove this contention 
In a senes of 400 cases of ureteral stone recorded at the dime, the 
stones in 71 per cent were removed cystoscopically, an t ^ ^ ^ 

was zero m tirese 296 cases Alyea said that he has osed fte yanoos 

ureteral sassors, fulguration fins and the hke or cu ing ^ 
meatus The Colhngs knife used through a panendoscope p y 

the most sausfacto.7 K - ‘ * it hi 

points anteriorly After the intravesical portion o ^ 

elevated with the hlade, the surgical cutting current ‘ ' 

knife cuts through quickly The surgeon is sure not “ > 

«h Uiis metlJ It IS remarlmhle how 

moving even though they ma} be / 

stated that he has seen this occur many times 


22 Aljea, E P , m discussion on Thompson 


and Kibler 
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Bumpus stated that the question of what method shall be used m 
the treatment of calculi m the uretei has much m common with the 
question of what method shall be employed m treating benign prostatic 
hypertrophy With both conditions the urologist’s judgment is often 
unduly influenced by the desire of the patient to avoid a major surgical 
procedure Bumpus expressed doubt that this state of affairs ever 
occurs more frequently than in the treatment of stones in the ureter 
It IS imperative to acquaint the patient with the possibilities of serious 
complications occurring as a result of manipulative procedures and to 
obtain his consent for immediate major surgical intervention should such 
complications occur Such complications result from three causes The 
first and most important is urinary obstruction, the second, ureteral 
trauma with its associated periureteritis, and the tlrird (and least fre- 
quent), perforation The possibility of occurrence of any of these three 
complications is minimized by avoiding the use of steel instruments and 
employing only catheters for manipulative procedures The catheters 
insure the continued passage of unne if obstruction should occur They 
produce the least amount of trauma, and it is difficult if not impossible 
to produce ureteral perforation with them They have, moreover, the 
added advantage of being readily accessible for removal singly if the 
mampulator is unsuccessful, whereas, in the case of the mechanical 
instruments, if a stone gets caught crosswise neither the instrument nor 
the stone can be recovered without resort to some major surgical 
procedure 

Foley stated that the decision between expectant treatment and 
mampulation or open operation in the case of a stone in the lumbar 
portion of the ureter presents an entirely different problem from that 
involved m the same decision m the case of a stone in the pelvic portion 
of the ureter Pelvic ureterotomy is always a rather formidable pro- 
cedure, beset by the usual hazards of major surgical operations 
Accordingly, when the stone is situated in the pelvic portion of the 
ureter, a major operation of this sort usually should be avoided m 
favor of expectant treatment and mampulation This is not the case 
when the stone is in the lumbar portion of the ureter The usual form 
of lumbar ureterotomy is also distinctly a major operation, but it can 
and should be almost a minor one When the choice is between this 
improved form of lumbar ureterotomy or expectant treatment and 
manipulation, there is in most cases very little to recommend the latter 
The choice between expectant treatment and mampulation or open 
operation should be dictated by only one thing the welfare of the 
patient To attain this, the surgeon must consider the risk of mortality, 

23 Bumpus, H C, Jr, in discussion on Thompson and Kibler^i 

24 Foley, F E B , in discussion on Thompson and Kibler 21 
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the risk of morbidity (irreparable pathologic change), the period of 
disability and the discomfort to be endured In respect to all these, 
when the stone is first discovered m the lumbar portion of the ureter, 
the advantage lies entirely with a new form of lumbar ureterotomy 
deMsed b} Foley and not with expectant treatment and manipulation 
When a stone or an} thing of truly minute size is first discovered in the 
lumbar portion of the ureter, the patient^s welfare will be served best 
by its immediate removal by this method of open operation In such 
cases it IS no trouble to start expectant treatment and mampulation, but 
how^ much trouble will ensue before success or failure results is another 
question The patient will be obliged to endure at least a few^' attacks 
of colic One or tw o or e\ en three or four c^ stoscopic manipulations 
ma} be necessar}q and they are a real hardship to the patient 

O’Conor stated that the success of lumbar ureterotomy depends 
on the fact that the stone remains in that portion of the upper part of 
the ureter wdiich it occupied before the incision was made Some 20 per 
cent of these ''upper ureteral calculi” wull ascend to the upper part of 
the ureter or to the renal pehus after the patient has been anesthetized, 
especiall} with spinal anesthesia, and with use of any degree of the 
Trendelenburg position This same change of position has occurred 
no matter w^hat position the patient has assumed on the operating table 
Lazarus stated that the use of extract of msulin-free pancreatic 


tissue for three }ears has convinced him that tins substance possesses 
distinct merit as an aid m the treatment of ureteral obstruction resulting 
from spasm, w^hich frequentl} accompanies infection caused by calculi, 
and ureteral occlusions accompanying both functional and inflammator} 
strictures of the ureter It has also proved of value in the tr^tment 
of postcystoscopic renal colic The use of pancreatic substance ( rant 
while it possesses all the ments of insulm-free tissue extract no , ^s 
the distmct advantage of causing no pain at the site of the injection o 
obtain the maximal benefit of the substance, ureteral catheterization 
should be instituted five minutes after its injection Systemic reac ions 
have not been obser^^ed in any of the cases in w^hich it was emp 0 }e 
The most likely mode of action of this preparation m 
of the ureteral musculature is its neutralizing effect on the presso 
action of epinephrine, as w’^as suggested by ol e 

Vretero^agmct -Ockerblad and Carlson - f 

oIureteroYaginal fistnla, m 4 of nh.cl. the cond.t.on nas cansed b, peh.c 


26 11' 'V„Xr'orr>a!:r.'’rfe “nll-Frce P.ncr„„c 

T..s‘e L t A,r; C, steep, e — ^ oU„pae.cd Ur.ten., CC, 

and Spasbc Occlusion of U'""’ ^ Treatment of Tretcro 

27 Ockerblad, N F, and Carlson H E. burg.ca 
Vaginal Fistula, J Urol 42 263 - 26 S ( '^ug ) 19o 
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operations In the fifth it was referable to a ureteral calculus which had 
become impacted m the terminal 5 cm of the left ureter and which 
followed a ver}^ unusual course by eroding through into the vagina 
A survey of the literature reveals scores of cases The cure is still 
either reimplantation or nephrectom}' Reimplantation is done when 
possible, and nephrectomy is resorted to when the kidney is badly 
infected Ockerblad and Carlson expressed disagreement with the 
opinion expressed by European writers that this operation is useless 
and that tlie end result is destruction of the kidney There have been 
nmnerous cases m which the patient has lived longer than ten }ears 
m good health They stated that to leave a part of a kidney -whicli is 
health)'^ and not infected is much better than not to leave an}' kidney 
Patton reported 16 cases of ureterovaginal fistula 
The importance of early investigation is stressed, with application 
of appropriate therapeutic measures in an eftort to presen'e the kldne^ 
A thorough urologic study is essential in ever}’- instance of leakage of 
urine through the vagina, even when a vesicovaginal or urethrovaginal 
fistula IS obviously present 

The type of therapy to be applied to uretero^ aginal fistula should be 
determined only after careful study and should be directed primanly 
toward preservation of renal function and reestablisliment of tlie unnar}' 
channel to approximately its normal state Nephrectomy should be 
reserved for the irreparably damaged kidney or as a measure of last 
resort 

Dilation should be tlie first procedure In the event of failure 
ureteroureteral anastomosis is the metliod of clioice for lugh ureteral 
injuries, and reimplantation into the bladder is the method of choice 
for low ureteral injuries 

Patton described a method of reimplantation of the ureter into the 
bladder through tlie mtramural portion of the ureter which reproduces 
the normal, and it should be applicable in a definite percentage of cases 
Transplantation — Hess stated tliat transplantation of the ureters 

into the bowel as an operative procedure should be considered only when 
a condition exists which makes life so miserable that death is usually 
to be preferred The operation, even -with the simplest effiaent technic 
in the hands of the most skilful surgeons, is not -nuthout a very high 
mortaht}' and morbidity It is rarely indicated in cases of cancer of the 
bladder and vesicovaginal fistula It is more frequently indicated for 

28 Patton, J F Uretero\'aginal Fistula A New Alethod of Reimplantation 
of the Ureter into the Bladder, J Urol 42 1021-1032 (Dec ) 1939 

29 Hess, E Transplantation of the Ureters, Am J Surg 45 479-498 (Sept) 
1939 
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tlie contracted bladder that has resulted from the healing of tuberculous 
c)stitis, and mth this class of condition there results a low mortalit}^ 
uith satisfactory S 3 TOptomatic results The procedure is also indicated 
m cases of intractable and incurable interstitial C3"stitis It is a valuable 
procedure in cases of exstroph3^ of the bladder and epispadias but should 
never be used for exstroph3^ in the adult patient without a complete 
explanation to the patient of both its rnortaIit3^ and its morbidity, and 
it should be an operation elected b}'' the patient 

Dilatation — In a study of the ureteral dilatation of pregnancy, 
\^n Wagcnen and Jenkins stated that excretorj urographic studies 
have shoun that dilatation of the upper portion of the unnar3 tract 
occurs in the pregnant rhesus rnonke3" 

Of the 6 pregnancies with which p3"eloureteral dilatation v as present, 
1 was alJoned to proceed without interruption, and the inarkedl3' dilated 
unnar3'' tract returned to normal in seven da3^s 

In 3 instances fetuses were removed after the dilatation had reached 
a high degree, and the dilatation was sustained or increased during the 
time the placenta remained m situ After expulsion of the placenta 
the dilatation of the ureters alwa3"s decreased, returning to normal size 
m every case in which the course was uncomplicated by infections 
The most convinang data concerning the pnmar}'' importance of the 
hormonal influences of pregnancy in bnnging about dilatation were those 
concerning 2 pregnanaes in w^hich the fetuses w'’ere removed on the 
seventy-fourth and the seventy-first da3^ of gestation respectivel3^ In 
the first animal beginmng ureteral dilatation was found m the latter 
half of the fifth month, fifty'^-mne days after removal of the fetus This 
dilatation increased considerably during the sixth month The placenta 
was expelled on the one hundred and sixty-fourth day of gestation, after 
which dilatation regressed In the second animal dilatation appeared 
onl3^ m the sixth month of pregnancy, eight3"-one da3"S after removal of 
the fetus The placenta was retamed until the one hundred and fifty- 
first day of gestation, and both ureters returned to normal on the fourth 
day aften\ard 

Van Wagenen and Jenkins concluded that dilatation of the upper 
portion of the unnary tract can develop after removal of the fetus and 
while the placenta remains m a functional state wthm the uterus It 
would appear, therefore, that this physiologic change is related pnmanly 
to the stage of pregnancy and secondarily to the influence of the 
increased weight of the uterus with its contents m pregnancy 


30 van Wagenen, G, and Jenkins, R. H An Expenmental 
factors Causing Ureteral DilataUon of Pregnano, J Urol 42 lOlO-IO-U ( ; 
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Iiijtii y — Ostling described a case in which a ureter which dunng 
a pelvic operation had chanced to be severed 9 cm above the bladder 
was immediately sutured over a catheter brought out through tlie 
urethra Eight and a half }'-ears later excretory urographic examination 
showed a normal renal pelvis on the damaged side A constnction was 
revealed at the seat of the suture, and immediately above this the ureter 
was found to be slightly dilated This constriction corresponded to a 
valvular formation, preventing catheterization and retrograde pyelog- 
raphic procedures Since the view held concerning the prognosis of 
ureteral suture is based on experiences encountered before urography 
came into use, according to which treatment in a case like that of 
Osthng would have been counted as a failure, and since the literature 
affords no binding proofs that the results are particularly bad, it does 
not seem unlikely that after-examination by urographic methods might 
bring about a reassessment of the functional capaaty resulting from 
ureteral suture after transverse section 

Rusche and Bacon stated that ureteral trauma occurs most com- 
monly in the course of surgical procedures on the internal genitalia of 
the female, next as a result of cystoscopic intraureteral instrumentation 
or of external violence and finally as the result of the presence of 
foreign bodies 

The present increase in the incidence of ureteral injury is referable 
mainly to recognition of the pathologic lesion Unquestionably the actual 
incidence is not known, because unilateral hgation of the ureter results 
m numerous instances in unrecognized destruction of the kidney 

Rusche and Bacon unqualifiedly recommended ureteral cathetenza- 
tion as the method of prevention of ureteral injury in surgical conditions 
that are considered preoperatively to be difficult 

The treatment of an injured ureter should consist of initiation of the 
procedures that wall preserve, ultimately, the function of the ureter and 
kidney Treatment is dependent on the time of recogmtion of the injury, 
the type and situation of the injury and the condition of the patient 
If complete ureteral division is discovered at the time of operation, 
ureterovesical implantation or ureteroureteral anastomosis is the pro- 
cedure of choice if the operation will not be hazardous 

When a segment has been removed, ureterointestmal or uretero- 
cutaneous anastomosis or ligation is recommended 

Bilateral ureteral occlusion, recognized postoperatively, requires 
bilateral nephrostomy The procedure of deligation is to be condemned 

31 Ostling, K Zur Kenntnis der Spatresultate bei Naht des querdurchtrennten 
Harnleiters, Acta chtr Scandinav 83 74-82, 1939 

32 Rusche, C F , and Bacon, S K Injury of the Ureter Due to Surgery, 
Intra-Ureteral Instrumentation, External Violence and Foreign Bodies Report 
of Fifh Cases, JAMA 114 201-207 (Jan 20) 1940 
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Intraureteral instrumentation as a cause of ureteral mjur} is depen- 
dent usually on impaction of a calculus and adjacent disease of the 
ureter The present increase in the incidence ot ureteral perforation is 
related closely to the recent de^ elopment of man} de\ ices designed 
to remove calculi 


PROSTATE gland 


Hypcrt} ophy — Abeshouse,^^ atter a stud} of 200 consecutne trans- 
urethral resections and 234 prostatectomies, concluded that transurethral 
resection deserves a definite place in the operati\e treatment of prostatic 
obstruction It is the operation of choice in cases ot median bar, solitar} 
median lobe and sohtar} subcenical Inpertrophy Excellent results 
also ma} be obtained m instances of small or moderate-sized enlargement 
of the median or lateral lobes The operation affords palliatn e rehet in 
cases of carcinoma in m Inch there are obstructu e S}Tnptoms , it prondes 
an excellent method of remo'VTng obstruction caused b} contractions 
nodules or tags following prostatectom\ , and it is valuable in cases of 
persistent suprapubic fistula Abeshouse stated the belief that tlie opera- 
tion IS not suitable in cases in vhich “large bilobed or tnlobed h}’per- 
trophy” ^Mth marked intravesical or mtraurethral bulging is present 

Suprapubic prostatectomy is suitable for cases in vhich marked 
enlargement of the prostate gland is present, especiall} if tins is accom- 
panied V ith vesical conditions requinng operatn e treatment The opera- 
tion requires no unusual operatne skill and insures a good and 
permanent functional result 

Perineal prostatectomy is an ideal operation for the treatment of 
large hypertrophy and small fibrotic glands with or vTthout prostatic 
calculi It IS the onl}^ method offering a cure of early or concealed car- 
cinoma It requires greater operative skill and, when properl} done, 
insures an equally good functional result The fear of incontinence, 
impotence and fecal fistula is dispelled b} complete masten of the 
operatne technic 

LeDuc^* descnbed a method by means of ^\hJch the internal struc- 
ture and distribution of the prostatic duct s} stems ma} be stu i 


^ isually 

Anatomicalh , the prostate gland may be considered to be composed 
of t^^o major lobes (the lateral lobes) and of a smaller median lobe, 
the latter may sometimes be replaced b} a prespermatic commu^ure 
consisting of interlaang lateral lobe ducts 


~ir^ouse B S A Companson of Results in the T-atm^t^of Prostatic 
Obstruction b} Transurethral Resection and Prostatectom% , J 
(Dec.) 1939 

34 LeDuc, I E The \nato^I^ of the Prostate and the Pathology ot Earh 
Benign H\'pertrophj , J Lrol 42 1217-1241 ( ec ) 
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The situation of the orifices of the ducts may be correlated fairly 
accurately with the portion of glandular tissue drained b} them 

1 Those on the lateral urethral walls, m the prostatic sulci and on the 
veruniontanum and inferior crista dram corresponding portions of the 
lateral lobes, laterally or obliquel3'-laterall3’, to the orifice of the duct 

2 Those on the superior crista drain the median lobe or the tissue in 
the mediolateral commissure 

Microscopic studies of the earliest lesions of benign hypertroph} 
offer confirmator3'- evidence m support of the theor3'- promulgated by 
Reischauer and confirmed by Demmg and Neumann that the essential 
lesion of prostatic h3’’pertroph3' is the nodular prohferabon of fibrous 
tissue, in which glandular penetration and growth take place only as 
secondary' phenomena 

The glands taking part in the formation of prostatic h3"pertrophy 
appeared in this stud3' tb be entirel3’- of the submucosal t3'pe 

Smith stated tliat prostatic obstruction ma3" be caused b3 cancer, 
fibrosis or h3q)erplasia 

H3'perplasia is believed b}'’ some authorities to develop only m the 
submucous glands of the urethra Others believe that it may also 
develop in the lateral lobes themselAms 

Experimental evidence seems to prove tliat in certain animals 
h3'pertroph3’- of the prostate gland is caused by defiaent secretion of 
inhibin, a hormone secreted by the tubular epithelium of the testicle 
Doubt exists as to whether the type of h3-pertrophy so produced is 
analogous to the prostatic hyperplasia found in man, but the fact that 
hypertrophy develops only as the sexual function begins to wane makes 
It seem hkel3'' that tins theor3f is the most probable of all that have been 
suggested 

After therapy based on this h3'^pothesis, definite improvement has 
been noticed in a majority of patients Equally good results have been 
claimed bj’’ a few urologists who have treated patients suffenng from 
hypertroph3’^ of the prostate gland by roentgen or radium therapj' 
also haie been obsen'-ed in a series of 93 patients who were not treated 
b3’’ operation, b3' irradiation or b3'’ glandular therap3'^ 

Smith renewed tlie various methods of operative removal of the 
obstructing prostatic tissue In his opinion, transurethral resection is 
the best metliod for prostate glands which are not readilj'' enucleable 
as IS true in the majont3' of instances of prostatic cancer, small, fibrous 
prostate glands and small hj'pertroplw These cases constituted 41 per 
cent of a senes of prostatic operations done in the last six 3 ears F®'" 
larger h3'pertroph3’', open operation is preferable Prostatectomy is not 
an obsolete operation 

35 Smith, G G The Obstructing Prostate Its Treatment, Surgical and 
OthenMse, J Urol 42 145-157 (Aug) 1939 
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Cancc) — \\ ishard, Hamer and ^lertz presented a senes ot 224 
cases ot carcinoma of the prostate gland Ot these the patients m 
148 were treated surgicalh (120 b\ resection; and 76 were treated 
nonoperatit eh The aterage age was 65 to 70 \ears The majonn 
of the patients were hospitalized two to tour weeks tor prostatic 
resection 

Thirt}Tour per cent of the patients in the senes could not be operated 
on, chlefl^ because of metastases to bones symptoms too mild to neces- 
sitate operation, se\ere renal lesions and death which occurred betore 
antlhing could be done Two thirds ot the patients not treated sur- 
gicall} died w ithin the first } ear after the diagnosis had been estabhshed 
Patients sought rehet pnmanh because ot d^suna vesical imtabiht} 
and retention ot unne Almost halt ot the patients recemng surgical 
treatment had complete retention ot unne betore operation , about / 5 per 
cent had less than 1 fluid ounce (30 cc ) ot residual unne at the time of 


dismissal from the hospital 

The amount ot tissue removed at resection in the majonn ot 
instances w as less than that remot ed b} resection tor benign h\’pertroph^ 
ot the prostate gland Multiple resections were required tor about a 
tourth of the patients 

Rectal and cwstoscopic examination disclosed grade 2 enlargement 
as the customan obsemation A sort prostate gland was found b} 
rectum m almost 10 per cent ot the cases Pathologic exammanon 
re\ealed that the condition of more than 10 per cent ot the glands would 
ha\e been erroneousl} considered benign it reliance had been placed 
entirely on chmeal observations 

Roentgen examination revealed osseous metastases in 31 per cent 
ot the patients examined The tourth lumbar vertebra v\as the point o 
predilection 

In Wishard, Hamer and Hertzs expenence the operatue risk ot 
reseebon has not been negligible Set en per cent of the prrrate patient., 
and 15 per cent of the trard pabents died alter reseebon and bHore 
leatmg the hospital Death ttas reterable almost e.xclusneh to cardiac 
pulmonarj^ or renal causes The total ‘ hospital d^th rate tor jl 
pabents, both those v\ho undent ent operation an t ose tt ' n 

ttas 13 per cent for the pm ate pabents and 29 per cent or e " 
pabents Forty per cent of the pabents ttho undent ent resec ion 
»ho left fl,e2sp..al alite tt.re kno»n to be dead a.th.n tears 
after their departure therefrom 

^ \xr u ^ iTr X- Tr Hamer H G and Mertz H O Tran^^urcthral 

36 Wishard, W ^ , Jr Hamer ^ 42 ioSS-1100 TDec 

Resection in Treatment of Caranoma oi 
1939 
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Abscess — Hammer and Thompson®’ reported a case of chronic 
prostatic abscess with these three considerations in mind (1) Chronic 
prostatic abscess is a comparatively rare complication of chronic prosta* 
titis, (2) diagnosis may be difficult and may require intensive urethro- 
scopic examination, and (3) the condition may be satisfactorily treated 
by transurethral operation The patient was a man 31 years of age 
who presented a history of backache of increasing severity and perineal 
discomfort when sitting, so that he had been unable to work as a truck 
driver He also had lassitude and recurring bouts of fever Treatment 
elsewhere with urinary antiseptic agents had failed to clear pyuria and 
baatluna (Pseudomonas) because of the presence of prostatitis grade 4 
Administration of mandelic acid and local treatment, followed by tonsil- 
lectomy and admimstration of sulfanilamide, also failed Urethroscopic 
exammation revealed purulent material to be exuding from the dilated 
prostatic ducts and also from the ejaculatory ducts The cavity of an 
abscess 3 cm in diameter was unroofed by the resectoscope, and the 
walls of this cavity were exased The patient left the hospital in two 
days and voided clear unne five days later for the first time The back- 
ache and perineal discomfort disappeared at the same time Prostatic 
massage is contraindicated postoperatively Surgical treatment is contra- 
indicated in the ordinary case of diffuse chrome prostatitis 

Prostatic Fluid — Expenmental studies by Barnes have shown that 
human prostatic fluid contains a substance which has a definite pharma- 
cologic action and which when administered in comparatively large doses 
is toxic This substance was shown to exert a marked toxic effect when 
given to rats in doses of 1 cc intraperitoneally, and sometimes this dose 
reduced the activity of the animals almost to nil No tolerance to this 
substance is developed by giving repeated increasingly large doses to rats, 
and small doses repeated daily have little, if any, cumulative effect The 
most marked and constant pharmacologic action of this substance was 
found to be, experimentally, depression of blood pressure and marked 
stimulation of smooth muscle in vitro 

This experimental investigation shows that normal human prostatic 
fluid as obtained by prostatic massage has a definite, constant and 
marked pharmacologic action which is not identical with that of an) 
other substance now known Because of this definite action, prostatic 
fluid must have a function other than that which has been ascribed to 
it , that is, neutralization of the acid vaginal secretions, producing a more 
suitable medium for the life of spermatozoa The action on smooti 

37 Hammer, H J , and Thompson, G J Chrome Prostatic Abscess Report 
of Case, Proc Staff Meet, Mayo Chn 14 446-447 (July 12) 1939 

38 Barnes, R W An Expenmental Study of the Pharmacology of Prostatic 
Fluid, J Urol 42 1207-1216 (Dec ) 1939 



SCHOLL LT AL—REVILJ] OF LROLOGIC SURGERY 179 

muscle ^^ouId suggest that the substance has the function, after it is 
absorbed through the ^agInal mucosa, of producing antiperistalsis in the 
uterus to aid in the dissemination of spermatozoa 


BL.-\DDER 


Tiniioi — Vermooteii®” reported a case of rhabdoim om} xosarcoma 
of the bladder Such cases are A'er) rare 

The patient ^\as a girl aged 20 months Because of retention of 
urine she A\as catheterized twice daily until fiie dajs later, when a 
portion of tlie tumor prolapsed into the urethra The child w'as giA’en 
a general anesthetic, presumably to reduce the prolapse, and died under 
anesthesia At necropsy extensive bronchopneumonia w^as obsen^ed in 
both lungs There w ere multiple abscesses m both kidne3'S Associated 
witli the pvelonephntis was mild bilateral hydronephrosis, wnth dilated, 
tortuous and infected ureters The bladder contained a tumor w’-hich 
arose from a pedicle 1 cm long and 0 5 cm w ide, overlying the trigon 
It had the appearance of a large bunch of grapes and consisted of two 
mam masses The mass immediately connected to the pedicle had a 
diameter of about 7 cm and w^as 4 cm long Attached to this mass by 
a \er) narrow pedicle w'as the mam tumor mass, measuring 8 cm m 
length and at its -widest point having a diameter of 5 cm In addition 
to the mam tumor mass there were two other portions adjacent to the 
pedicle, m w'hich apparently new tumors of the same tj^ie were beginning 
to form 

The microscopic picture as described by the pathologist of the South 
African Institute for jMedical Researcli “revealed that the lobules of the 
tumor were made up of cellular and myxomatous areas enclosed in 
coA^enngs of transitional epithelium of normal type In the cellular areas 
and scattered throughout the mj'xomatous tissue elongated fibres of 
striped muscle and large rounded acidophilic cells exhibiting a fibrillar 
cytoplasm and radial stnation were seen ” 

Orr, Carson and NnAak-*" presented a stud} of clinical results 
obtained m the treatment of malignant tumors of the bladder by 267 
surgeons An anal} sis of more than 26,000 cases of vesical carcinoma 
forms a basis for this discussion This anal} sis was obtained through 
the medium of a questionnaire in an effort to ascertain the method of 
treatment which would giie the patient the greatest degree of comfort 
and the longest life 


39 Vermooten, V Rhabdomi onri \osarcoma of the Bladder Case Report, 

J Urol 42 126-l’30 ( ^ug ) 1939 , c, . . , c. f 

40 Orr L M Carson R B and Roiak U F A Statistical Stud, of 
Present-Daj Methods Used ,n the Treatment of Tumors oi tlie Bladder. T Urol 

42 778-788 (Not ) 1939 
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For the sake of con^enlence, the questionnaire was divided into two 
sections, one, “Conservative Treatment,” including all methods of treat- 
ment other than total cystectoni}'’, and the other, “Radical Treatment,” 
including only total cystectomy and ureteial transplantation Of the 
two hundred and sixty-seven surgeons reporting, two hundred and 
twenty-one favored conservative methods of treatment, and only eight 
favored radical treatment, or total cystectomy The conservative 
methods used have been set forth in detail 

Of all methods used in the treatment of tumors of the bladder, fifty- 
one surgeons considered segmental resection of the bladder to be the 
one winch would afford the patient the most comfort and the longest life 
Three hundred and fifty-three cases of total c 3 fstectomy and ureteral 
transplantation have been collected An average mortality rate of 332 
per cent attended the operation Ninety-two patients died during the 
first year Eighteen patients had lived more than five years at the time 
Orr, Carson and Novak wrote, although the majority of the operations 
had been performed during the five years prior to the time of wnting 
The reasons for not performing total cystectomy as given by 
fifty-seven surgeons were that the operation is too radical and the 
mortality rate too high Sixty-six stated that the patients when seen 
were too old, the disease was too far advanced, or renal damage had 
already occurred, nine cited difficulties in convincing patients and the 
referring physician , fourteen stated that cystectomy should be performed 
more often in suitable cases, and twelve admitted that they did not have 
enough surgical experience 

This study has definitely'’ brought out again the necessity for early 
diagnosis in instances of cancer of tlie bladder Education not only of 
the laity but of the general practitioner should be continued according 
to methods which will result in earlier examination by the urologist of 
patients who have symptoms of tumor of the bladder 

Metastasis to regional lymph nodes and distant organs is probably 
more rapid than has heretofore been assumed 

Lowrey' reported 5 cases of adenocarcinoma of the bladder , 3 of 
the 5 lesions were situated m the dome, and the remaining 2 in the base, 
of the bladder These tumors showed three gradations of malignancy 
One tumor was relatively benign, and both adenoma and adenocarcinoma 
were found m the same growth Tw'o tumors show'ed a moderate degree 
ot malignancy , the patient had been comparatnely w'ell during a three 
y'ear period Two other tumors w^ere of the rapidly' growing type and 
secondary’’ grow'ths w'ere found to involve the regional and iliac lymph 
glands a short time after the onset of symiptoms 

41 Lowrey S R Adcnncarcinoma of tlie Bladder, J Urol 42 llP-l-’’ 
(Aug) 1939 
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Shners and Henderson/- in a discussion ot a group ot 101 cases 
of tumor of the bladder, stated that 19 of 32 patients presenting tumors 
\\ith narro\\ attachments to the ’wall of the bladder are Ining and that 
none, so far as the authors know, ha\e died of the disease The longest 
interval has been fourteen }ears Five died from other causes, and the 
authors were unable to communicate with 8 All of the patients were 
treated b} surgical diatherm} , either transurethral!} or transA esicall}’’ 
In a group m which the tumors showed a wide attachment to the 
wall of the bladder, there were 35 cases Fifteen patients were dead 
as a result of the disease, 4 died from other causes and contact could 
not be made with 9 Only 7 in this group heard trom were still Ining 
at the time of w nting One patient had sur\ n ed tor sca en a ears a\ ith 
a bladder apparently normal on examination 

In the group of 34 cases of infiltrating carcinoma, all but 2 of the 
patients are uoaa dead These patients receued high Aoltage roentgen 
and radium treatment aa ith or a\ ithout surgical treatment The 2 sur- 
AiAing patients had lued, at the time Shners and Henderson A\rote, 
eight }ears after the transAesical implantation ot radon 

The importance of careful foIloAv -up treatment cannot be o\ erempha- 
sized It IS ShiA ers’ and Henderson s custom the} stated, to use 
c}stoscopic methods for these patients at monthh intervals for the first 
A ear and as often thereafter as they deem it necessarv 


Transurethral resection has a aciw important place in the treatment 
of Aesical tumors of the pedunculated tApe if the} are suitabl} situated 
* Shakers and Henderson haA^e not resorted to an} radical surgical 
procedure in the treatment of tumors of the bladder, because most of 
their patients aaIio presented extensne inAohement of the A\all of the 
bladder Avere poor risks The} stated the beliet that when cancer of 
the bladder has developed to a point at which less radical means of treat- 
ment cannot be used, the possibilit} of performing c}Stectom} has 
usually passed because of the poor ph}sical condition of the patient 
which IS the result of urinarv^ sepsis, secondarA anemia or renal insu 
cienc}^ The authors stated that the} feel justified under such conditions 
in choosing a procedure aa Inch aa ill prolong the patient s life in a. muc 
comfort as possible, rather than in attempting a cure 

Kickham and Jaffe.« in discussing the upper portion of the unnar\ 
tract in the presence of tumors of the bladder stated that there is a 
marked tendency of resical growths to be situate m proximi \ ^ J 
ureteral onfices Thev emphasized the high incidence of pathologic 


C H de T and Henderson K P . ' 

L The LpVer Lnnar, Traci .n P.add.r 
Tumors J Urol 42 131-139 ( ) 1939 
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changes, obstructive and septic, in the upper portion of the urinary tracts 
of patients with malignant disease of the bladder 

They stated the belief that it is of paramount importance to determine 
the status of the upper portion of the urinary tract prior to the institution 
of treatment (so that patients vho have ureteral occlusion may be 
properly managed) Measures for proplulaxis are recommended in the 
absence of ureteral obstruction to insure adequate renal drainage in the 
event that acute or delayed obstructive changes occur 

The end results in the management of tumors of the bladder will 
be materially improved if death from renal insufficiency is prevented 
The proper drainage of obstructed kidne3^s may secure relief from dis- 
tressing symptoms and prolong the life of those patients in whom the 
status of the disease in the bladder offers a hopeless prognosis 

Diva ticuhim — Thompson, Kermott and Cabot stated that divertic- 
ulum of the urinar}^ bladder is of congenital ongin and that it generally 
causes no symptoms until obstruction develops at the vesical outlet, the 
obstruction usually is caused by benign prostatic h}’perplasia but may be 
the result of contracture of the vesical neck, congenital obstruction or 
prostatic carcinoma 

If the obstruction at the vesical outlet is to be removed by suprapubic 
operation, it is best to precede this operation by diverticulectom}^ per- 
formed generally as a first stage procedure 

In the large majorit}’- of instances thorough transurethral resection 
of the tissue obstructing the vesical neck will relieve the patient’s symp- 
toms, and diverticulectomy will not be required If the symptoms are 
not satisfactorily relieved, diverticulectomy can be performed subsequent 
to transurethral prostatic resection , the latter operation m no way adds 
to the technical difficulty of removing the diverticulum 

An anal} SIS of the results obtained in 96 patients who were treated 
only by transurethral resection of the obstruction at the vesical neck 
warrants the conclusion that in patients of the age group likely to have 
prostatic disorders the risk, discomfort and prolonged hospitalization 
incidental to diverticulectomy can almost alwa}s be avoided 

Cystitis Cystica — Craig stated that cystitis cystica glandularis is a 
response of the mucous membrane of the bladder to chronic irritation 
The e\ ideiice does not indicate that the glands are necessarily the result 
of embryonal misplacement of intestinal epithelium The condition 
probabh dei elops by means of a process of metaplasia of the epithelium, 

44 Thompson, G J , Kermott, L H , and Cabot, H The Management of 
Dnerticulum of the Bladder Ninet\-Six Patients Treated bj Transurethral Pros- 
tatic Resection Surg, G^nec S. Obst 70 115-119 (Jan) 1940 

45 Craig L G C^stltls Cjstica Glandularis, J Urol 42 1197-1203 (Dec) 

1939 
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passing through the stages of the cell nests of Brunn, qstitis qstica 
and, later, c}stitis glandularis The tormation of glands appears to 
invohe an actne secretory process in the cells rather than a mere degen- 
eration of the central cells of the Bninn’s nests Cystitis cystica 
glandulans is potentiall} , but not actually, malignant and ma\ be tlie 
point of origin of adenocarcinoma of the bladder 

Tabetic Changes — Emmett stated that disturbance of vesical func- 
tion constitutes one of the most aggra\ating s}mptonis of tabetic cord 
bladder It usually is described in textbooks on neurolog) as ^Mifficulty 
m unnation, urinary retention and incontinence ” As a matter of fact, 
true incontinence in the presence of tabes dorsalis is not common In 
most instances so-called incontinence, if carefully studied, ^^Ill be found 
to result from o\ erflow from a distended bladder or from urgenc^ refera- 
ble to infection of the unnai*} tract A^hlch has been initiated by the 
retention of urine 

The diagnosis of cord bladder usualh has been based on the c} sto- 
scopic observations ^\hlch follo^\ reduction in expuisne force of the 
bladder, trabeculation, relaxation of the vesical neck (the internal vesical 
sphincter) and diminution m sensation In a large number of cases 
the atoniaty and trabeculation of the bladder were the only obsen ations 
apparent In realit}’', therefore, the diagnosis of tabetic cord bladder 
in such cases simpl)'' indicated the presence of an atomc bladder ^ath 
retention of urine, occurring m the presence of tabes dorsalis That the 
tabetic condition was responsible for the vesical disturbance ^^as onl) 
surmised When such a system of diagnosis was employed, retention 
of urine in many cases ^vas diagnosed as “cord bladder, whereas, if the 
truth were known, the condition vas entirely unrelated to the neurologic 
disease 

Newer concepts of the physiologic aspects of micturition suggest 
that the act of mictuntion results from the contractile response to stretch 
of muscle fibers of the bladder 

In recent years transurethral resection has been performed at t e 
Majo Qinic for a group of patents with such s}mptoms, ^Mth excep- 
tionaUy good results The former fear of postoperatne incontinence is 
no longer present, since it is knoiin now that if no true incontine 
exists before operative intervention there will be none after^^ard it 
external sphincter (compressor urethrae muscle) has not een injure 
Resection of the vesical neck in a case in nhich the obstruction is 
extremely minimal (such as a very' slight contracture) ml o ten 
perfect ^ esical function even m cases in n hich a large amount o 
urine has been present Also, the obsen^ation is made that manv 


J L cord B,.dd.,” N.«.r Conerptr D„eoo.,. .nd 
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ditions which formerly were diagnosed as “tabetic cord bladder” are in 
reality simple obstruction of the vesical neck in which the associated 
tabes dorsalis plays little, if any, part Combinations of various degrees 
of obstruction of the vesical neck and neurologic involvement make 
diagnosis interesting 

Emmett reported several cases, in 1 of which a man aged 63 years 
underwent neurologic examination, which revealed observations typical 
of tabes dorsalis There was retention of 1,500 cc of urine Eight 
grams of tissue was removed by transurethral resection, after which 
the patient was able to empty his bladder completely This was an 
instance of true tabetic cord bladder associated with mild obstruchon 
of the vesical neck 

Malakoplakia — Rudnick and Ragms *' reported a case m which a 
white woman 53 }ears old had malakoplakia associated with chronic 
ascending unilateral pyelonephntis, nephrolithiasis and chronic ureteritis 
The plaques were composed of large polygonal cells containing Michaelis- 
Gutmann bodies and also large accumulations of lymphocytes and plasma 
cells The cells were entirely distinct from those of the transitional 
epithelium covering them, as was shown by various differential stains 

Bacteriologic studies revealed the chief organism to be Bacillus 
mucosus capsulatus (Friedlander’s baallus), which was isolated from 
the unnar}^ bladder and from the left ureter 

On removal of the left kidney and ureter all the symptoms and the 
malakoplakia disappeared 

Drainage of Pi evesical Space — Chute discussed drainage of the 
prevesical space Because of the fasaa which covers the muscles that 
form the urogenital pelvic diaphragm there is no way m which the pre- 
vesical space can dram itself Infection tends to remain and to spread 
because of the loose, fatty tissue Consequently, if the space is not 
drained or if the dram is removed too early a poorly drained septic 
pocket IS left, resulting m a slowly healing wound or m formation of an 
abscess In Chute’s opinion, extensive suppuration m this space accounts 
for some of the instances of pencystic infection, periostitis or even osteo- 
myelitis of the pubic bone He cited 2 cases m which complications 
resulted from premature withdrawal of the dram He stated that with- 
draw al of the dram should not be started until six days have elapsed 
and until the temperature has returned to normal and that the dram 
should then be shortened daily 

47 Rudnick, D F , and Ragms, A B Malakoplakia of the Bladder, J 
42 108-117 (Aug ) 1939 

48 Chute, R A Note on Drainage of the Prevesical Space, New England 
T Med 220 108-109 (Tan 19) 1939 
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Rupture oj Inflammato) y Masses into Bladdc) — Falk and Hoch- 
man stated that spontaneous rupture ot p\obalpinx or pehic abscess 
into the bladder occurs 

The SMuptoins and signs are usualh masked b} the under!} mg 
pathologic process Rupture of a pehic inflammatory mass into the 
bladder is usually shown by the sudden appearance or marked increase 
of pus m the urine, with se\ere “unnar} s}'mptoms,^’ such as frequency 
of unnation, burning and tenesmus Such s}mptoms are ^erv signifi- 
cant if the} are followed b} impro\ement m the patient's condition and 
recession of temperature 

C}stoscopic stud} establishes the diagnosis, revealing an area of 
bullous edema from the center of which pus exudes 

The fistula usually heals spontaneous!} , recession of the mass being 
achle^ed by medical treatment or by surgical inteiwention 

Patients w ho come for g} necologic treatment w ith a peh ic mass 
should ha\e routine in\ estigation of the genitounnar}" tract, including 
c^stoscoplc stud}, because the presence of local edema of the vesical 
mucosa from a contiguous inflammatory mass ma} be a premoniton 
sign of perforation 

Three cases of rupture of a pehic infection into the unnarr bladder, 
with a collection of 21 cases from the literature, are reported 


URETHRA 


Infection — In a senes of 40 cases of sulfanilamide-resistant gonor 
rhea reported by Alyea and Daniel, 55 per cent of the patients were 
cured wuth sulfanilylsulfanilamide Sulfanilylsulfanilamide probabl} has 
a greater speaficity for certain strains of gonococci Smaller dail} doses 
than were formerly advocated are effective The mterrupted meth o 
administration is recommended To wait for therapeutic maturit} is not 
recommended as a routine procedure Climcally, sulfanilylsulfanilami e 
IS more easily tolerated than is sulfanilamide Penpheral neuntis w a- 
the only serious toxic reaction encountered, and it occurred once in t is 


senes of 40 cases . 

Johnson, Leberman, Pepper and Lynch noted the resu ts o a 
follow-up study in w’’hich 63 of 80 male patients suflfering ^ 
rheal urethritis were treated with sulfapyridine Of these pat » 

50 (79 2 per cent) passed all the tests of cure, the average duration o 


4^alk, H C, and Hochman, S Rupture of Pehi^c 
into the Urinary Bladder, Am J Obst &. Gjmec. 38 6 ^ 4-631 (Oct ) 
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Gonorrhea with Sodium Sulfanil>l-Sulfanilamide, J Urol “ 1^ ^ { 

51 Johnson, S H , Leberman, P R-, Pepper, D S and L.m h,^H ^ U.e^^ 
Sulfapj ndine in the Treatment of Gonococcal Urethntis m the 
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discharge in these cases being two and seventy-seven hundredths days 
The dose was 3 Gm of sulfapyndine a day for four days, followed by 
2 Gm a day for six to ten days In a group of 19 patients whose con- 
dition had been resistant to previous treatment unth a sulfanilamide 
denvative, 684 per cent were cured with sulfapyndine administered 
thereafter Forty-five patients (56 2 per cent) had one or more toxic 
reactions Values for sulfapyndine in the blood were of no significance 
m prophesying reactions or cures In the authors’ experience, siilfa- 
pyridine has been the most efficient sulfanilamide derivative in the 
treatment of gonococac urethritis m the male 

Abscess — Schmitz and Nelson®^ reported 8 cases of suburethral 
abscesses, urine pockets and diverticula in the female urethra More 
than 100 cases of diverticulum of tlie female uretlira have been reported 
Many names are applied to the disorder — "urethrocele,” "cyst,” 
"abscess,” “urmar}'- pocket” or "urinary pouch ” However, the three 
previously mentioned conditions should not be confused with abscesses 
or cysts of Skene’s glands, vaginal cysts or small vaginal myomas 
Urethral diverticula may be classified as either true or false When all 
the layers of the urethra are involved m the process, they are called 
"true diverticula ” False diverticula are those in which only the sub- 
mucosa and mucosa protrude, the muscularis ha^ung ruptured 

The symptoms produced by urethral diverticula are directly referable 
to the gemtourmar}’- tract Pain, frequency of urination and burning are 
nearly always present in this condition, but involuntary loss of urine is 
the most annoying symptom and is rather constant Passage of bloody 
urine is an assoaated symptom in a few cases Sivelling noticeable 
to the patient is an infrequent symptom The diagnosis of urethral 
diverticula is based on careful examination of the urethra and vagina 
A history of urinary difficulty assoaated with mvoluntary soiling, 
together with the discovery of a collapsible bulge in the vagina over 
the urethra, leads to the suspicion of diverticulum If urine can be 
expressed from the mass into the urethra after the bladder has been 
emptied by voiding or catheterization, the diagnosis is made even without 
visual intraurethral examination The diagnosis is absolute after direct 
visualization of the diverticulum opening on urethroscopic examination 
The pocket also may be filled with opaque material and then examined 
by roentgen rays Skene’s abscesses are excluded by reason of their 
situation Solid tumors or cysts do not collapse under pressure 

The treatment of choice for this deformity is surgical removal of the 
dnerticulum Electrocoagulation of the duct and sac is not adiised 
Suprapubic drainage is uncalled for except in instances of complication 

52 Schmiu, H E , and Kelson, P A Suburethral Abscesses, Urine Pocket' 
and Dncrticula in the Female Urethra Am J Obst & Gjnec 38 707-7II (Oct) 
1939 
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Resistance — LangA\ ortin , Drew and \ est stated that the collapsed 
urethra offers a certain resistance to the escape of unne from the 
bladder In addition, the} recognized three more specialized sphinctenc 
mechanisms ^^hIch can be distinguished m the experimental animal 
The Aesical orifice is nonnall} closed and is pulled open b) the con- 
traction of the detrusor muscle and b^ the increased intravesical pres- 
sure S}mpathetic nerve fibers innervate muscle in the region of the 
V erumontanum , this muscle has a sexual function and is particular!} 
well developed m the male Finall}, the external sphincter and the 
perineal muscles fonn a voluntary sphincter Section of the pudendal 
nerves, the sacral nerv’^e roots and the svmpathetic nerve fibers did not 
alter materially the urethral resistance Abnormalities of micturition 
referable to injur} of the nervous svstem are dependent primaril} on 
difficulties of contraction of the detrusor muscle and onlv’' secondanlv 
on changes m urethral resistance The tetm ^‘sphincter disturbances 
is a misnomer 


TESTICLE 


Tumors — 54 reported a case of tumor of the testis in an infant 
The child vv^as 4 months old Two weeks after birth of the child the 
mother first noticed an enlargement of the left testicle Both testicles 
were descended, the nght testicle vv^as normal m size, but the left had 
enlarged to the size of a small hen’s egg The testicle was removed at 
operation, and on examination the tumor was found to be v^elI circum 
senbed and not extended beyond the limiting capsule Microscopic 
examination showed the tissue to be primar}^ embrj^onal caremoma, 
grade 2 Five months later the patient was in good health, with no 


evidence of recurrence 

Cabot and Berkson gave survival rates concerning /3 patients 
treated at the Mayo Clinic for testicular tumor and known massive 
metastasis Fort} -seven patients received irradiation alone, 26 
went orchidectomy followed by irradiation (13 had carcinoma, 13 ha 
seminoma) Of the 47 patients, a group for whom the outlook appeared 
particularly unfa^orable, only 17 per cent sunu^ed at the end of three 
jears. and only 11 6 per cent nere Inmg at fire years Some patients 
lived as long as nine, thirteen and sixteen 3 ears Of the cases m nh.ch 
orchidectomy was followed by irradiation, r\it own massn 
tases, 38 5 per cent of the patients nere alive at the end o 

O R . D.ev, J E and Ve^t S A Lrethral Rcs.slance .n 

Relation to Vesical Actmtr, J Erol 43 123-141 f J®" ^ 42 ’36 

54 Shane, J H Tumor of the Testis in an Infant J brol 42 _o6 -a 
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32 per cent were alive at the end of five years, and 26 7 per cent w ere 
alive at the end of ten years Of these, for the patients who had car- 
cinoma the five year survival rate was only 15 4 per cent, for those who 
had seminoma it was 50 per cent Analyses of all cases m which the 
patients survived three years or more are given m two tables 

Chevassu and Carnllon drew attention to cancers of tlie testicle 
which developed on testicles that had been ectopic and that had been 
brought down surgically Chevassu has had only 2 patients suffering 
from this condition among 350 patients who had tumors of the testicle 
and who came to consult him , Carnllon contributed reports on 3 more, 
from the urologic service at the Val-de-Grace hospital In Carnllon’s 
cases the histologic diagnoses were epithelioma developing from 
Wolffian rests , neoplasm of the wolffian type suggesting a cancerous 
dysembryoma, and dysembryoma of the wolffian type m a state of degen- 
eration Chevassu took some exception to a diagnosis of wolffian epithe- 
lioma, writing that he has not seen any cancers of the testicle that could 
be ascribed frankly to this ongm 

In Chevassu's first case, in which the patient was a man aged 42, the 
lesion was proved histologically to be a seminoma The cancerous 
testicle had been brought down from its ectopic position sixteen years 
previously and had remained m good condition until one 3 ’^eai prior to 
Chevassu’s observation Operation and roentgen therapy reduced the 
tumor from the size of a fist to that of a bean, after which it refused 
to shnnk further A second senes of treatments had no effect The 
cancer metastasized, and the patient is known to have died in the follow- 
ing )'ear This experience caused Chevassu to protest against simple 
radiation therapy In his second case he treated the patient by surgical 
removal of the lesion followed by two series of roentgen treatment and 
has achieved a three year cure, with this patient in excellent condition 
at the time of writing 

In the French literature there are only 14 cases on record of ectopic 
testicle in which cancer developed These were the cases of Chauvin, 
Fey and the present authors Five of the testicles were brought down 
m childhood, when the patients were 8, 9, 11, 13 and 13 years old 
respectively The cancers that developed were treated surgically when 
the patients were, respective!} 30, 36, 20 and 23 years old In other 
words the mten^al Avas long — between seven and tw'enty -three years 
In 7 cases the testicle w'as brought dowm when the patients were 15, 20, 
20 26, 26, 27 and 32 }ears old, and the carcinoma was removed when 
the patients were 15, 25, 35, 26, 42, 43 and 33 years old respectively 

56 Cheiassu, M , and Carnllon, R Cancers testiculaires developpes sur les 
testicules ectopiques aprcs leur abaissement operatoire, J d’urol 47 59-70 f Jan ) 
1939 
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Ihus, in 3 of these cases the inter\al wa^ ^e^ bhort, but m 3 it was 


sixteen }ears 

It IS eMclent that 14 cases represent an exceeding!} small traction of 
the cases ot ectopic testicles that ha\e been brought down into the 
scrotum The question then arises ^lust one conclude that testicles 
brought down are less hkel} to become afflicted h\ cancer than those 
that are left undescended ^ The trequenc^ of carcinomatous degenera- 
tion of ectopic testicles must not be exaggerated In Che^assus senes 
of 350 cases of cancer of the testicle, the number of ectopic testicles is 
onl} a few" units If such testes are predisposed to cancer there is no 
proof of it, and such a predisposition does not appear to exist 

Che\assu expressed the tentatne opinion that trauma facilitates the 
de\ elopnient of cancer of the testes hat role doe^ ectopia pla} in 
trauma ^ Does orchidopex} represent a trauma ^ The 3 cases of 
Qiauvin in which this operation was followed b} carcinoma a few 
months later suggest that operation for ectopia ma} be more dangerous 


than ectopia itself 

It is difficult to know what ad\iee to gne in cases ot ectopia 
Possibl} the urologist has the nght to urge on the parents of children 
realization of the frequenc}”^ mth uhich an ectopic testis ma\ become 
cancerous, but it seems doubtful that he has the right to ur^^e on a u ts 
the sacrifice of a testicle on the ground that it maj hai e a predisposition 
to cancer The medical literature contains only 6 cases m y Inch ectopic 
testicles brought doy n in adults became malignant It seems probable that 
the urologist should explain to the patient (or to the parent, i t le patient 
IS a child), that tins testicle is, at any rate, fragile and that it needs 
yatching After it has been brought doyn the patient should be kept 
under obserr^ation and examined from time to time to see if am change 
is occurring in the organ Too man) instances of cancer ot the testicle 
are encountered by the surgeon too late because the patients lime not 
been warned of the dangers of changes in size or consistenci of the 
organ The patient yhose ectopic testicle has been operated on espe- 
call, shoutd k under obserrat.on I. must be ea.d, 
nunier of cases m uh.ch cancer has dereloped n. such test.cles ,s at 

present too small for any rahd conclusion to be reacie aceociatcd 

Hunt and Budd •' reported an .nstance 
yith interstitial cell tumor of the testicle le pa i j.^potence 
aeed 42 He complained of enlarged, painful breasts and impotence 

-rf 1 r imateh equally ffipertrophied, and a definite 

Both breasts were approximate ) ^ ,,erc 

mass of mammar}" tissue could be Tlip testicles 

tender to pressurl but no tumor or nodule yas palpable The testicles 

Z j r, 4di T \V G^1leco^la<tla \''OCTatetl yitli Intirmtnl 
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were of approximate!} the same size and were uniform in outline, but 
there was a slight difference m their consistenc} On careful palpation 
of the right testicle a slight difference m the consistenc} betA\eeii the 
upper and the lo^^ er pole as noticed suggesting the existence of a tumor 
of about 2 cm in diameter within the substance of the upper pole of 
the testicle 

A positive reaction to the Zondek test equivalent to “1,000 units of 
luteinizing hormone per liter of urine” ^^as obtained by Dr Mona E 
Bettin A diagnosis of tumor of the right testicle was made, and surgical 
exploration of the testicle was advised 

Through a right inguinal inasion the right testicle was found to be 
normal in size and contour, but the slight difference in consistenc) 
between the upper and the lower pole was sufficient!) defimte to warrant 
inasion of the testicle for confinnation Immediately after exposure 
of the tumor, the testicle was reniOAed, together with all the struc- 
tures of the cord as high as the level of the internal inguinal ring 

The patient had an uneventful convalescence and n as dismissed from 
the hospital on the fifth postoperative day There nas return of libido 
immediately after the operation, and within a montli there was a definite 
reduction in the size of the breasts, somewhat less in the right breast 
than in the left The patient was seen at frequent interr^als and three 
months later the left breast had receded almost to its normal size, some 
prominence of the nght breast persisting 

The testis vas of normal contour and average size, measuring 5 b) 

3 5 b) 3 cm An incision in the upper pole had exposed an encapsulated 
tumor 2 b) 2 by 2 5 cm , deep in the testicular substance As the tumor 
was enucleated from the testicle, it appeared to be attached to the upper 
part of the corpus of Highmore by a fibrous pedicle The surrounding 
testicular parenchyma uas compressed and pale yellow No change uas 
noted m the cord or m the epididymis The capsule of the tumor was a 
smooth, thin, transparent membrane containing numerous dilated blood 
vessels 

The diagnosis uas interstitial cell tumor of the testis 
Oj chwpcxy — Young stated that he studied SCXX) cases ot pulmo- 

nar) tuberculosis as recorded in four great sanatoriums in Colorado 
The records showed that the disease was arrested in about 67 per cent 
of the cases it no genitourinarv tuberculosis was present, the disease ni 
about 72 per cent was arrested IMaii) of the patients went home 
apparenth cured Of those w ho had tuberculosis of the urogenital tract, 
a large percentage died In fact, the largest percentage of deaths m 
tuberculosis sanatoriums, judging by the cases studied in Colorado, 

5S Young H in discu'^sion on Sargent T C Orchiope-c^ T Urol 42 860- 
862 (No\ ) 1930 
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occurs among those patients ^^ho ha\e the misfortune to ha\e the genito- 
urinar} tract imohecl b} the process 

Young expressed regret that in recent ^ears se\eral writers ha\e 
taught that radical operation is not necei)Sar\ for earl} renal tuberculosis 
He said that they have propounded the \en dangerous doctrine “If 
\ou get a Acr} early case of tuberculosis of the kidne\, don’t operate 
Sometimes these patients get w ell w ithout operation ” \ oung cited a 

case to show the fallac} ot an^ such adMce 

A patient who was wealtln, who was a sportsman with plenn ot 
time and nione) and who could do whate\er he wished came to Young 
suffering from extremeh earh tuberculosis ot the left kidne} \oung 
told the patient that he thought the kidne} should be remo\ed That 
was a number of }ears ago, and injections ot tuberculin were used con- 
siderabl} at that time The patient had heard about this and said, 
“I Ine in Colorado I can go to the best sanatoria or the best mountain 
resorts there, I can get the greatest experts to gi^e me these injections 
of tuberculin” Young said he did not belie\e in this method, but the 
patient insisted that he wanted such treatment He went to one of the 
greatest tuberculosis experts in the countiw He receued a lull senes of 
injections Three }ears later he was brought back into the hospital on a 
stretcher and died in about two weeks Xecrops) was done The lett 
kidne} was completely destro}ed , the other kidne\ was in\ohed, as were 
both seminal vesicles, both lobes ot the prostate gland and both 


epididymides 

As to whether the epidid}mis, tlie seminal vesicle or the prostate 
gland IS the initial focus, it does not make much difference Certainl} 
the seminal vesicles or the prostate gland show^ jmohement in a \er} 
large percentage of cases Young stated that he had a rude awakening 
a number of years ago, when he went over the cases in which he had 
treated patients by castration and later b} epidid}mectonn On .er^^ 
careful study of 175 cases he found that a large percentage ot the patients 
were dead They had died of tuberculosis of the prostate gland, seinina 
^eslcIes, kidne} and lungs That rude awakening caused him to imes- 
tigate the problem of some form of treatment for tuberculosis ot the 
deeper portion of the genital tract, and since then, he state w len 
he has been able to show that tuberculosis of tlie seminal resides and 
the prostate gland, either or both, exists he has operatec 
gives the opinion of himself and his staflf, because a ^ 

operations have been done b} his associates an a so le - - 

^Nho have become verj^ proficient in it Their opinion is unanimous that 
thev have saved many a life br radical surgical intenention 
In 27 per cent of those cases in addition to taking f ^ 

seminal trL that is, the epididranides the ras the reside and the 
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lobes of the prostate gland, Young has also taken out one kidney, and 
m a number of cases m which such extensive operations were done the 
patients were well at the time of his report 

EPIDIDYMIS 

Tubci culosis — Oimond and Meyers reviewed a series of 35 cases 
in which “genital tuberculosis” has been proved by removal of the 
epididymis This condition in itself is not very serious Epididymec- 
tomy m the majority of cases is a satisfactory procedure, and orchidec- 
tomy IS rarely necessary Epididymectomy is not an emergency 
operation, and postponement of it until suppuration and rupture take 
place seems to do little harm 

In all cases every effort should be made to find and to eliminate, if 
possible, othei forms of tuberculosis Since tuberculous epididymitis 
is a symptom of more deeply seated tuberculosis elsewhere, the patient 
should whenever possible be treated like any other tuberculous subject, 
by means of rest, diet and care m a sanatorium 

The presence of Myco tuberculosis in the urine practically always 
indicates renal tuberculosis 

Tlic epididymis may be the primary site of infection m the genital 
tract 

In Ormond and Meyers’ series, clinical tuberculosis of the urinary 
tract, although the most common concomitant infection, was not invaria- 
bly present Its incidence was a little more than 50 per cent When 
clinical renal tuberculosis is present it is probable that the genital tract 
is infected from the urine through the prostate gland 

Prostatic massage does not seem to make much difference m cases of 
genital tuberculosis but is to be avoided 

Tliomas,““ m discussing Ormond and Mej^ers' paper, stated that 
during the seven years prior to the time of his discussion he had observed 
97 patients who had some of the lesions of tuberculosis of the genitalia 
Eight\ -sc\ en per cent of this group had tuberculosis situated elsewhere, 
and of this number 78 per cent had pulmonary tuberculosis He stated 
the iichcf that tuberculosis of the genital tract is usually secondarj to 
renal tulicrculosib and that the primary urogenital infection spreads 
from the kidney downward 

In the 63 cases of tuberculosis of the genitalia that w'erc adequately 
studied 92 per cent of the patients had renal tuberculosis Twent}' 
three jiaticiits suffering Ironi genital tuberculosis came to necropsy, death 
being tanked In pulnionare lesions, uremia and the like , all 23 patient*' 

59 Ormond. T K and \tc\crs K L Tuberculous Epididvmitn, T krol 
42 829-842 (Xo^ ) 19t9 

60 Thonn^ G T in on Onnond ana Mevert; ^ p 857 
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ot tliib group had definite renal tubcrculc^'i" In mcu of these statistics, 
Thomas stated the belief that tuberculosis ot the genital tract is more 
often associated with and secondan to lesions ot tuberculosis in tlie 
kidne\ 

His cMdencc is not 100 per cent coiKlusne, howe\er, he stated that 
these data suggest that the descending mode ot m\asion of the genital 
tract is most frequentl} Ma the urine In his clinical experience the 
epidid}Tnis seems to be more frequenth iinohed than the prostate gland, 
although data obtained from necropsies re\eal that 22 ot the 23 patients 
had tuberculosis of the prostate gland, while onh 14 ot the 23 had tuber- 
culosis of the epidid}mis In other words the prostate gland is invohed 
more often than are other genital organs 

Thomas showed a chart of data concerning the situation of the lesions 
in 200 cases of tuberculosis of the urogenital s\steni In 45 cases the 
lesions were situated in the prostate gland m 40 in the bladder, m 16 in 
the epididymis, m 14 in the seminal Aesicle in 23 in the testes and in 13 
in the epidid}mis and prostate gland There were 3 cases of epididynal 
tuberculosis and 4 of tuberculosis of the seminal Aesicle m which there 
was no gross eMdence ot prostatic tuberculosis These were all gross 
obsenations The kidne} and prostate gland were not senall} sectioned 


LRI^AR\ CALCLLI 

Chute stated that urea-splitting bacteria are frequenth found in 
association \vith and as the apparent cause of the formation of unnan 
calculi, especially recurrent and multiple calculi 

A review of all the cases of urmarj^ stone m nhich the parents 
entered the Massachusetts General Hospital during 13 s one la 
more than half had an infection witli a urea-sphtting organism as t e 
only apparent cause The commonest organism (60 per cent) nas 
Baallus proteus , next nere nonhemolytic streptococci, stapnococc 
Bacillus pyoc3aneiis, Bacillus influenzae and Micrococcus fla^us m that 
order of frequency 

In 80 per cent of cases of recurrent stone the patients 
with urea-sphttmg bacteria, and m 60 per cent of cases o in ec 
urea-sphtting bactena the patients had multiple or recurrent stones 
Thus recurrent or multiple stones and such mfectmns go lan n 

These infections, especially those caused b^ B proteus are ofmn 
difficult to cure The) are almost ne^er eradicated permanenth u t 
existing stones and also stasis have been remoxed Chron.c.ti o m e 

tion lessens the chance of permanent cure contm- 

chlonde as a urmar) acidifier for infections of this t) pc 
indicated Sulfanilamide has been the most efifectne rug 

R The Significance of 

of Lniiarj Calculi Ne" Fngland J ^fed 219 1030-1 o- 
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HYPERTENSION 

Mulholland stated that there is a definite entit}', involving the renal 
circulation at the renal artery, or else an inflammatory entity within the 
kidney itself, that produces an elevation of the blood vessel tone This 
pathologic process can be determined and, if diagnosed, removed, witli 
cure of the hypertension, as has been proved m experimental work and 
in clinical cases Hypertension should be considered m the same light 
as a fever, it is a symptom rather than a disease Every patient who 
has high blood pressure should be given treatment especially planned 
for him , that means that this treatment may be inadequate and ill advised 
unless the physician knows the status of the kidney IMulholland stated 
the belief that urologists can cure an increasing number of patients with 
hypertension Experimental work and clinical cases may explain the 
failure of many of the operations done on the nervous system for the 
relief of hypertension Perhaps after performance of "lumbar sympa- 
thectomy” there are relief of the vascular spasm in the renal I'^essels 
and a temporary improvement m renal arculation However, because 
of the vascular changes that have occurred there is a return to the condi- 
tion present before operation, the blood pressure is similarly affected 
Certainly, before any patient suffering from hypertension is subjected 
to any of the operative procedures now m favor for the relief of hyper- 
tension, the kidney should be ruled out as the possible cause of the 
hypertension Surely, with all the evidence suggesting that the kidnej 
may be the primary factor m initiating hypertension, the structure 
demands the careful and thoughtful attention of ever} urologist It is a 
real challenge to the urologist to identify pyelonephritis m the stage in 
which pallor, underweight and slight albuminuria are the only signs 
It is only by means of searching inquiry with the foregoing facts m mind 
that urologists will be adding more and more cases to the literature and 
also more pafients who might otherwise have been doomed to a hyper- 
tensive end to the list of those m whom satisfactory results were 
obtained 

Crabtree and Prien noted that there was evidence of damage to 
the arterial blood supply m most portions of a kidney m a case of severe 
bilateral postpartum pyelonephritis m which one kidney had been 
remo\ed at the height of the infection and m which the other kidney 
apparently had reco\ered Since these vessels are terminal, the injur) 
from the initial infection should be expected to produce irreparable 
cortical damage m such kidnejs 

62 ^^lulholland S \V pertension’s Challenge to Urolog\, J Lrol 42 

957-968 (Dec) 1939 

63 Crabtree, E G and Pnen E L The Nature of Renal Injun, in \culc 
and Chronic Colon Bacillus Pyelonephritis in Relation to Hypertension A Coni- 
limed Clinical and Pathological Study, J Urol 42 9S2-995 ("Dec ) 1939 
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Clinical obser\ation of 30 palienti) ^utTermg troin se\ere bilateral 
p} elonephritis during pregnaiic\ from ten to eighteen 3 ears after the 
initial injur} (the infection) showed that onl} 2 ot these patients showed 
evidence of h}pertension When studies ot renal function were made 
in the cases of 7 of these patients, all 7 exhibited severe degrees of 
renal injur} 

H} pertension is not the rule in case> ot :re\ere injur} to the kidne}S 
referable to p\ elonephritis occurring in pregnanc\ e^en remote!} after 
the initial injur} m patients who show reasonable degrees of health 
This does not indicate whetlier these ^ame patients ma^ not be h^per- 
tensne nearer the end of life 


SLRGICAL TREAT AIEXT OF BLADDER, KIDXE\ ^XD LRETERS 


Pnestle} stated that during 1938 Sr'S operations (exclusne ot 
all transurethral procedures) were performed on 786 patients for various 
diseases of the gemtourinar} tract There were 19 deaths in the hospital 
m the entire group of 786 patients, a mortaht} of 2 4 per cent 

Dunng the three years pnor to Pnestle} s report, the number of 
patients operated on for lesions of the kidne} had increased steadih, 
and dunng 1938 there were 307 such patients Approximately half 
(151) of these patients were operated on because of nephrolithiasis 
Two deaths occurred in this group of 151 cases, a mortalitv of 1 3 
per cent 

During 1938, 22 patients wuth stag-horn renal calculi w^ere operated 
on, without mortality In 18 cases the stones were unilatera , an 
nephrectomy was performed in 9 of these In the remaining 9 cases a 
conseiaiative operation as earned out, the stones being remor ed and tire 
kidney presei^^ed In 4 cases bilateral stag-horn calculi were present, 
and bilateral conser\'ative operations w ere performed m tw o stages n 


no instance was secondary nephrectom)' necessar)' 

The more w idespread use of nephrostom} in selected cases has een 
of definite value Nephrostomy not onh permits the preservation of 
man} severely damaged kidner s which otherrr ise might bar e la to 
remo\ed but reduces defimtely the necessity for performance of emer- 
gency nephrectomy after vanous t}'pes of consenatne op^ations o 
the kidney During the past }ear nephrostom} was performed ni 
approximately 30 per cent of the cases m which stones w'cre remoic 
from the kidne} and m all cases m which nephrohthotomi was 

performed ^ , i t *1 n. 

In 75 per cent of the 151 cases of nephrolithiasis m which the 

patients were operated on at the Ma}0 Qinic during 1938 consenatne 


~6rP^Iei, J T Report of Uroloffic Surgen for 193S Proc Staff ^rctl 
■'faio Chn IS 29-32 (Jan 10) 1940 
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operation was performed, that is, stones were removed and the kidiie\ 
was preserved, and in only 25 per cent of cases was nephrectoiri) 
performed 

Fift 3 ^-tW'o patients w^ere operated on for hydronephrosis during 1938 
On 31 (59 6 per cent) of these nephrectom}'- was performed and on 
21 (40 4 per cent) a conservative operation was performed There 
were no deaths in this series, and secondar}' nephrectomy uas not 
necessary m any case after conservative operation 

Nephrectomy was performed for renal tumors in 50 cases, with 
2 deaths, and for renal tuberculosis m 20 cases, with 1 death In 34 
additional cases operations were performed for miscellaneous lesions 
of the kidney, with 1 death A total of 307 patients underwent opera- 
tions on the kidney during 1938, wuth 6 deaths, a mortalit} of about 
2 per cent 

During 1938 ureterosigmoidostomy was performed in 13 cases, with 
2 deaths In 8 of these cases transplantation w^as performed as the 
preliminary stage to total cystectomy for carcinoma of the bladder In 
this group of 8 cases the 2 deaths occurred 

Gradually, during recent years, as experience and efficiency with 
transurethral surgical procedures have increased, few^er and fewer supra- 
pubic operations have been performed on the bladder The first change 
in this regard was, of course, the introduction of transurethral prostatic 
resection The added skill acquired by the urologist in carrying out this 
surgical procedure has enabled him to treat certain vesical lesions with 
equally satisfactor}'- results As a result, suprapubic operations on die 
bladder do not seem to be necessary as frequently as they were fonnerU 
During 1938 the suprapubic approach W'as employed in the treatment of 
vesical neoplasm in 24 cases Segmental resection for carcinoma of the 
bladder was carried out m 7 cases, without a death Total cystectoim 
with preliminary transplantation of the ureters to the sigmoid was 
performed in 6 cases, with 1 death 

Operation was performed m 30 cases for cri ptorcludism, the ^leNcr- 
Torek type of procedure being utilized most often Results continue 
to be satisfactory after this operation for undescended testis Operation 
w^as performed for hypospadias in 31 cases during 1938 The iMcIndoc 
operation, which has for its principle the use of an inlying tubular graft 
has been gn mg increasingly satisfactory,’' results in the surgical treatment 
of this condition 

TRANSURETHRAL OPER VTIOXS 

Thompson stated that a total of 4,073 patients were subjected to 
7 656 transurethral operations in 1937 and 1938 at the iMa\o Clinic 
Since it is necessar} m some instances to perform transurethral prostatic 

65 Thompson G J Transurethral Surgcr\ in 1937 and 1938 Proc Siatf 
Meet ^r^^o Clin 14 657-661 tOct 18) 1939 
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resection in more than one stage, 1 791 operatne procedures \\ere per- 
formed on 1,697 patients Sivteen hundred and se\en of these patients 
were operated on in one stage, 86 in tun stages and 4 in three stages 
Thus, in 94 7 per cent ot cases tranMirethral resection m one stage 
sufficed That transurethral resection In^ replaced other tvpes of 
prostatectom) is CMdent from the fact that in onh 2 cases was supra- 
pubic enucleation done for benign Inpertropln during this penod of two 
}ears In 1 other case prostatectom^ wa^ done tor sarcoma It was 
necessar\ to perform c}stostom} prehniinar\ to transurethral resection 
in onl} 5 cases 

In not a single case during the tw o \ ears w as suprapubic c^ stostomy 
performed for the treatment of ad^ anced renal insufficienc\ or for se\ ere 
infection of the unnar\ tract Thompson and his co-w orkers w ere able 
by careful selection of methods, to carrv on with drainage through a 
urethral catheter until transurethral resection was feasible Success with 
this method of drainage hinges on \ igilance and cleanliness in keeping 
open the proper t}pe of urethral catheter, wffiich has been carefulh 
adjusted It must be recognized, how^ever, that some patients will not 
tolerate an inlying catheter and must be catheterized carefulh at regular 
interv^als until operation can be performed 

The mean average age of the patients during the tuo }ears was 
662 years There were 71 patients aged 80 }ears or more, and ot 
these only 1 died, which seems to pro\e the relatne safeU of trans- 
urethral resection m comparison to other forms of prostatectom^ 

The amount of tissue resected in the average case is mteresting If 
the smaU-bar type of prostate gland and contracted ^eslcal neck arc 
eliminated from consideration, it is found that the a^erage amount 
removed during 1938 was 32 1 Gm m each case 

In the large majont) of cases less than one week of postoperame 
hospitalization was required, and of equal importance is the fact hat 
onl> 25 patients of the total of 1,697 were m the hospital more than 
three weeks, of these, onh 7 spent more than one month in the hospital 


after operation , . 

Th= mortaht) follo,„ng traasure.hral prostat.c resecj.oa danng .l.c 
t «0 years «as 1 6 per cent (27 deaths among the 1 69/ pafcnts) 

Thompson's charts shot that stones nere remoted from the nreter 
m 140 cases, a total ot 199 manipulations being required 
majority of cases the stone lias renloied at tile first attempt ci g 
extracted from the ureter as a rule iihde the patient «as on ^ cism- 
scopic table There is no procedure m transurethral smgmii b 
requires so much patience as the manipulation of a ureteral cal 
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After exti acting a ureteral stone, Thompson wrote, he alwa\s places a 
ureteral catheter in the ureter and a urethral catheter in the bladder, so 
that for fort) -eight hours all drainage of urine is mechanical, and the 
edematous ureter and tngon ha^e time to reco\er from the trauma 
of manipulation 

Litholapaxy \vas performed in 142 cases This, too, is a procedure 
whicli saA'es the patient many da}s in the hospital During these two 
years, suprapubic lithotomy w as performed onl) 1 1 times , this indicates 
that most vesical calculi can be remo\ed without resorting to open 
operation 

The destruction of tumors of the bladder b) transurethral tulgura- 
tion w^as carried out m 374 instances This includes those cases m 
which treatment by either transurethral or open operation in prenous 
)ears had been follow^ed by recurrence For a number of patients 
presenting large papillary grow^ths of low grade malignancy, the bulk 
of the tumor w as ^emo^ ed by means of a cystoscopic forceps or resecto- 
scope Radon seeds were implanted in small tumors of a high grade 
of malignancy m 28 cases 

It IS interesting that lntra^enous anesthesia was used in 1,882 cases 
Since most of the procedures are of short duration, the intravenous 
injection of pentothal sodium ( sodium- l-methylbut)4-tlnobarbitunc aad) 
by the fractional method is satisfactor) Thompson has found that 
transurethral prostatic resection can be performed in most cases in less 
than twenty minutes, and for patients aged 80 )ears or more who are m 
rather poor condition the intravenous method of producing anestliesia 
IS far superior to other types , there is less bending and manipulation of 
the patient , he can sit up m bed a few^ hours after operation, and tlius tlie 
chance of pulmonar)^ and other complications is mmimized Spinal 
anesthesia was emplo}ed m 1,548 cases, with highly satisfactor) results 
Procaine h) drochloride injected through the fourth lumbar interspace 
in a dose of 80 mg or less, depending on the weight and age of the 
patient, provides anesthesia for approximately one hour for transuretliral 
prostatic resection or other intravesical manipulation It seldom causes 
serious reactions Inhalation anestliesia with nitrogen monoxide is the 
method of choice for infants and cliildren and was used in 72 cases 
Sacral block anesthesia was employed onl) 37 times because in Thonip' 
son s opinion, severe ph) siologic reaction to the large amount of procaine 
hydrochloride which must be injected is observed frequently among men 
of an age at which prostatic disease is like!) to occur This chance for 
such a reaction to occur far outvieighs am theoretic adiantages which 
the method has oier spinal anesthesia 
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B\CTERIOLOG\ OF LRI\ \R\ FR VCT I^FECTIO^'■ 


Schulte studied the bactenolognc ot the unnai*} tract in 

nonnal persons and patients b} inoculating 0 5 cc of unne into dextrose- 
brain broth and hormone-blood agar pour i)lateb Subsequent identifica- 
tion of the organisms 'was made b} u^ing other mediums For normal 
controls, onh those persons 'w ere used w ho w ere not suffenng from an's 
clinical infection of the gemtourinarv tract and who, in addition, had 
negatne smears in a Gram stain of the unnan sediment and prostatic 
secretion 

Schulte studied four groups of nonnal men In the first, the second 
portion of the voided unne of a clean specimen was used Small 
numbers of colonies of nine different organisms were found, of which 
micrococci, diphtheroids and Streptoccocus taecalis were most common 
The second group, m which the urine was obtained b} catlieter, ga^e 
similar results, with fewer colonies The third group, in wdiich the unne 
W’^as obtained as m the first group but after la^ age of the anterior portion 
of the urethra, was di\ided into two equal subgroups, one having sterile 
unne, the other urine infected by iMicrococcus After voiding, prostatic 
massage was done Culture of the secretion show’’ed alpha streptococci 
in practically all cases and in those wnth micrococci in the voided 
specimen micrococci as well Schulte concluded that micrococci are 
normal inhabitants of the anterior portion of the urethra and alpha 
streptococci of the postenor part of the urethra and the prostatic 
secretion 

Schulte also studied a fourth group, for w Inch retrograde pyelograms 
w^ere made Unne obtained from the bladder cystoscopicall} ga^e the 
same results as have been recounted, but the results of examination of 
the unne from the renal pelvis were consistently negative From this 
Schulte concluded that cystoscopic examination introduces bacteria from 
the urethra into the bladder Schulte pomted out that this method of 
bactenologic study wall reveal those instances of clinical infection missed 
by Gram-stainmg of unnaiy' sediment or of prostatic secretion tap 
lococcus aureus w^as ne^ er isolated from the unne or the prostatic secre 


tion of normal subjects , , _ 

Schulte descnbed a medium m an organism s urea-sphttmg 

ability rnay be tested, using thymol blue as an indicator an quari 
determinations for ammonia On this medium, Schulte found Protcm 
ammon.ae and Micrococcus ureae to be the uorst offenders Str faccah 
did not utilize urea at all Occasionalh other organisms ou , 

as much as would the aforementioned tu o B) culturing on this medium 


T L Ne^^er Methods in a Stud^ of ‘J’" 

U^nar^ Tract Prehm.^ar^ Report Proc Staff Meet Ma.o Chn 14 .49 . ^ 


(April 19) 1939 
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fust It IS possible to pi event o\eigioutli of other oigaiiisins and thereby 
make isolation more complete 

Schulte also checked the pathogenlClt^ of gram-positive, mass-form- 
ing COCCI m VIVO on rabbits and guinea pigs and in vitio in human or 
hoise seium Coi relation between the tests was 90 per cent The 
coagulose test also differentiated the staphylococcus from the micrococcus 

Thompson and Schulte described a medium on which the urea- 
sphtting ability of an organism may be tested The composition of the 
medium is peptone 0 2 per cent and sodium chloride 0 5 per cent in 
distilled uater To each liter 20 cc of 0 2 per cent alcoholic solution 
of thymol blue is added The pn is then 6 8 The solution is sterilized 
m amounts of 10 cc A solution of 10 per cent urea, sterilized by filtra- 
tion, IS added to the sterile tubes until the concentration of urea is 0 5 per 
cent When the pji reaches 9 4, the medium is deep blue A positive 
reaction to this test is one in which this color is obtained within forty- 
eight hours, an experimentally determined standard The blue color 
occurs when the level of free ammonia is not less than 25 mg por 
hundred cubic centimeters It was found best to use 0 5 cc of urine 
as the inoculum Three hundred specimens were studied , 200 were 
range finding and 100 for more intense study Of these 100 specunens 
24 were positive, yielding Proteus (13), diphtheroids (7), micrococci 
(2) and Salmonella morgani (2) In some cases the urea-sphtting 
organism was detected only m this medium, and was not found when 
blood agar or eosin-methylene blue mediums were employed Thompson 
and Schulte emphasized the importance of stud)ang the urine for urea- 
splitting organisms in instances of (1) persistently alkaline unne, (2) 
acute diffuse fulminating hemorrhagic cystitis, (3) incrustations and 
(4) urinary calculi Cases of acid unne and oxalate and urate stones 
were not involved, but in those cases in which alkaline urine and phos- 
phate or carbonate calculi were present, more than 50 per cent had a 
urea-splitting organism present Thompson and Schulte discussed some 
of the aspects of urea-splitting organisms Avhich are of clinical impor- 
tance The present study constitutes a preliminary report The impor 
tance of adding a few drops of urine to the urea broth is emphasized 

Crenshaw and Cook pointed out the value of sulfanilamide in 
treating bacillurias (Eschenchia coli, Aerobacter aerogenes, Salmone a, 
Proteus) of all sorts, especially those compheated by obstruction or 
chronic prostatitis Mandelic acid therapy is still the best for use m 
cases of uncomplicated bacilluria Neither sulfanilamide nor man e ic 

67 Thompson, L, and Schulte, T L Urea-Sphtting Organisms i" 

Preliminary Report, Proc Staff Meet , Mayo Qin 14 361-364 (June 7) 193 ^ 

68 Crenshaw, J L , and Cook, E N Limitations, Dangers, and 
Sulfanilamide in the Treatment of Urinary Tract Infections, J Urol 4 
(Jan) 1939 
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acid IS of much \aliie in cases of non^pecihc prostatitis It is the best 
drug for a Proteus infection, but it is relatueh inefficient in eradicating 
Str faecalis and staplnlococci The micrococci fall into a variable 
intermediate group 

Crensha^\ and Cook pointed out that dangers may be avoided b^ 
close superMSion Ten per cent of patients cannot take sulfanilamide 
\ high percentage have toxic s}mptoms ot vhich headache, malaise 
and \\eakness are the most common FcAcr and c}anosis are indications 


for discontinuing the drug Cyanosis portends methemoglobinemia or 
sulfhenioglobinemia as well as acute hemol} tic anemia and granulo- 
C}i:openia Cutaneous reactions are ot tvo t}pes, increased sensitivit}^ 
to light and a morbilliform rash Two thousand patients suffering from 
urologic conditions received the drug, ^\lth onh 3 se\ere reactions 
The dose was in most cases 40 grains (2 6 Gm ) daily for patients 


who had nongonorrheal conditions In instances of gonorrhea, doses of 
60 grains (4 Gm ) given daily for three or four days are foUo\\ed by 
doses of 40 grams dail} for seven da} s In order to prevent a decrease 
in the carbon dioxide— combining power of the blood caused by sulfanil 
amide, Crenshaw and Cook advised administration of magnesium oxide, 
1 or 2 grains (0 065 or 0 13 Gm ) with each tablet of the drug The 
use of saline cathartics is forbidden When sulfanilamide therap} or 
fever therapy alone fails in eradicating the gonococci, the two ma} 
succeed when combined The para form of the drug is the most effectn e 
Thompson pointed out the unsatisfactor}^ management of patients 
who have an obstructing enlarged prostate gland in the presence o 
chronic renal insufficienc}^ prior to the introduction of transurethral sur 
gical procedures The treatment of patients with such a condition vas 
prolonged and disappointing, and it occasionally ended vit iout surgi^ 
treatment other than permanent suprapubic drainage it i care u 
preoperative and postoperative care, such patients nov ac ne^ e comp e e 
relief quickly by means of transurethral resection Thompson s i lus ra- 
tive case was one m which a man 52 years of age had had s}mptoms of 
prostatic obstruction for n^o years and loss of strength, drowsiness and 
vomiting for two months On admission he was dehydrated anemic 
and underweight floss of 40 pounds, or 18 Kg ) an la mi ^ 

sions and KusLauks breathing The bladder extended to the umbilicus 
The prostate gland was only moderately enlarge on rec a 
lion Treatment conststed of .nstallat.on ot an .nij.ng urethral ca heW 

and parenteral adnnn.strat.on of fluids (5 per "’.i on 

logic solution of sodium chloride, lactate-Rmger [ ar mann 


69 Thompson, G 
Renal Insufficienc\ 
(June 28) 1939 


T Transurethral Resection in the Presence 
Report of Case. Proc Staff \fect Ma\o Clin 
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and 5 pet cent solution of sodium bicaibonate) dail} B} means ot this 
ticatnicnt the ^aluc for inea in the blood, which on admission had been 
4SS mg pci hundicd cubic centimeters, was reduced to 124 mg on 
the da} of operation, tuent) -three days after admission The carbon 
dioxide-combming po\\er had been 12 6 volumes per cent on admission, 
and this was satisfactorily controlled With intravenous anesthesia 
pioduced by pcntothal sodium (sodium-l-meth 3 lbut}l-thiobarbituric 
acid) 19 Gm of prostatic tissue was removed b}' transurethral resection 
Convalescence "was uneventful Postoperative examination showed no 
residual urine, there had been 650 cc on the patient’s admission The 
Aalue for blood urea when a determination vas last made vas 104 mg 
pel hundred cubic centimeters The patient’s simptoms and general 
health had improved markedly at the time of Thompson’s writing 
Patients previously and similarl} treated have, as a group, shovn 
improvement in their general health 

Sandholzer and Scott presented the results of a study ot the aerobic 
gram-negative baalli encountered in infections of the genitourinany tract 
In all, 530 cultures of material from 283 patients were subjected to 
detailed iiiA’^estigation with the aim of ascertaining whether anj^ relation 
betu'een the t 3 'pe of organism present and the response of the patient 
to treatment could be discovered 

The bacteria consisted of six genera Members of Escherichia were 
found in 83 per cent of the cultures (27 species or t}^es) and members 
of Aerobacter in 13 per cent (14 species or types), whereas the remain- 
ing 4 per cent were distributed among the genera Salmonella, Proteus 
Shigella and Pseudomonas 

Hemolytic activity was determined on rabbit’s blood-pork infusion 
agar m pour plates Although aU of Brown’s types of hemol}^sis vere 
observed, the type was independent of the genus or species of the 


orgamsms present 

When specimens of urine from the same subjects were cultured at 
intervals over a period of months, the type of organism recovered m 
some instances remained constant as to species and type of hemolysis 
but m other instances variations in either one or both of these factors 
occurred Thus, from 1 patient nine different species belonging to 


three genera were recovered at various times 

Correlation of the bactenologic observations with the clinical recor s 
suggests that differences in the therapeutic response of patients who 
have bacillar)’- infections of the urogenital tract may depend to some 
de<^ree on the particular type of gram-negative bacillus responsible or 


the infection 


70 Sandholzer, L. A , and Scott, W W A bacteriological and Cim, cal St^ 
of Bacillar}’ Infections of the Urogenital Tract, J Urol 42 183-196 (Aug ) 
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HERNIA AND INFECTION OF THE LRIN -^Rl TR-^CT 

Seaman stated that the predispubing cause of hernia is the per- 
sistence ot the Aaginal process, which accompanies the testicle in its 
descent into the scrotum It rarel} causes pain, e\en when it exists 
Pam in the groin and epidid}mis referable to prostatoAesiculitis fre- 
quently IS mistaken for evidence of henna 

Performance of herniorrhaph} for pain alone is ne^er justifiable 
Infection m the low er portion of the urogenital tract is often hidden 
The “injection’’ method of treating patients who ha\e pain but no 
hernia should not be condoned 

Pam following herniorrhaphy is trequentl) the result of ^asitis and 
not of nerv’^es being caught in the line of sutures 

Alandehc aad and sulfanilamide are two great adju\ants m the 
treatment of prostatovesicuhtis 

Leukorrhea has not been stressed sufficient!} as a cause ot prostato- 


vesicuhtis 

Cases im oh mg the aforementioned conditions w ill not be adequately 
adjudicated in the courtroom until the diagnosis in all instances has been 
made properly 

UROGRAPHY 

Crane reported a case in which sudden death occurred following 
intravenous admimstration of diodrast (3,5-dnodo-4-pyndone-N acebc 
acid and diethanolamine) Thirt}" cubic centimeters w^as injected in t e 
usual manner dunng about two minutes After this, the patient ecame 
cyanotic, and his respirations decreased to 6 per minute Death occurre 
about tw^enty minutes later m spite of the use of the usual restoratu es 
The cause of death as indicated b} necropsy was edema of the lungs 
and of the Iar}mx A small number of cases of this bqie haAe been 
reported in the literature In most of them, as m Crane s case. 


patients w^ere very lU ^ i i j 

Wesson,"" m discussing the case reported b} Crane in ^^hlch deat 
followed the intravenous administration of diodrast or intrar^ou 
urographic study, cited the v ork of Robb and Steinberg, v o use arge 
amounts of the medium injected A'cr}^ rapidly for the pu^ose o s lowin 
the outline of the heart These inr estigators hare used this technic i 

456 cases, without the occurrence of a single death , r r~i r- 

In a discussion of urography, Braasch stated that at the Mar o Clinic 
excretorj’^ urographic methods have been emplo3e or approx 
25,000 patients, rnthout occurrence of a death 

J a nemia and Lover Urological Tract Infection J Urol 42 

^^JVrfnrVr Sudden Death Follow .n| Jntrarenous^^ -> 

Diodrast for Intrarenous Urographr, T Urol /4a-/ ) 

73 Wesson, M B , m discussion on Crane , ^2 p /54 

74 Braasch W F, in discussion on Crane, = p /v 
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Ncsbit and Douglab stated that the suheutaneous administration 
of adult doses of diodrast in proper dilution with physiologic solution of 
sodium chloride is entire!} safe and technicall} ad^antagcous No ill 
cflccts, either local or s}steinic, were noted in any of their cases 

The solution is ahsorhed complete!} in fort} -five to si\ty minutes 
Optimal excretion of the d} e m the normal kidney occurs m ten to 
thirty minutes after injection 

1 his method has an ad\antagc o\er intra\enous p} elographic methods 
for infants in its ease of administration as well as in the higher incidence 
of diagnostic roentgenograms thereby obtained 

Schulte and Emmett reviewed urographic studies made in 112 cases 
of retroperitoneal extrarenal tumor, proi ed at operation, hoping to find 
some diagnostic characteristics in the urograms The 112 cases may be 
divided into Iw'o groups (1) 40 cases in wdnch the retroperitoneal 
tumor did not originate in the pancreas or kidney and (2) 72 cases in 
which the tumor originated in the pancreas In 29 (72 5 per cent) 
of the first group of cases, examination of the urograms disclosed dis- 
placement of the kidney or the ureter or both In these cases the 
displacement w'as very evident, the kidney and ureter most often ivere 
definitely displaced medially or laterally In a few^ cases, however, the 
kidney w'as displaced upw'ard or dowmw^ard, and there occasionally w'as 
evidence of bizarre types of renal rotation in various planes In 68 
(944 per cent) of the 72 cases in group 2 there w^as no displacement 
of the kidney or ureter Histopathologic examination revealed that most 
of the tumors m the cases of group 1 were sarcomas, whereas in the 
cases in group 2 approximately twm thirds of tlie tumors were adeno- 
carcinomas, and a third ivere cysts 


TESTOSTERONE PROPIONATE 

McCullagh and McGurl *' stated that complete sexual maturit)’’ can 
be developed in instances of severe testicular deficiency by injection of 
testosterone propionate The attainment of normality in some features, 
such as beard and prostatic growth, requires larger doses and a con 
siderably longer time than is required for the response of ot ler 
structures 

Testicular descent has occurred m 3 of 10 cases, and the testes i3i^ 
increased in size, as judged by palpation, in 2 cases Skeletal rnaturation 


75 Nesbit, R M , and Douglas, D B The Subcutaneous Administration of 
Diodrast for Pyelograms in Infants, J Urol 42 709-712 (Nov ) 1939 

76 Schulte, T L , and Emmett, J L Urography m the Differential Diagn 
of Retroperitoneal Tumors, J Urol 42 215-219 (Aug ) 1939 

77 McCullagh, E P , and McGurl, F J ObservaUons on the Chnical u 
Testosterone Propionate, J Urol 42 1265-1273 (Dec ) 1939 
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m li}pogonadal men recening doses \ar\ing approximate!} from 75 to 
150 mg per week ma} ad^ance at a rate exceeding the normal 

Injections of testosterone propionate cause a pubertal t}pe of acne 

A case is described m which repeated examinations of the semen 
showed the total production of sperm to decrease markedl} during 
therapy There was an apparent though less definite decrease in the 
motility of spermatozoa and m the Aolume ot the semen 

Results of testosterone propionate therap} in 4 cases ot g} necomastia 
are reported, wuth comments on this therap} for 14 w nmen, m 2 of w horn 
treatment produced e^^dences of Mnlism 

HEMATLRIA 

Barach and Pennock stated that the orthotohdine test is a sensltl^ e 
method of determmation of occult hematuria A positne reaction to 
this test was obtained in one third of 681 general cases of the so-called 
chronic diseases in which treatment was medical Occult bleeding is 
less common m }outh, when there are more intact vessels, and it is 
more common m females than in males, because of the greater source 
of bleeding m the female generative tract Seasonal sanation pointed 
to the highest incidence during the summer months Albummuria and 
occult blood are found independently of each other, each having its own 
significance Gl}COSuria is not a cause of occult bleeding Arsenicals 
m therapeutic doses do not cause occult bleeding Alkalmit} or acidit} 
of the urine is not a cause of occult bleeding In patients showing 
persistent occult hematuria, hypochromic anemia is common A re\ lew 
of the type of case m which the strongest reactions occurred re\eals 
that these reactions w ere most pronounced in the clinically recognize 
serious types of disease and that the test reflects the patient & actua 
condition 

ANURIA 

Kutzmann stated that anuria is a serious clinical condition and 
therefore is of great importance 

Anuna may be of either the prerenal or the renal secretory t^ pe or 
of the postrenal, or obstructi\e, t^pe With the former the causatne 
factors are either proximal to or are in the kidnc} itself w crea wnt i 
the latter the cause lies in or distal to the renal peKis 

78 Barach J H , and Pennock L L. Diagno^ic Value of Occult Hcm-ituria 

A Stud\ of Three Thousand Speamens of Unnan Sediment T A 
640^42 (Feb 24) 1940 

79 Kutzmann A A Anuria A Clinical SUi6\ T Urol 42 U/4-U09 
(Dec) 1939 
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Thcic aie inan\ cliologic factors in anuna, but they may conveniently 
be grou])cd into (1) picienal, (2) lenal, (3) postrenal — intrinsic and 
extrinsic — and (4) a transitional or combination group 

Clinically, a patient -who has anuria may be considered as being in 
the peiiod of tolciancc when no signs or symptoms except the anuna 
are noted , as being m a period of minor intolerance wdien mild nausea, 
vomiting hiccup headache, and diarrhea are noted, and as being in 
a period ot major intolerance when the given signs and symptoms 
progress to convulsions and coma and finally to death 

The diagnosis of anuna is made from a carefully taken historj', 
physical examination, absence of urinary secretion, plain roentgen study, 
ureteral catheteriration and studies of the blood chemistry 


Treatment consists of an immediate diagnosis as to the type of anuria, 
supportive treatment for the secretory type and immediate drainage 
either by ureteral catlieteriration or operation for the postrenal or 
obstructive type, supported by the usual administration of fluids 
Surgical intervention may be indicated in any^ well selected case of 
anuria The prognosis is much better for the obstructive type than for 
the secretory type of anuna 

Five personal cases of anuria are presented (1) a case of nephritis 
m which there was anuria of eighteen days’ duration and in w^hich there 


was a level of 300 mg of nonprotein nitrogen and 24 mg of creatinine 
per hundred cubic centimeters of blood, (2) a case in which postrenal 
reflex anuria followed ureteral catheterization, (3) a case in which 
secretory^ anuria was caused by'' necrosis of the tubular epithelium fol- 
lowing cholecystectomy and was associated with acute hemorrhagic 


pancreatitis, (4) a case in which postrenal or obstructive anuria was 
referable to a calculus situated in the ureter of a remaining kidney, an 
(5) a case in which postrenal and renal secretory anuna was associate 
with a value for nonprotein nitrogen of 267 mg and a value for 
creatinine of 40 mg per hundred cubic centimeters of blood, m 1 
case the condition was caused by an extrinsic bilateral ureteral obstruc 


tion due to diffuse retroperitoneal carcinomatosis 


RENAL DIGESTIVE REFLEX 

Emerson, Smith and Orkin stated that an analysis of 487 con 
secutive cases of disease of the upper part of the urinary tract 
that in 50 (10 2 per cent) a diagnosis of lesion of the digestive tract a 
been made and that the average duration of symptoms referable to t c 
gastrointestinal and urogenital tracts was four years and one and nine 

80 Smith, E , and Orkin, L The Renal Digestive Refle\, J Urol 43 
(Jan) 1940 
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tenths }ears respectnel} Ihere no cibe m which the urogenital 
complaints preceded the gastrointestinal sMnptoms 

1 w ent} -three patients had undergone a pre\ious abdominal opera- 
tion, without benefit In this group 20 had ne\er had an} urogenital 
S}TOptoms prior to, and 10 iiCAcr had an\ urogenital s}mptoms before 
or after, abdominal operation 

The authors demonstrated the reflex ner\oub mechanism b} means 
of "which a diseased kidne}' ma^ cause sMnptom^ in the digestive tract 
This mechanism also explains the reason that a unnar}'" lesion on one 
side maj give rise to s}anptoms in the digestne tract on the other side, 
of which condition 6 cases are reported 

From a consideration of all observations, the} suggested that for an} 
patient w ho has undergone previous abdominal surgical exploration v\ ith 
no relief of symptoms or any patient in whose case the histor}^ and the 
results of plnsical and gastrointestinal laboratorv examination do not 
dovetail urologic inv^estigation should be done 


AXESTHETIC AGE^TS 


Tuoh} and Thompson recommended solutions of 2 per cent 
cocaine, 4 per cent nietycaine or 1 per cent diothane (but not procaine) 
locally for simple procedures When the surgeon is dealing vMth appre- 
hensive or hypersen si twe patients, the intravenous administration of 
pentothal sodium (sodium-l-meth}lbut}l-thiobarbituric acid) may be 
advisable The adv^antages of this type of anesthesia are eas} induction 
and a short recov^er} period and the noninflammable nature of the agent 
It therefore has replaced anesthesia produced by inhalation anesthetic 
agents to a large degree, especially for elderly, hypertensiv e or debilitated 
patients and m procedures in which considerable electrical equipment is 
used Rectal anesthesia (avertm with amylene h}drate) is used onlv 
occasionally, because of its depressing effect on the S}Stolic blood 
pressure 

For transurethral prostatectom} , Tuoh} and Thompson outlined a 
course of premedication For the sturdier patients, low spinal anest lesia 
may be produced by a moderate dose The importance of pre^entlng 
^ascuIar collapse bj using the interspace of the fourth and fifth 1 urn lar 
vertebrae is emphasized Ephedrine sulfate (3/8 grain, or - 
IS used routinel) in the production of local anesthesia at the site o t ic 
lumbar puncture except in cases of hypertension If the pre.sure 
decreases subsequenth, ephednne sulfate administered lntra^enou«^ 
helps to maintain the r-ascular tone 


E B and Thompcon G T ^^ctI.od. of AncstlicMa for Trane 
urctliral Prostatic Resection and Otlicr O eto'copic roce uri 


(Oct) 1939 
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For 'I'uoln find Ihonip^on iiilravenous ancbtliciia was the method 
of clioicc in appiT>\nnalclv 50 pci cent ol 3.4<S0 pincedures performed 
on the low Cl part of the genitourinary tract Most of the remainder 
wcie done undci spinal, block or local anesthesia fuohy and Thompson 
icpoited in some detail their method of producing anesthesia mtra- 
\enousI} I'ractional admunstiation of a 2 5 per cent solution of 
pentothal sodium is used Ephednne sullate oxygen and parenteral 
fluids are gnen on the opciatmg table as indicated 



/IS and Dr Harvey Cushing TI 
A^ashbum, of Lake Lure, N C 
i in Baltimore for Dr Lewis in ; 


le photo- 
, on the 
.926 



ARCHIVES 0 F SURGERY 

Volume 41 AUGUST 1940 Number 2 

COP\EICHT 1940 BY THE AilEHICAN MeDICAI. AsSOCIATIO 


DEAN LEW IS 

A BIOGRAPHIC SKETCH 
VERNON C DA\ID MD 

CHICAGO 

Appraisal and appreciation of real achie\ ement in a man s lite comes 
too often as an epitaph It is pleasant, therefore, to make one ot the 
noteworthy exceptions in this Dean Lewis birthday issue of the 
Archives of Surgerv, 'which, by their contributions to it, affords a fetv 
of his associates and pupils an opportunit} of mdicating for his many 
fnends their admiration of his achievements and their affection for him 
as a man and of vv ishing him many more years of active and happy life 

To attempt to paint the picture of Dean Lewis (for those who know 
him) is a footless effort Individualism and friendly aggressiv eness 
often stand out as impressions on meeting him for the first time As a 
student in his class m surgical anatomy I was struck by his complete 
dominance of the scene, his accurate and historical knowledge of his 
subject and his alertness to the reactions of his class and subconscious } 
by the fact that anatomy in his exposition of it was no longer a ea 
but a bnght, Imng subject This is an indirect wav of sa}ing that near \ 
all men are instantly attracted to him and that his great influence on t e 
development of his pupils and associates is a natural result o o vnous 
forces 

After his graduation in 1895 from Lake Forest College and in 1899 
from Rush Medical College, Mhere he came under the influence ot 
Bilhngs, Hernck, Senn and Sevan, he interned at Cook Count} Hos- 
pital, an institution which has made a deep and lasting impression on 
surgical consciousness of the Middle W'est With him as intern c 
leagues in the hospital Mere Rom an. Wells, Kana^cl, Beslei and Rich ter, 
and dominating the scene as attending surgeons Mere Fengcr, Murpln. 
Ochsner, AndreM s and Harris A recital of these names, so m ell kno^^ 
to American surgeons, indicates that inspiration for hard Mork and good 
fellowship abounded 

On completion of Ins internship he accepted a position as instructor 
of anatom} at the Unn ersitA of Chicago and for tour \ cars ar uou_ ^ 
dmoted himself to his task, Mith a consequent cound kmoM ledge ot 
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anatomy whicli> coupled with an unusual memory for its details, has 
often subsequently brought amazement to his colleagues and consterna- 
tion to his medical students Coming under the influence of Bensley, 
then professor of anatomy, he became interested in vital staining of 
tissue and, utilizing this technic, he reported the histologic changes and 
h3^perplasia of the chromophile cells in the anterior lobe of the hypophysis 
in a case of acromegaly In this period were included six months of 
graduate study with Spalteholz in Leipzig, Germany, where (by recon- 
struction models) the fascia of the kidney was the subject of study 

From 1903 to 1924, with the exception of the war years. Dean Lewis 
taught surgerj' at Rush Medical College and earned on an increasing 
surgical practice at the Presbytenan Hospital He became professor 
of surgery in 1920 and shared with Bevan the burden of teaching and 
direction of surgical activities 

It was in this stretch of years that he became exposed and succumbed 
to the wiles and attractions of travel His reputation as a teacher and 
then as a surgeon and a contributor to progressive surgical thought grew 
steadily, and he was in demand throughout the Middle West and the 
West as a consultant surgeon, an operating surgeon and a speaker 
His leadership in diffusion of sound surgical and pathologic knowledge 
was everywhere acknowledged His many contributions concerned 
themselves with ductless glands, transplantation of tissue, bone tumors, 
neurosurgery and pathologic studies of the breast which were the results 
of both clinical and experimental studies A noteworthy happening 
during this period was the first clinical use of ethylene as an anesthetic 
by Dr Lewis at the Presbyterian Hospital Subsequently, “Chnical 
Experiences with Ethylene Oxygen Anaesthesia” was published by 
A B Luckhardt, the discoverer of ethylene, and Dean Lewis, m 
December 1923 

As a teacher he provokes the greatest interest on the part of his 
students and colleagues, not only because he commands their respect 
for his clinical knowledge of the subject and the relation of the funda- 
mental sciences and of medical history to it but because he conducts his 
clinic in the manner of a dialogue, which in the course of events demands 
answers to questions This requires an agility of mind and a breadth 
of knowledge that few of his students and associates easily command, 
and, as a consequence, succeeding classes carry away, in addition to 
the chnical instruction, knowledge of many anatomic, pathologic an 
historical facts The mere mention to his former students of the claw- 
hand and the lumbncales, “Madame” Dejenne, Rokitansky, Nicoladoni 
or Astley Cooper will recall a few of the inquiries posed by an inspiring 

teaclier , 

The World War played an important role in Dean Lewis hfe an 

in some ways may have been one of its happiest periods Having a deep 
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regard for his country and tor the soldier^) ot the line who were seiwang 
it, enjoying the society of his fellow men rebourcelul in unexpected 
situations and having real abilit} as an organizer and sufficient ph}sical 
stamina to can*}'’ on, he made his seiw ice a notable one Let the record 
speak for itself He was commissioned a major m the medical corps 
of the United States Arm} m the spring ot 1917 and was directed to 
organize Base Hospital No 13 at the Presb\tenan Hospital, Chicago 
In December 1917 he w^as ordered to actne dut} with his orgamzation 
at Fort McPherson, Ga , and shortly atten\ard was sent to tire Uni- 
versity of Michigan to conduct research on regeneration of nen^es with 
Dr G Carl Huber This work resulted m valuable information on the 
method of formation and prevention ot neuromas About May 1, 1918 
he rejoined Base Hospital No 13 at Camp ^Merritt, N J He e 
for France on May 18, arriving m June in Limoges, where Base Hos- 
pital No 13 was permanently established On July 8, he was sent to 
the American headquarters at Chaumont as the head of a surgical team 
consisting of three officers, two nurses and two orderhes an 
assigned to work at Evacuation Hospital No 7 at Coulommiers 
two weeks of very active service there he was transferre to \acua lo 
Hospital No 6 at Chateau-Thierr}% and on August 1 e w^ 
command of the surgical seiwnce at Evacuation Hospita o " ^ ^ 
was also located at Chateau-Thien*}^ He continued to work wath this 
hospital until the end of the war Dunng this penod it was stationed 
at Juvigny from August 29 to September 14, taking care of the wounded 
from the Thirty-Second Division dunng the Verdun offensive It w^ 
then moved to ViUers-Cotterets, where it was set up in readmes o 
evacuate the wounded from the St Mihiel sector out ? K r 

the hospital was moved to LaVeuve, where it functioned until October 
16, taking care of the wounded from the Secoi^ Dnision an rom 
Thirty-Sixth Division dunng the Champagne offensive In *e fea > 
of the war his hospital was stationed at Staden, e gium, 
the Thirty-Seventh Division and also with the ^metJ-^rst 
armistice Major Lewis was returned to Base Hospita i o 
promoted to the rank of lieutenant-colonel of tiie Lnited States - } 

On December 28 he returned to the United States an si^eridan 

command of United States General Hospital Lo 28 t 
111 . where a large portion of the sennee consisted ^ 

injunes and reconstructive surgical procedures n * United 

honorably discharged from the Accorded him the 

States government, in recognition of h s 

distinguished senuce medal ionMnno- nnd 

After his discharge from the armi he returned to i ^ 

practice at Rush Medical College and the 

1920 he accepted the editorship of the Akchues of SrKCEH^ ^ h.cli 



212 


ARCHU'ES OF SURGERY 


has continued to devote Ins energies to making one of the significant 
surgical journals of the day He received oflfers from several medical 
schools to head their departments of surgerj', but it was not until Janu- 
ary 1925 that he accepted the professorship of surgery at the University 
of Illinois INIedical School This position he occupied for only six 
months, as he then accepted the professorship of surgery at Johns 
Hopkins University, where he succeeded Dr William S Halsted 
Dr Lewis’ work and accomplishments at Johns Hopkins are well 
known He found himself among friends of many years’ standing, who 
made him welcome and have ably supported his leadership in teaching, 
investigation and the training of young men During this period 
Dr Lewis has been particularly interested in and has contributed largely 
to the knowledge of the relation of sex hormones to tumor growth He 
has edited the widely used "Practice of Surgerj^” published by Prior, 
and it is in these volumes that his own classic work on peripheral nerve 
injuries and regeneration of nerves appears 

I should like to quote a paragraph from a letter written to me by one 
of his Baltimore and Johns Hopkins Hospital colleagues Speaking of 
Dean Lewis, he said, "His Friday clinics to the third and fourth year 
medical students were among the best and most scholarly presentations 
of surgical discussions tliat I have ever listened to In these and in other 
teaching exercises he displayed a remarkable familiarity with the surgical 
literature of the whole modern world and a memory that was astonishing 
in Its accuracy He was particularly interested in the surgery of periph- 
eral nerves, tendons, joints and bones, and in these fields, which many 
general surgeons rather neglect, he showed a master)’- of the subject and 
an operative facility which was remarkable During his entire time here 
he laid great emphasis on the relationship of anatomy to surgery and 
also on acquaintance with the unusual types of infections such as actino- 
mycosis, sporotrichosis, etc He turned out from the residency of the 
surgical service at the Johns Hopkins Hospital a number of extremely 
able young men, many of whom have secured positions of importance as 
teachers and staff members of universities and hospitals ” 

Emerson has justly said that too many times one is weighed doivn 
by facts and forgets principles This imperfect record of Dean Lewis 
has perhaps had in it too much of facts and too little of the man What 
stands out, then, above the facts ^ A host of fnends who know the 
greatness of his soul, his loyalty, his matchless spint, his love of sports, 
his great ability as a surgeon and his comradeship salute him and wish 
him long life and well deser\’ed happiness 
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REPORT OF ^ CA-E 
IRVIX ^EEL^ VD 

LOLISMU-E I \ 

A patient came under m} care in Dect^T b<=T 1939 ^nth acute appen- 
dicitis He presented such a multitude i >bci^ral tumors that alter his 
recover}’’ from the operation for appendiciti'^ a -tud\ \\as made, and the 
case was deemed ^\orthy of report Thi^ wa^ not so much because of 
the ranty of the lesion as because ot the number and extent of the 
tumors, 91 being re\ealed on the roentgenograms The condition con- 
formed to the pattern of hereditan deiorming chondrod} splasia in that 
numerous tumors were present, accompanied with skeletal detormities 
which arose between childhood and matunn and imohed bones de\ el- 
oped from cartilage The component parts ot each bon\ system, with 
the exception of those de\ eloped irom membrane, showed such 
inv olvement 

In addition to the outv\ard projections from the cortical regions 
giving nse to deformities, inward projections with the lormation of 
central lesions w’^ere present According to Geschickter and Copeland 
**the fundamental basis of the congenital disturbance is obscure, but 
deficiencies in the periosteum and a tendenc} for the penchondnum 
to persist and to function as such, together wnth precartilaginous con- 
nective tissue about the joints, seem to be responsible for most of the 
deformities ” 

report of case 

The patient, a man aged 25, w*as one of ten children He «tated that three of 
his brothers (not a\’ailable for examination) had similar tumor maescs and 
deformities, none as numerous or as large as his own The remaining brother 
and his fi\e sisters showed no \nsible endence of the di'^easc There wa^ a hi«tor\ 
of similar tumors m the father, but none had occurred in the mother or in the 
older generations of the famih so far as he knew Hi«: first bon^ deiormit\ was 
noted b\ his parents when he was 1 ^ear oIcL A.t the age oi 11 ^car‘^ he wa*^ 
admitted to the Children’s Hospital The records show that in June 1925 bon\ 
tumors were remo\ed from the left outer malleolus and from the lower erd 
the left ulna, microscopic examination of which confirmed the clinical dnerno*:!*^ cf 
benign osteochondroma Roentgen examination at that time 'ho; cd muItipR 
exostoses of nearly all the long bones” Throughout childhood and adolc<cc''cc 
numerous tumors appeared some oi which grew <tcadih producnc’ dcK^rmitK 
ibout the larger joints of the extremiticc During tl c la^t four ^ ear*: - ncc rc-ch -g 
n^atunta, he had noted no further increase in «izc oi or the ti rr ' 

no change in an% or the deformities of the extremit He c-\c -r h c , - < 





Fig 2 — A, nbs and sternum, B, pelvis and hip joints 
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pain associated with the tumors and compiair cd of no disfunction other than a 
hmp due to shortemng of the nght leg and a limitation of motion m the left UTist 

Physical examination ret ealed the heart ,ung blood pressure, blood and unne 

to be normal 



Pig 3~A, 

ulna 


left shoulder and upper part of humerus 


B left elbow mdiu^ and 


The head and neck were apparenth normal with no \T«ibIc or [ulpablc I>on\ 
deformities 

The patient stood wTth the pcl\T«^ lilted to the npht and prc<tntefl a rrr-<k*'uc 
structural “nght lumbar left dorcal «cclio‘=i^ There wa«; ‘^omc rcMtirn ci tlit 
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vertebrae, causing prominence of the right paravertebral region, especially noticeable 
in flexion Motions of the back ucrc free, with complete range of flexion and 
extension but slight restriction of lateral bending and rotation There were small 
palpable irregularities and tumor masses on the medial border and posterior surface 
of the right scapula The spine of the left scapula presented small palpable tumor 
masses, and its posterior surface also was nodular and irregular There were 
numerous small conical masses arising from the ribs, but there was no marked 
deformity of the thorax as a whole Palpable nodules were present over tlie pelvis 
All four extremities presented var^ung-sizcd, bony, hard tumor masses attached 
to the ends of the long bones These tumors were of different shapes, some smooth 
and rounded, some nodular and some sharp In several areas there were compound 
masses with multiple projecting processes The tumors were not tender and were 
not attached to the skin or to the soft tissues In addition to the tumor masses 
there were numerous deformities, tlie left upper and the right lower extremities 
being most severely involved The Icngtlis of similar portions of tlie extremities 
were different on the two sides, comparable measurements being as follows 


Upper 


Rlgrbt 

Left 

Acromion to olecranon 


12 inches 
(80 4 cm ) 

U Inches 
(279cin ) 

External condyle to radial styloid process 


0^ Inches 
(24 cm ) 

8^ Inches 
(215cm) 

External condyle to ulnar styloid process 


9 inches 
(22^ cm ) 

6% Inches 
(16 4 cm ) 

Ix)wer 




Anterior superior lilac spine to Internal malleolus 

34^ Inches 
(87 5 cm ) 

85% Inches 
(9icm ) 

Anterior superior Jllao spine to patella 


Inches 
(41^ cm J 

1791 Inches 
(46 cm ) 

Left Upper Extremity — There was a 

rounded, smooth bony tumor 

1 inch (2 5 


cm ) in diameter attached to the medial aspect of the humerus, presenting in the 
axilla There was no restriction of motion of the shoulder The shaft of the 
humerus was smooth and straight In the region of the elbow there was a small, 
irregular tumor mass apparently arising from the medial epicondyle. The head 
of the radius was prominent and palpably enlarged from tumorous overgrowth 
The axis of the elbow joint and the carrying angle were approximately normal 
Flexion and extension of the elbow were approximately normal There were 
operative scars over the lower end of the radius and ulna, with rounded masses 
attached to the radius The ulna was markedly shortened, throwing the wnst into 
about 40 degrees of adduction Flexion and extension of the wnst were limited 
about 10 per cent, and there was over 50 per cent limitation of supination There 
were several small pointed tumor masses arising from the metacarpal bones an 
the phalanges near the joints, causing slight deformity and limitation of motion 
The fourth metacarpal bone was approximately inch (12 cm) shorter than 
normal, the head being depressed and palpable in the palm 

Right Upper Extreimty — ^There were a few palpable tumor masses arising from 
the upper end of the humerus, but there was no deformity and no limitation o 
motion of the shoulder There were a 1 inch (2 5 cm ) rounded tumor mass m 
the region of the medial epicondyle and 5 degrees of cubitus Amarus deformity o 
the elbow Flexion and extension of the elbow were complete, but there was ve ^ 
slight limitation of pronation and supination There was a small gomted tumo 
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ansing from the distal third of the ulna, but there was no deviation from the normal 
relafaon between the radial and the ulnar stjloid processes There was no apparent 
involvement of the carpal or the metacarpal bones, but there were small tumor 
masses on the phalanges of all five fingers There w^s 'very slight angulation 
deformity of the second, fourth and fifth fingers but no restriction of motion 



Fig 4^A, nght shoulder and upper part of humerus, B, right elbow, radius 
3nd ulna 


Left Lozver Ext remit v was no apparent dcformit\ around tlic left hip 

There were diffuse grating on motion of tJic hip and limitation of abduction to 
about 30 degrees There was no limitation of flexion, cxlcn^on or rotation The 
greater trodiantcr was in its normal relation but there w'as palpabk irregular 
enlargement of the upper end of the ‘^Iiaft and the neck of the femur Tlic thigh 
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was apparent!} normal, but in the region of the knee there were fairly large 
rounded nodules palpable on the medial and lateral aspects of the lower end of 
the femur There was complete range of motion at the knee There -was a large 
compound tumor mass about 3 inches (7 6 cm ) m diameter on the medial aspect 
of the upper end of the tibia, causing about 10 degrees \algus offset of the shaft 
on the chaplnsis There likewise were small rounded protuberances o\er the upper 



Fig 5 — A, left knee, B, left ankle and foot 


end of the fibula There were numerous rounded and pointed masses around 
lower ends of both the tibia and the fibula, but there was free motion of the a e 
joint However, marked talipes valgus was present The foot was broad and s 
and a few irregularities were palpable in the metatarsal bones The great toe w ^ 
apparently normal There was a severe congenital anomaly involving the ot 
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toM The third and fourth were displaced dcr^Ih 
and there was a partiallj de\ eloped supernum^ rar^ 
the fourth 


abo\e the second and fifth, 
digit between the third and 


there Extremity —Thtre was no restriction of motion of the hip, but 

(86 cm )\r,dr'!!rr M ^ 3 

) de, palpable posterior to and below the greater trochanter The thigh 



Fig 6 — A right knee B right ankle and foot 

''3s normal, but there w^s a se\ere deformit\ of the right knee due to tumor 
fasces ansing from the lower end of the femur and the upper end of the tibia 
c kmce lacked 15 degrees of complete extension There were 20 degree*: of Mlgu^ 
*^tt\ and about 15 degrees of external rotation at the knee There were large 
t^ompound tumor ma^^es anting from the medial «idc of the femur nnd iibn 
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causing discoloration of the skin o%cr their prominences There also \\as marked 
enlargement and dilatation of the saphenous -vein There were small tumor masses 
on the lateral aspects of the lower part of the fibula and the upper part of the 
tibia In the region of the ankle there were scars from prcMous operatl^e removal 
of tumor masses, but there were numerous small nodular masses still present 
around both malleoli There was slight talipes valgus of the foot but no other 
dcformitv, and few small tumor masses were palpable 

summary 

A case of chondrodysplasia in a man aged 25 is presented 



THE PLACE OF THE GASTROSCOPE IN THE 
DIAGNOSIS OF LESIONS OF THE STOM- 
ACH AND OF THE DUODENUM 


DONALD C BALFOUR, MD, F RC S 

ROCHESTER, MINN 

The great contributions which have been responsible for the present 
knowledge of lesions of tlie stomach and of the duodenum have been the 
facts disclosed by surgical treatment of these lesions during the life of 
the patient, the development of roentgenology, which shows by indirect 
means the site and character of these lesions, and the development of 
the flexible gastroscope The development of endoscopy has been a 
spectacular feature of modem diagnostic methods, and those instruments 
which have for their purpose the visualization of cavities of the body are 
some of the most ingenious and useful examples of the instrument 
maker's art It was inevitable m all this development that some satis- 
factory means should be devised for \asualizing the intenor of the stom- 
ach For many years ph}sicians had to be content with an inadequate, 
ngid instrument, but the flexible gastroscope has opened a new field 
and has proved that it is possible to obtain a satisfactory view of the 
interior of the stomach in almost all cases It is difficult to visualize two 
portions of the stomach a narrow strip of the posterior wall, along 
which the gastroscope rests and which cannot be separated far enough 
from the lens of the gastroscope for adequate visualization, and a small 
segment of the lesser curs^ature of the antral portion, just beyond the 
angle There are a few cases in which the difficulties in using the 
instrument are such that this type of examination is contraindicated, but 
these cases form onl} a vcvy small per cent of the cases in m Inch gastro- 
scopic examination is ad\ isable Enough experience has now been 
obtained in the use of this instrument to give some idea of its \alue and 
its contributions to know ledge of lesions of the stomach and of the 
duodenum 

When it was learned that the gastroscope would gi've a satisfactory 
Mew of the interior of the stomach, one of the first questions winch the 
members of the medical profession sought to answer was m relation to 
gastritis It w^as gencrall} accepted tliat gastritis is the most frequent 
of all pathologic conditions of the stomacli, but there was \agucncss as to 
how gastritis should be classified from the standpoint of s\Tnptoinatology 


From the Division of Surgerv, the Oinic 
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and the relation of tlic symptoms to tlie various stages Similarly, a 
satisfactory answer had not been given regarding the relation of gastritis 
to organic lesions of the stomach, particularly to ulcer and carcinoma 
1 he claim made by many observers that gastritis is a precursor of ulcer 
and IS the chief factor in disappointing results following ojreration for 
ulcer has been difficult to evaluate The basis for this claim is someuhat 
theoretic, but certain clinical and experimental evidence supports it 
For example, it has been shown that the use of cmchophen in animals 
produces a sequence of events culminating in chronic ulcer, in which 
gastritis in various stages associated with multiple ulcerations precedes 
the formation of the chronic lesion ^ Any method %vhich would permit 
one to identify these different stages of gastntis clinically, to obsen'e the 
circumstances under which they develop, to correlate the s}Tnptoms iwth 
the pathologic picture and to determine whether these changes are hable 
to be followed by chronic ulcer would be a great contribution toward a 
more intelligent understanding of both benign and malignant lesions of 
the stomach It is in this respect that the flexible gastroscope offers 
so much As yet there is much to be determined, but a vast amount of 
information is rapidly accumulating which may be applied to a better 
understanding of these questions 

In cases of duodenal ulcer the gastroscope has not as yet been of 
much value, since it is impossible to wsuahze the duodenum, and only 
those changes whicli are secondary to an ulcer can be identified But 
in this respect the gastroscopic examination may be valuable, for the 
decision as to treatment may be determined b}'^ the finding of a defonnit)' 
secondary to ulcer Similarly, gastroscopic examination ma}'’ disclose 
important data in respect to results of operation for duodenal ulcer 
This is true m cases in which disappointing results follow surgical 
management of ulcer, regardless of the operation which has been carne 
out, and particularly in those cases in which operation involves the use 
of the jejunum eitlier in gastroenterostomy' or after partial gastrectomy^ 
One of the puzzling problems in connection with surgical treatment o 
duodenal ulcer has been that of interpretation of some of the symptoms 
which may occasionally recur after operation In tins respect the gastro 
scope IS proving to be a welcome aid in obtaining accurate information, 
for the skilled gastroscopist is enabled not only to study the operator 
stoma, which maj' be under inspection, and report on its actual appear 
ance but to study the adjacent portions of the loops of the mtestm 
winch were assoaated with it , ^ 

In cases of gastric ulcer the chief value of the gastroscope is m 
differential diagnosis of benign and malignant ulcer Enough evi enc 

1 Stalker, L K E-y-penmentaJ Cmchophen Peptic Ulcers, Thesis, Fni 
sity of Minnesota Graduate School. 1937 
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has now accumulated to show that b} thi^ mahod such lesions can be 
studied so direc% as to give \aluablt. nitormation in determining 
whetlier or not the ulcer is malignant I do n. >t believe that the method 
has reached the point of absolute dependabi' t\ \et the knowledge which 
has been acquired in the relativel} short time n w hich the instrument has 
been used seems to indicate that, more than ant other method except 
microscopic examination, it will p^obabI^ contnbute to the surgeon's 
ability to differentiate these lesions Similarl\ the method makes it 
possible to locate other, smaller lesions u hich ma\ ha\ e been o^ erlooked 
m a case of gastric cancer It is also true, although of rare occurrence, 
that roentgen examination may fail to detect a small cancer in the tundus 
of the stomach, yet the lesion may be readil} identified by a competent 
gastroscopist The gastroscope also permits identification of the t}’pe 
of cancer and enables one to determine whether multiple lesions are 
present Of the greatest importance is the tact that it may gi^ e informa- 
tion as to the operabihty of the growlrh 

It IS in the study of the stomach alter operation that the flexible 
gastroscope has such interesting possibilities Until tins instrument was 
developed to a point at which a satisfacton^ inspection of the stomach 
could be made, the interpretation of symptoms persisting after operations 
for benign lesions of the stomach was, to some extent, conjecture 
It IS probably for this reason that there was such a great discrepanc}^ in 
the figures reported from various clinics as to the results of ^^^ous 
types of operations, since the relation betw^een s}mptoms and pathologic 
change m the stomach after operation is on a much less definite basis 
than when no operation has been earned out While roentgenolog) con- 
tnbuted much knowledge in this particular group of cases, the roent- 
genologist w^as the first to recognize the fact that there w^ere definite 
limitations in the story the roentgenoscope and the roentgenogram could 
tell of the postoperative condition of the stomach, particular!} in those 
^ses in which extensive reconstruction operations had been part ot the 
surgical procedure The increasing accurac\ of the flexible gastroscope 
in enabling one to view^ practically all parts of the stomach lias been a 
Wn to both the clinician and the surgeon in e\aluating s\mptoms tol- 
lowing operation and also in providing ewdence as to the effectneness 
uf Aanous types of operation Some surprising points ha\e alread\ been 
brought out by Schindler and his assoaates = and h\ Moersch and 
Walters ^ m gastroscopic studies alter operation 

2 Schindler, R , and Gold R. L Gastro^copj in Gastnc Carcinonn C 
in Its Earb Diagnosis, Surg, G>'ncc Ob^t 69 1-17 (Juh) 

-chmdler, R, Nechclcs, H, and Gold R L Surgical Gastnli*; A Stud\ of 
uic Genesis Found in Resected Stomachs uath Particular Rcicrcncc to ho 
So Called “Antral Gastritis' Associated with Ulcer ibid 69 381-2^j < Stpt ‘ 

^ Moersch H F and Walters W Lnpuldidied data 
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The latter observers recently studied a senes of more than 100 cases 
in which various types of operations \\ ere carried out Some interesting 
observations ^^cre made possible by this stud}, particularly m relation 
to the incidence of gastritis, vhich has been such a controversial point la 
regard to the relation of gastritis to persisting symptoms after operation 
For example, m about a third of the cases in which gastroenterostomy 
\\as done for duodenal ulcer and in which suffiaent symptoms persisted 
to require a subsequent thorough examination, gastroscopic study 
revealed that the stomach was apparently entirely normal Although 
Schindlei , in his report of postoperative gastroscopic examinations, 
noted a much smaller percentage of normal stomachs after operation, 
Moersch and Walters pointed out that this disagreement is probably 
due to difference in opinion as to wdiat constitutes normal gastnc mucosa 
and early changes of gastritis They also pointed out that the gastro- 
scopic picture may change markedly after an acute infectious process 
or an indiscretion in diet The feeling that “the longer the penod which 
is allow'ed to elapse betw^een a surgical procedure on the stomach and 
gastroscopic examination, the less likely is gastritis to occur’'’ was not 
found true m this series The question of w'hat accounts for gastnc 
distress m those cases in which the stomach is normal as far as the 
gastroscope is concerned introduces the fact tliat functional disturbances 
are apparently frequently tlie predominant elements in the s}Tnptonis 
both before and after operation Approximately two thirds of the 
patients wdio were subjected to gastroenterostomy for duodenal ulcer 


and in whom completely satisfactory results did not follow the operation 
sho'w'ed evidence of gastritis, and almost every variety of gastntis might 
be seen in the same stomach Moersch and Walters pointed out that 
one variety, whicli they classified as erosive gastntis, seemed not only 
to produce distinct symptoms but to respond satisfactonly to therapeutic 
management This type of gastntis is charactenzed by multiple sniai 
erosions In a small group of cases in which gastroenterostomy 
done for duodenal ulcer tliere was a history of gastric bleeding at some 
time after the gastroenterostomy, and the clinical history was suggestne 
of gastrojejunal ulcer In the cases in which another operation was 
performed the lesion which w'as found was erosive gastritis associa e 
with gastrojejunitis rather than a ty^pical gastrojejunal ulcer ^ 
appearance of the stomach after partial gastrectomy is parhcu ar J 
interesting because of the still debated question as to the pennanen^ 
effectiveness of partial gastrectomy in dealing with duodenal ulcer 
tlnrd of these cases no abnormality wms detected in tire gastnc or 
jejunal mucosa, and in this group, as m cases in which gastroenter(«^ 
tomy was performed, satisfactorj^ control of the symptoms was obtan|^^ 
by medical measures There was a high inadence of erosive gastn 
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but fortunately this also seemed lo i^itactonl} to adequate 

medical management In a group oi Cc - l gj^tnc ulcer in which an 
opportunity Avas gnen for subsequent ^ - rw„r pic examination, the 
majority of the patients had been su ^ excision of the ulcer 
and gastroenterostomy, and a smaller t l - i 2 u undergone a partial 
gastrectomy There apparently was a[ r the same relation 

of gastritis in this group of cases as wa-^ ’ be preceding groups, 
with the additional finding of carcinoma ni umcient percentage of 

cases to illustrate the close relation of ga^tll^ i ^ a^^d gastric caranoraa 

In a general w^ay, the study which m and Walters ha^e 

recently completed has given important int^rmaoi to the appearMce 
of the stomach after various types of operation^ icr ^anous legions e 
important feature of the study is that the high incidence of gastritis is a 
probable factor m the persistence of s}mptr-ni- Further s^dies o e 
stomach after operation wuU probabi} , it carried out on a su aent num 
ber of patients w^ho have not had recurrence of simptoms after opera- 
tion, furnish further important information on this interesting pom 
Therefore, it may be antiapated that it wall be possible to e\a uate 
more accuratel)’’ the cause of s3’inptoms following operation or pep 
ulcer and to deal more intelligently wath them 


Permission was granted b> 
pared in connection wath their 
yet been published 


Drs Moersch and Walters to use staU.tics pre- 
DStoperatl^e study of the stomach, which has not 



BORDERLINE PROBLEMS IN THE 
DIGESTIVE FIELD 


THOMAS R BROWN, MD 

BALTIMORE 

Notwithstanding the increasing penetration of surgery into many 
other fields, cardiovascular, respiratory, renal, neural and endocnne, I 
feel sure that the digestive tract presents by far the most borderline 
problems, in which one must decide m each individual case whether 
surgical or nonsurgical treatment is the more likely to bring about cure 
or improvement To operate or not to operate for peptic ulcer, gastric 
or duodenal, disease of the gallbladder, chronic appendicitis, cancer of 
the esophagus, stomach or small and large intestine or nonspecific 
ulcerative colitis — ^that is the question, and, if operation is decided on, 
when to operate, what operation to perform and who is to operate On 
the proper answers to these questions depend in large measure the end 
results in each case 

While the mam purpose of this short paper is to discuss treatment, 
it is axiomatic that for the optimum results correct diagnosis or, at least, 
a diagnosis of maximum probability is essential But diagnosis of many 
mtra-abdominal conditions is often extremely difficult, and it is only by 
the closest cooperation of internist and surgeon as well as by utihzation 
of all appropriate technical methods that error can be reduced to a 
minimum One may like to agree with Neusser that “the history of the 
case should give us our correct diagnosis, the physical examination and 
laboratory findings should be merely confirmatory” or to beheve with 
Hilton that “every pain has its distinct and pregnant significance if we 
will but carefully search for it,” but m the abdominal field this is some 
times not enough Nevertheless, it is obviously essential that in every 
case a careful and thoroughly digested history should be taken and an 
espeaally painstaking analysis should be made of the symptom patn-— 
the symptom that usually brings the patient to the physician for 
many cases it is the best means of reaching a correct diagnosis or at 
least of obtammg a valuable clue 

But pain is often a fragile reed on which to lean, for there are ew 
if any pain fibers m the viscera, and with a viscerosensorj' reflex as t e 
best explanation of abdominal pain, with the similarity of the neric 
supply to abdominal and thoracic organs, with the close proximity o 
the various abdominal organs to each other (for example, the gallbla 
the pylorus, the duodenum, the hepatic flexure or the appendix. 
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irjn Jinl response 
>or\ interpretation 
lost meticulous care 


nght ovary and tube and the urete^ i 
all that separates the lower thoracr ui i 
IS it an} wonder that the pain pictiirr ^ n 
often o\ erlap, that referred pain is s i 

tation of a gi\en pain is difficult ai 
It IS worth remembering m thi^ c 
^‘Practice of Surger} mentioned ^ 
the pain of disease of the gallbladder a 
simulate that of acute appendicitis, a jo i 
unpredictable \ anables, the enormous \ ^ 

to stimuli and the large role the ps\che ph^' i 
Thus, while each case should be studied with d 
by the internist as w^ell as the surgeon tor eicli approaches the problem 
from a somewhat different angle and each ma\ discmer something which 
the other ma} have missed, and while each case must be regarded as 
presenting a special problem of research to be attacked that insatiable 
intellectual curiosit} that differentiates man trom the beast, there whl 
probabi} alwa}s remain a small group in which one is obliged to agree 
with Charles Ma}0 that '^sometimes our best means of diagnosis is the 
memor}’^ of what w e found in the abdomen w hen an explorator} operation 
was performed months or perhaps \ears pre^ioush upon a patient 

presenting a similar clinical picture 

Many of the organic diseases of the digestne tract are o^aoush 
potentially '‘surgical’" as regards treatment But surgica trea en is 
a tvvo-edged sword — it takes awa^ but it also gi\es, it remoAes organic 
disease — ^ulcer, diseases of the gallbladder or appendicitis at a s P 
ingly low mortalit\ rate m the hands of a skilled surgeon, u w i 
best techmc there is ahiajs the possibiht, of ° ' 

bringing about greater or abnormal 

while certain operations in their esse 

physiologic picture-for example, ^^rtain 

sigmoidostomy or cholec} stogastrostom} hnt 

of diese tuiphisiologtc states mat produce fen or cicn no “ 

sometimes the state of the patient mat be no better *on ,,jn,mcd 

treated surgically From a month's census of a 1 n.n patient admitted 
10 thi, clinic, one fourth of the total number had been prci - P_ 
on but had returned complaining of the same s\mp 

other hand the surgeon ,s prone to Jorg« 'ba. ■nnetiona. 

disturbances do not d.sappear u,, rrea.n.cn. ,o 

't maj take months or even ^ears of cnreiui po ^ jrn o' 

conquer these functional '’»b.ts-P>lorospasm 
jn^lnc or intestinal d\spcpsn nnd n 
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has converted man) potential cures into relative or complete failures 
The surgeon is keenly aware of the immediate results of the operaUon, 
results due in some measure to the rest and proper care m the hospital 
incidental to the operation He is far too often ignorant of the late 
results of supposedl} successful operations, for, if old symptoms persist 
or new symptoms arise, the patient frequently does not return to the 
same surgeon but consults an internist or another surgeon 

I shall discuss briefly certain of these borderline conditions It is 
axiomatic tliat the more definite the need for surgical attack, the greater 
the likelihood of a permanently successful result Thus, the percentage 
of cures is much higher in cases of cholelithiasis with frequently recurnng 
attacks of pain, in cases of gastric or duodenal ulcer with gross organic 
obstruction and in cases of acute or recurrent appendicitis than in cases 
of chronic cholecystitis without stone, nonobstructing peptic ulcer or 
chronic appendicitis The greater the need, the more clearcut the picture, 
the better the end result* 


PEPTIC ULCER, GASTRIC OR DUODENAL 
The question of peptic ulcer was once the great battleground 
“Each champion to the other’s virtue blind 
And thinks his treatment only cures mankind” , 
but it is now the scene of few controversies, for the lion and the lanih 
lie down peacefully together, and the lamb is often more bloodthirsty flwji 
the lion The borderhne problems m this field, however, are sti 
interesting 

How much do the obstructive symptoms depend on organic stricture 
which is “surgical” , how much on inflammation, spasm and edema, v 
may be relieved by nonsurgical measures ? 

How many large hemorrhages should a patient have before hemo 
operated on'*’ In most cases two or three, not more Should the opera 
tion be performed at the time of the bleeding because the source of 
hemorrhages is difficult to find in the intenml between bleedings, 
often a minute ulcer or erosion, often tucked between mucos^al 
How often is potential malignancy a reason for operation ^ 
m the case of duodenal ulcer, but certainly always in the case o 
ulcer if the lesion does not respond to treatment, if occult bloo ^ 

in the stool or if the roentgen defect is large and persistent un^ ^ 
regimen of rest, soft diet and time And yet in my senes 
cent of gastric ulcers became malignant , in two relatn el}' recen 


senes, only 1 8 per cent and 3 per cent respectively ^ 

If there are perigastric or penduodenal adhesions u ^ „ 

obstruct but which render normal ph}SioIogic entp- 

should one tr)' dietetic and pffisical measures before adusin. 
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Many patients can be kept surprisingly comtortable if the} are willing 
or able to follow certain rules as regards diet and general hygiene, some- 
times supplemented by simple medication, but with the American patient, 
at least, this is not easy, he chafes at restrictions, he demands quick 
results Just as m the cure of acute ulcer, any one, vnih a very simple 
diet, can usually quickly relieve the symptoms Very few have the 
personality and the persistence to persuade the patient of the necessity 
of a long course of after-treatment Yet, if operation is finally deaded 
on, this IS the type least likely to respond satisfactorily 

If operation is decided on, what shall the operation be^ Gastro- 
enterostomy is brilliantly successful in cases of gross obstruction, but 
in my experience it is usually disappomting v hen there is no obstruction 
or only very slight obstruction It drams the stomach and gives partial 
rest to the ulcer, but it does not stop hemorrhage, and it is essentiall} 
nonphysiologic It is not without justification that the Germans speak 
of '^dtese Krankheit-G astro enter ostomie^^ or that Horder said, ‘'the 
operation should be regarded as the first step in treatment and not the 
last '' 

Should one, in certain cases of gastric ulcer in vhich resection is 
extremely difficult, utilize jej unostomy more, so that one may see vhether 
long rest and freedom from local irritation ma} bnng about a cure^ In 
my hands, the best results have been obtained by the smaller resections 
■"—pyloroplasty (possible only in a relatively small percentage of cases 
and performed well by the very few), gastroduodenostom\ , the Pol} a 
operation, etc , but a great many able surgeons belies e that in \ er} large 
resections lies the only hope not onl} of curing ulcer but of pre\ enting 
its recurrence and that it is only by removing the entire aad-stimulating 
portion of the stomach that this can be brought about Are the} right ^ 
Time only can tell 

The treatment of ulcer is a \er} complicated problem, and the ke\ 
has not yet been found, for ulcer is not onl} a local problem, it is con- 
stitutional, It IS a state of bod} and a state of mind as veil E\eiv one 
hnov s the enormous role that emotional disturbances pla\ in the 
recrudescence and possibly e\en in the origin of ulcer It is knovn 
that centers of parasympathetic control lie in the h\pothalamus, that 
stimulation of this area in animals causes increase ot h^ drochlonc acid 
secretion and of gastric motility, that cardiospasm and megacsophagus 
'insc cxperimentalh if all branches of the \*agus ner\c to the stomach 
JUid the duodenum are cut but not it the p\loric branch to the Mgus is 
spared and that vith certain intracranial lesions notabU pituitar\ and 
h\polhalamic peptic ulceration ma^ occur Does this succo^t that in 
Certain cases \agotom\ or \agcctom\ should supplant the more err^^s** 
c^peration on the stomach and duodenum in the treatment ot ulcer 
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CHRONIC APPENDICITIS 

Does such a condition exist ^ Some surgeons believe not, but I am 
sure they are wrong Why should the appendix be denied the prmlege 
of chronic disease^ Every other organ enjoys it But the diagnosis as 
usually made is undeniably wrong In most cases it is but a part of a 
low grade inflammatory process involving the terminal part of the ileum, 
the cecum and the ascending colon, usually associated with visceroptosis, 
chronic constipation and an atonic, thin-walled cecum Appendectom} 
is harmful and simply intensifies the patient’s symptoms 

But I am equally sure that there is a verj’’ small group of cases of 
true chronic inflammation, often with no history of an acute attad, 
sometimes with a vague memory of an abdominal attack (usu } 
undiagnosed) many years before Gaither and I reported 47 such cases, 
in which the symptoms were rarely in the right lower quadrant o t e 
abdomen, but usually were referred to the epigastric region and simu ate^ 
a hyperacid, hypersthenic dyspeptic syndrome, a periodic 
characteristic of peptic ulcer or (very occasionally) of colitis ^ ^ 

that these symptoms, previously refractory to treatment, entir y isa 
peared after the appendectomy and that marked gross and 
pathologic changes were observ^ed made us feel that the cases were 

examples of chronic appendicitis 

We were much helped in our diagnosis by senal fluoroscopic s 
especially those extending over several days There was J 
appendix of abnormal size or, more often, of abnorm 
extremely bizarre form, and one in which the barium su 
for a long time, in 1 case more than a week, after active purj, 
magnesium sulfate 

CANCER 

For cancer of the digestive tract nonsurgical roeutg^” 

and poorly — ^palliative In this field, at least, deep hig i vo ^ 
and radium therapy has been bitterly disappointing excep _ 
instances, usually of conditions of mesoblastic increase tl'f 

selenium and colloid lead are equally ineffective ^ f. up to il’' 
percentage of cures (and cures have been none too q ^ 
present) it is essential that one make a” jar y or a ^ 

Lrly diagnosis, and this .s extremely mad 

symptom m cases of cancer of the digestive , „ i 

elsewhere for clnes If one looks for Pf Tlid* 
marked loss of weight one will usually have n »dicf‘ 

one and onl) one means that I know of, that , ^ ' 

symptom” progressive or intermittent ^diarrhea 

:^crLing constipation, alternating constipah n 
of intestinal cohe appearing without cat. 
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s)Tnptomatic therap\, especially it associated \nth slight loss ot weight, 
some loss of appetite and, perhaps most important ot all, persistent 
traces of occult blood in the stool (for while hemorrhage is rare, constant 
slight bleeding is common) These snnptoms usually appear in 
middle or later life, but in }Ounger persoiib carcinoma is not unknown, 
e\en that slowly growing torm usual!} met with in older patients 
Cancer of the digestn e tract, as a rule, is ot slow e\ olution There must 
alwaNs be a long silent period, and what one behe\es to be the first or 
second act in the drama may be in reality the third or fourth 

In m} opinion, the remarkable feature of neoplasm of the digestive 
tract is the striking rarity of a previous histor} ot digestn e disturbance, 
and I cannot agree with those who think that gastric caranoma develops 
m most cases from ach\ he gastritis In a large senes that I studied, 
^ per cent of the patients ga\e a history suggesbng peptic ulcer, and 
less than 15 per cent had had gastnc dysj>epsia, more than 80 per cent 
I^sd had absolutely no pre\ lous histor}'' of gastric indigestion , the con- 
dition comes “out of the blue/^ ^‘^zLrie cut Dteb bcivi Nacht ^ If suspicions 
^re aroused, it is obvious that all the essential tests should be made 


gastroscopic, esophagoscopic, sigmoidoscopic and thorough fluoroscopic 
snd roentgen studies, together with examination of the blood and unne, 
of the stool and of the gastnc and duodenal contents In no instance 
of suspected pathologic change should one fail to palpate the abdomen 
a hot bath or to make a digital rectal examination From some of 
I'hcse studies one may get definite confirmation of one s tentative 
^^agnosis, in other cases no information of vital importance wall be 
obtained, but even in the latter group, if the s}anptoms persist, if there 
occult blood m the stool and if there is loss of w^eight, I feel that an 
^ploratory laparotomy is absolutely justifiable It is frequentl} waser 
to operate on the basis of a well grounded suspiaon than to w^ait until 
^ definite diagnosis can be estabhshed On the other hand, a large 
^o\\i;h J 5 necessarily inoperable I have seen many large gastric 
o^oplasms with no evidence of metastases to the Ii\er or the regiona 
glands and small growths with extensive metastases Each (^se 
^^st be a law unto itself Even when complete removal is impossibe, 
^olief may frequently be obtained, not alw^ays by short arcuiting 
Sometimes by resection , 

Esophageal neoplasm, with its early obstructive sjmptoms its slow 
of gro^^lh and its tendency to late metastasis, should be a favorable 
field for the surgeon, but the technical difficulties have so far proved 
Insuperable I fed confident, however, that they will be o^ercome^ 
as a by-product of the amazing improvement m surgical treat- 
of the lungs and mediastinum 
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In the case of the stomach, early diagnosis is most difficult because 
of the predilection of cancer to originate ' m the silent area, tlie lesser 
cun^ature An increasing number of cures lasting five years or more 
are being reported, while in the large bowel, where early diagnosis n 
much more likely, the results are surprisingly good 

In the case of carcinoma of the pancreas, should one do notlimg or 
at most advise a cholecystogastrostomy or a duodenostomy to relieve the 


symptoms and possibly prolong life, or should one advise resection, 
realizing that, although the operation is dangerous, if it is successful 
long life IS possible with the proper diet, and with admmistration of 
insulin and possibly pancreatic extract^ I am sure that pancreatic 
malignant disease could be diagnosed much earlier if one became 
“pancreas-minded,” if one thought of such diseases as the possible cause 
of certain symptoms referable to the upper part of the abdomen, periodic 
attacks of persistent pain in the back for which no explanation can be 
found m the stomach, the duodenum, the gallbladder or the intestine 
Studies of the stool and quantitative estimation of pancreatic fermen s 
in the duodenal contents or in the stool can be of help in this conne 
The gallbladder is perhaps tlie most fertile field for honest con- 
troversy There is, of course, no question that operation is the on } 
treatment for empyema and the wisest for cholelithiasis with 
recurring attacks of severe pain But in other conditions there is 
difference of opinion Should one operate immediately ior 
cholecystitis? Many surgeons think so and claim that the nior 
no greater than with an interval operation, but this is at van 
certain German statistics showing the mortality to be three 
great I cannot help but feel that a waiting policy is wiser i V 
fs m a hoapital where he or she can be watched w.th scrupulous cs 
and where there are facilities for frequent leukocyte coun s 
Graham, a few years ago, said that he had not operate ‘ 
gallbladder” for several years I have had a few cases o ^ 
but the all-embracing arms of the omentum have ^ade of ^ 
localized process m no wise affecting the subsequen i 
In the only case of bile peritonitis that I have o^ser^-d forja^^^^^ 
the condition was due to the slipping of a ligature on ^ gal! 

a cholecystectomy In the case of demonstrable 
stones, I believe that the mortality risk of the iraH 

that of the possibility of their causing of choice, b” 

bladder Cholec} stectomy unquestionably H e P , 

Acre .s cer.u.nl> s.,1. a place for cM-r s.os.ou 

of cases .n nh.ch there .s er.dence » d„uncc ey 
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means of cunng these conditions, and a ^aluable crutch ma} ha\e been 
remo\ed with the cholec} stectom} 

There is possibh mild hepatitis in most cases of disease ot the gall- 
bladder, and there is much cMdence in fa^or ot tlie mcw that m most 
cases the Iner is the primarj seat of infection, but m most instances this 
xrondition is unquestionabl} relatnel} slight and can be improved or e\en 
cured b} the better bihar} drainage following choleci stectom} and the 
proper postoperatue care 

After cholec} stectom} , howe\er, there is ah\a}S the possibility of 
certain sequelae — adhesions or stone or stricture of the common duct — 
and in certain cases these may reproduce the original, or inaugurate a 
new, set of s}Tnptom 5 In a group of 84 pnvate patients for whom I 
felt that operation on the gallbladder w^as indicated and on 63 of w’'hom 
cholec} stectom} was performed, a careful subsequent sune}, in many 
cases by personal questioning and reexamination made b} my assoaate. 
Dr Howard, showed that 44 per cent of the patients w^ere completely 
cured, 16 per cent relatnel} cured, 18 per cent improved and 20 per 
cent not improved 

Fmall}, w^hat is to be done in that large group of cases in which 
there are a ague dyspeptic s}Tnptoms and in w hich the diagnosis is usually 
made by the radiologist rather than by the chniaan^ There is no 
question that chronic cholec} stitis is \ery prevalent Some surgeons say 
that more than 50 per cent of the abdomens opened by them in older 
persons show definite evidence ot cholec} Stic disease I am quite sure 
that in this type of case operation should be the last resort and should 
be resorted to onl} after the failure of a long course of nonsurgical 
therapy The objectives are relatively simple — to present reinfection 
3s far as possible, to minimize the chance of duodenitis, to promote free 
biliai*} flow and to correct constipation The teeth, tonsils and sinuses 
should be checked , careful habits of eating should be insisted on and 
a simple diet prescribed There are no better methods to promote biliar}*' 
drainage than the utilization of these normal physiologic stimuli, with 
frequent feedings, large amounts of the simple fats, butter, egg } oik and 
olive Oil (to be avoided onU if jaundice is present whether stones are 
present m the gallbladder or not), large amounts of soft greens and 
fruits and water in considerable amounts If additional help is needed 
to pre\ent constipation, there is nothing better than a ‘'morning saline 
In the vast majority of cases I am certain that these measures are 
far preferable to drainage through a duodenal tube and are equall} 
effective If all these measures fail, one ma} be obliged to call in the 
surgeon, but he should not be too optimistic as to the results of operation, 
for this IS the group m which failures are man\ and complete successes 
few 
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Perhaps certain other fields iii the digestu e tract should be menhoned 
m t\hich borderline problems nia} arise nonspecific ulceratne colitis, 
chronic amebiasis, lor ^^hlch cecal and appendical resection nia} 
occasionally be necessary to bring about a pennanent cure, terminal 
ileitis, for nhich sooner or later operation is usually indicated, and e\en 
Msceropto'^is for there are a fe^^, fortunately a \er\ tew, surgeons who 
still harbor the chimeric illusion that suspending a fallen stomach or 
fixing a mo^able cecum will bring back normal function 

The cause of nonspecific ulceratne colitis is not known There is 
no specific cure, and treatment is purel} symptomatic \'accmes and 
serums, nonspecific protein shock, \arious drugs gnen by mouth or bi 
rectum (sulfanilamide, iodine, azochlorannd, acrifiavine, gentian ^^olet, 
oxygen), while they occasionally cause apparent temporar}'- improvement, 
have not pro\ed curatne Treatment is purely simptomatic general 
hygiene, rest, a high caloric, relative!} low' residue diet, m some cases 
wuth the addition of certain vitamins, iron if the patient is anemic, drugs 
to control the diarrhea and occasional!} blood, salt, calcium or sugar gnen 


by vein or subcutaneously 

While m certain cases these conditions remain mild local problems 
with relatively long periods of remission, in practically all the cases 
severe involvement the question of surgical treatment usually anses 
What has it to offer ^ In the “severe fulminating cases,” often asso 
ciated with severe and frequent hemorrhage, one must have recour.. 
to it, although unfortunately only too often it is unsuccessful In c^c^ 
of moderate or even severe inimlvement I am sure one onl} too 
quently postpones operation too long One hopes that each patient u 
be the one susceptible to the drug or serum , one hopes that tlie 
cure is just around the comer And yet I am sure that it one 
earlier in certain of these cases and gave the intestine the conip ^ ^ 
which IS the only hope of real cure, certain of tlie 
closed after six, twelve, eighteen or twent} -four months wuth a res 
ad mtegruin of the intestine While apparently complete 
take place in cases of verj' extensive pathologic change m mo 
too much damage has already been done to the colon, and a 
ileostomy must be faced, wuth the intestine left m or a su 
colectomy performed Many prefer the latter I hai e oiin 
unnecessar}' in most of my cases, as the diseased mtes m^^ 
strangely quiescent after the fecal stream has been n e^ 
sigmoidostomy is, alas, rarely possible m cases of ulcera 
the rectum and the low er part of the sigmoid flexure are im 
vast majority of cases, (probably well over 95 per 

I h?- e tried to present briefly certain of the, to me ^ 
borderline problem^ m the digestive field, problems q 
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to sohc, \\iih results onh Iod oilcn unsucccsstul or not comp'cte^ 
satisiacton whether i?ur) 2 :ical or nonsurgical methods are employ el 
The surgeon, because of his brilliant succc''"^ with the 'acute abdomen ' 
IS somewhat too optimistic as to the results nt surgical attack on ihe 
'chronic abdomen ' The mtcniist oiteii jier-ists lar too long m med e< 1 
measures which are ob\ioiisl} not bringing about permanent inipr \e- 
ment, and trequenth this dcla\ makes surgical treatment when it i:: 
decided on, more diflicult and the results less saii5tactor\ 

The surgeon’s \iew point should be plnsiologic as well as morpholcgic 
He should think ot function as well as lomi The plnsician shoulo 
realize that tunctional disturbances oitcn ha\c an organic basi:? and that 
the attack on the lomier is otten unsucccssiul because Ol his neglect oi 
the latter It should lie obligator} for him to be present at the opera- 
tion, the knowledge, pleasant or unpleasant, that this "autops^ in n\o 
^'ill bring, IS alwa\s \aluablc and sometimes salutan But to get tlie 
results there should be close cooperation between the surgeon and 
the internist in diagnosis, m the preoperatue care, in the por>toperatne 
treatment and e\en m the operatne treatment of the patient 



DISEASES PECULIAR TO CIVILIZED MAN 
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With the increased pace to which civilized man must adapt himself, 
there are several diseases accompanying his highly energized manner 
of hving Frequently the physician is called on to treat diabetes, peptic 
ulcer, essential hypertension, exophthalmic goiter, diseases of the 
coronary arteries and nervous and mental diseases These conditions 
are exceedingly rare in primitive man and are uncommon in the lower 
ranks of avilized man The more highly civilized man becomes, the 
more prevalent they seem to be 

As man has become less concerned with fighting, huntmg and otlier 
predominantly physical activities and more concerned with mental 
activities, the characteristic mental and emotional mechanism has con- 
tmued to increase relatively in size and m dominance until there are 
now also increasing the diseases I have mentioned, which are in large 
part due to overactivity of the kinetic system Evidence indicates that 
the kinetic system may, by its excessive activity, interfere with the 
health and the function of certain other organs of the body The ^'brain- 
adrenal-thyroid-sympathetic system” in an increasing number of cases 
is becoming hyperactive, establishing a state of such excessive activity 
as may fittingly be termed hyperkineticism The background of these 
diseases is laid in the racial history of man, m man's phyiogeny L is 
only in this way that it has been possible to understand their causation, 
for other factors, such as infections, diet, climate and excessive physica 
work, have proved themselves inadequate of being the primary cause 
of these diseases 


ELIMINATION OF VARIOUS CAUSES 

Injections — The diseases peculiar to civilized man could not be due 
primarily to infections, for the same infections affect all races of 
as well as lower animals There is no evidence suggesting that a sp 
infection causes an)'- of these diseases m the sense in which typhoid ^ 
and diphtheria are caused by specific bacteria Infection plays on, 
secondary role 

Diet — It can be said that diet is not a pnmaiy factor but tha 
plays a secondary' role 

CUwate- — These diseases cannot be due to altitude, to 
temperature, as they appear wherever civilized man appears o" 
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It IS significant that the) are more prevalent in the north temperate 
zone, where man is noted for bemg more active 

Physical Overwork — If physical ovenvork were the prime factor m 
causing these diseases, then the consistently hard-working horse should 
ha\e peptic ulcer, hyperthyroidism or neuroarculator)^ asthenia 

A hereditar)’’ predisposition played on by adverse factors in the 
environment or existing in a normal person under excessive stram in 
one case may produce hyperthyroidism, in another may pathologically 
sensitize the adrenal-sympathetic system and in still another may "*step 
up” the brain to the breaking point or so faalitate the digestive mecha- 
nism in its activations and its mhibitions as to cause spastic colitis, 
hyperacidity, peptic ulcer or indigeston These diseases seem to be 
largely due to hyperactivity of the group of organs that initiate and 
contmue the transformation of energy They belong to the diseases 
of pathologic physiology, bred m man’s phylogeny, in which there is a 
sustained, abnormally high activity of tlie entire kinetic system Thus, 
these mental and emotional states leading up to hyperthyroidism, 
neuroarculator)^ asthenia or peptic ulcer may be regarded as the con- 
sequence of pathologic activation of the ^'bram-thyroid-adrenal-sym- 
pathetic system ” 

NEUROCIRCULATORY ASTHENIA 

During the World War a certam number of men in service at the 
front became incapaatated on account of a disorder which was called 
soldier’s heart ” These patients exhibited a rapid heart beat, nen^ous- 
ness and fatigue In the stress of civilian life there are observed many 
cases of tins same disease, which is usually given the name ''neuro- 
circulatory asthenia ” This disease resembles, and is often mistaken for, 
mild h3^erthyroidism, especialty in those cases in which there are a 
goiter and a moderate increase in the basal metabolic rate It is a 
pathologic state of excessive stimulation of the adrenal-sympathetic 
nerA^ous system due to changes in facilitation within that s)^stem itself 
or to constant thalamic stimulation, and, since other kinds of treatment 
have failed uniformly, my associates and I followed the results secured 
h) the surgical treatment of hyperthyroidism and sought in selected 
cases of neurocirculator)" asthenia to reduce b)" surgical measures the 
activity of the adrenal-S3"mpathetic system 

This condition is most frequently found in persons in a state of 
'^\orry about finances or environmental conditions grafted on a back- 
ground of bnlliant achie\ements m school and college 

Since I considered tliat the adrenal glands constitute the power 
station, or the brain, of the s}mpathetic S 3 "stem and that m the presence 
of neuroarculator}" asthenia this power station is too actne I tested 
this conception in certain cases by severing the nerves emerging from 
the adrenal glands 
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My first task was to differentiate neurocirculatory asthenia from 
a group of diseases which have many symptoms in common \vith it I 
excluded the diseases analogous to it, the mechanism of which involves 
changes m the patient’s fundamental personality, such as psychoneuroses, 
psychoses and constitutional inferiority , m short, I excluded all cases 
of patent psychic disease and limited my attack to those cases in which 
a pathologically excessive activity of the adrenal-sympathetic system 
was manifested and a classic picture of abnormal stimulation of the 
sympathetic nervous system was produced 

The theoretic and practical indication for dener^mtion is found in 
the person whose mental and psychic mechanism acts ivithin a normal 
range but whose system is under an otherwise uncontrollable stimula- 
tion analogous to that which produces hyperthyroidism or that which 
produces Raynaud’s disease 


Neurocirculatory asthenia is more frequently found among women 
than among men and is essentially a disease of early adult hfe The 
more nearly the symptoms resemble those of hyperthyroidism, the 
better the operative results As with hyperthyroidism, the physical typ^ 
of the patient with this condition is the slender, nonathletic type, a fact 
which indicates that while the kinetic system is rising the rest of the 
organism is dechning, thus following the pattern of orthogenesis As 
has been stated, patients with neurocirculatory asthema are generall} 
intellectually and emotionally outstanding, just as civilized man is 
intellectually and emotionally outstanding in companson with primitive 


man 


PEPTIC ULCER 


The seven biologic excitants of the adrenal-sympathetic 
pain, emotion, infection, hemorrhage, asphyxia, thyroid hormone 
epinephrine Pam certainly aggravates a peptic ulcer Emotion 
physical exertion are closely related , both aggraimte peptic u cer, 
do equally the toxins of infection The thyroid hormone my 
and I also believe to be clearly related to peptic ulcer, as we have iw^^^ 
cases of peptic ulcer assoaated with hyperthyroidism In these 
thyroidectomy has been followed by cure not only of the hypert ) rot 
but of the ulcer 

Accordingly, when there is obstruction at the pylorus it 
assumed that a healed, or at least an inactive, ulcer exists 
case almost ideal results are secured by a simple gastroen e 
Wlien there is an active nonobstructive ulcer m an active, )OU ^ 
strung, worrying person, gastroenterostomy is not indica e 
of the tendency to formation of recurrent ulcers Recurren ^ 

more resistant to treatment than is the pnmar}' ulcer tj.striif’- 

a recurrent, intractable ulcer m a joung person with a g 
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worrying temperament, we seek to change the pathologic physiology 
by denervation of the adrenal glands, otherwise, gastnc resection is 
the operation of choice 

DIABETES 

Cannon has shown that glycosuna accompanies emotion If the 
pathologically high stimulation of the pancreas by the highly charged 
sympathetic system in cases of hyperthyroidism contributes to or causes 
diabetes, the disturbed carbohydrate metabolism should be abated or 
cured by thyroidectomy Dr Henry j John found cure or abatement 
of the diabetes after thyroidectomy in 55 per cent of cases in which 
diabetes was assoaated with h}^erthyroidism 

ESSENTIAL HYPERTENSION AND HYPERTHYROIDISM 

Essential hypertension and hyperthyroidism can perhaps best be 
taken up as a comparative study Through my observation and study 
of the histones of patients with these conditions, I have noticed that 
with each there is a distinct difference in personality and that apparently 
there is an inhented type of physical characteristics predominant in 
the hypertensive patients and distinctly different from that obser^^ed 
m the patients with hyperthyroidism The hypertensive patients are, 
in the first place, of a heavier build, usually averaging 20 to 30 pounds 
(9 to 13 5 Kg ) more than patients of the same height with hyper- 
thyroidism They have larger hearts, larger celiac ganglions, a larger 
trunk and an especially large chest They are endowed with tireless 
energ}^, and, although both groups of patients have a capacity for large 
amounts of work, patients predisposed to hypertension ha\e a greater 
capacity for sustained output of energy^ The h 3 ^pertensive person at 
scliool tends to be interested in physical vork, and he is a leader in 
organizing teams and clubs He is usually the student who makes 
a name for himself in such athletic pursuits as football, boxing and 
baseball, whereas the person with a h}^peractive thyroid is more inter- 
ested in such acbvities as debate, creatn e writing and the more esthetic 
subjects and displays a definitely higher scholastic abilit} With this 
ability there is associated a more unstable, excitable type of personality, 
"hich IS often in conflict with the driving ambition generated b} the 
high degree of intelligence The h}pertensne person throughout life 
IS able to do Aast amounts of work, but unlike the person vnth h\per- 
actiMt} of the th}roid, he is stable and constant, ^\hlch aids his high 
intelligence in fitting him for a prominent position in business 

When one sees these two different groups of patients in the clinic, 
the mental and emotional variations arc apparent The hvpertensivc 
patient, who calmly discourses on his s}Tnptoms, is rarch 'ilanned in the 
least when it is suggested that he should have an operation, often 
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showing Jess concern than the surgeon On the other hand, the patient 
witli liyperthyroidism is so excitable and unstable that the whole hospital 
must be organized to keep from him the details as to when his operation 
IS scheduled, in order to prevent the development of a th}'Toid crisis 

Essential Hypci tension — Barker and Graham ^ claimed that approxi- 
mate!)^ 15 per cent of all adults have hypertension and that 23 per cent 
of patients who are more than 53 years of age die of hj'pertension 
Ascroft,^ from a surv'ey m England, says that, after the age of 50, 1 
death in 4 is due to arterial hypertension, and he claims further that 
“whatever the initial cause of raised blood pressure, in ‘essential arterial 
hypertension’ the hypertension itself is the dangerous factor and the 
commonest cause of death ” 

The racial distribution of hypertension indicates tliat the highest 
known incidence of high blood pressure is among those Avho struggle 
with the complexity of avihzation Thus, in the aboriginal native whose 
ceremonies protect him against social struggle, the incidence of hjper- 
tension appears to be low On the other hand, in the urban American 
Negro, who has been removed for several generations from his pro- 
tective aboriginal society, the incidence is lugher This seems to he 
true also of the recently westernized Japanese, who now appear to ha^e 
a high incidence of hypertension as compared wnth a presumably simi 
stock, the calm Chinese, wdio have not yet been influenced by tie 
pressure of Western civilization 

It is important to deterrnme what levels of blood pressure 
be considered hypertensive before any other steps are taken 
generally considered tliat in middle-aged or young persons a sys 
blood pressure of 140 to 150 mm of mercury and a diastolic oo 
pressure of 90 to 95 mm is either borderline or indicative o ea 
hypertension In older patients a systohc pressure of 150 mm is usi 
accepted as the minimal hypertensive level 

It has been observed tliat the sympathetic system has an impo ^ 
function m the production and maintenance of high 


manometer, while, on the other hand, if the field is first 
procaine hydrochloride there is no nse but rather a drama i ^ 

1 Barllr, N W, and Graham, R W Treatment of Hjpcrtcnsion 

Cfin North America 22 1021 (July) 1939 , ' 

2 Ascroft, P B Surgical Treatment of Arterial Hypertension 

113 (July 15) 1939 


have already reported that in tne course oi aenci vdnui. v.* 
glands and division of the splanchnic nerves if the sympathetic n 
are manipulated there is a nse in the blood pressure, both systo^‘ ^ 
diastolic, sometimes to such a height that it cannot be 
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the blood pressure The adrenal-sympathetic complex is the only tissue 
m the body the manipulation ot ^\hlch can thus specifically affect the 
blood pressure 

On the basis of these observations my assoaates and I resected the 
celiac ganglions and broke up the sympatlietic complex It was hoped 
that the operative procedure based on these findings might enable us 
to reduce the high blood pressure of a patient v ith essential hypertension 
to normal on the operating table, and it was felt that, since postgangliomc 
fibers cannot regenerate, there should follow a reduction in the blood 
pressure 

We have treated hypertension by 535 operations on 314 patients, of 
which 434 were celiac ganglionectomies on 260 patients Sixty-one 
patients ^\ere operated on three or more years ago The average blood 
pressure of the patients living at the time of this report (55 per cent) 
was 213 systolic and 130 diastolic on admission to the hospital, at 
present the average blood pressure is 187 systolic and 116 diastolic 
Symptomatic relief has been experienced in 88 per cent of our total 
senes , precordial pain has been relieved in 83 per cent, and 82 per cent 
of the patients ha\e gone back to work 

Among the patients who left the hospital three or more years ago, 
33 3 per cent have died after vai^ung penods It is generally accepted 
that approximately 60 per cent of patients with essential hypertension, 
if not operated on, die from cardiac failure Of our senes of patients on 
V horn celiac ganghonectomies were performed, only 118 per cent died 
from cardiac failure Also, m our whole group of patients there has not 
been a single ''cardiac death*' m the hospital followmg the operation 

Hyperthyroidtsin — Denervation of the adrenal glands can convert a 
hyperplastic thyroid into a colloid goiter, thus abating the s)Tnptoms, 
reducing the patient to a normal state and sustaining this normal state 
Since denervation can accomplish this, hyperthyroidism is not due to 
3- d}sfunction of the thyroid or to a change m the iodine molecule, nor 
docs it originate in the thyroid itself It is imposed on the thyroid 
from influences outside the gland and is not due to diet or to changes 
in the blood 

The curati\e effect on h>perthyroidism produced b} adrenal dener- 
\'ation clearl} demonstrates that the hyperth}roidism is definitel} related 
to the brain“adrenal-s>mpathetic sy stem and does not stand alone as 
3n isolated phenomenon It is an excessue functional or pathologic 
stimulation of the entire mechanism of cnilized life The background 
of ciMhzation and the background of h\ perth} roidism arc identical, 
"hcrcas among the wild and the domestic animals, among the pnmitne 
races of man and among the drifters, the morons, there ib gcneralU 
neither Iwpertlnroidism nor ciMlization 
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Through results obtained from our researcli Jalinrntnr.r 
ciates and I concluded th^t iaborator}^ my asso- 

of hyperthyroidism Tf f ii epmephrine can cause tlie cnsis 

betweefS I folJoujd that if ^ye could sever the connection 

wide stimulation he ^ organism, not only would tins body- 

of the brain would 

be fTvorlblTr^ clenen^ation in a case of lij^perthyroidism may 

ectow thyroidectoni) After thyroid- 

while ^after L f extremely nerA^ous and difficult to quiet, 

aA'oided the extent that preoperative excitation is 

renuired sedaUves are 

thvrnjde t ^y^oi ectomy tlian after adrenal denen^ation After 

Lve^? hf”"^ ^ increased and remains so for 

p ^ adrenal dener\'ation the pulse rate gradually drops 

^xcessn^e peryiration is noted after thyroidectomy, and little or none 
occurs after adrenal denervation 


cii benefiaal results are thus obwous, tlie remote results 

,i , ^ obAuous, since the power of the adrenals to excite the 

) 01 to increased activity'' is permanently' lessened In our series of 
ri ^ lyi’oidism associated with hyperplasia of the thyroid m 
u lie 1 a ren denervation has been perfonned, v e have seen the entire 
pic ure 0 ly'perthy roidism disappear promptly', tlie basal metabolic rate 

urn to normal and the hy'perplasia undergo transfonnation to the 
safe colloid state 


CONCLUSIONS 

The diseases peculiar to avilized man uould seem to be due to 
excessive use of those organs that through their dei'clopment ha\c dis- 
tinguished aA ihzed man from primitive man and, m turn, have distm- 
^uis le primitiA'e man from the domestic and A\'ild animals The real 
a vground of these diseases is the background of tlie poAver and pc*"' 
sonality' of man the brain, adrenal, thyroid, sy'inpathetic nen'Oiis sys- 
tem complex, Avhich has evoh'ed to its highest deA'elopment in cnihzcd 
man The principle is analogous to the mechanical eftect of putting loto 
an ordinary' motor car an engine tAMce as poAA'erful as the car 
designed to handle If the car were not used there Aiould be no dih' 
culties, but if m addition to haA'ing high-poAA'ered equipment it 
driA'en excessiA'ely', as ciA'ihzed man is, then complications could h 
expected CiA'ilized man has the most highly energized formula ot ^ 
the animals in the A\orld, and his life in the north temperate zone i 
such that he is dnAen at a speed as though life Avere a race Con 
sequently, pathologic physiologic change dcA clops A\hich may prodn^ 
diseases of the coronary' arteries diabetes peptic ulcer, h\ pertliA roi'I' i 
or essential hypertension 
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Naturally, the Afncan native with his low energy equipment could 
not qualify either for awhzation or for these diseases of cnilized man 
An important part of treatment is clearly prevention One may hope 
that some day avihzed man will understand the limitations of his 
equipment, so that by training and education he may adapt the commg 
generations to the risk of these diseases When this has developed, 
there will also evolve better modes of treatment The present surgical 
treatment of mterference ^\ath the s}Tnpathetic nervous system's influ- 
ence on the thyroid gland in conditions of neuroarculator}'' asthenia, 
hypertension, hyperth}Toidism etc , although as yet with an undeter- 
mined effect in some cases is leadine the way m this evolution 



REMOVAL OF LONGITUDINAL SINUS INVOLVED 

IN TUMORS 


WALTER £ DANDY, MD 

B \LTIMORE 


There is occasionally presented to the neurosurgeon the problem 
of dealing with dural meningiomas that ha\e invaded the longitudinal 
sinus and especiall} w ith bilateral dural tumors m whicli the longitudinal 
sinus IS incorporated m the mass Unless the affected part of the 
longitudinal sinus is resected there is no possibilit}’’ of curing the tumor, 
and, in most instances, so extensivel}' has the tumor groini to the faL 
and sinus that even renioial of the mass with the full expectation of 
recurrence is well nigh impossible Vdien the great size of the 
longitudinal sinus and the numerous large tributar)' cortical veins 
entering it from both sides are considered, it is not difficult to realize 
that surgeons have hesitated to resect the longitudinal sinus both from 
fear of producing irreparable harm to such a seemingly all-miportant 
venous trunk and from the technical difficulties imolved There has 
been scant evidence indeed to support the thought that resection of this 
sinus might be tolerated, particularly in its posterior portion 
patients witli thrombosis of the longitudinal sinus have come to necrops) 
But in the case of such a patient there is frequent^ an acute inflanmiaton 
basis, and many of the contiguous cerebral veins are also include^^ 
the process Moreover, m many an acute septicemia coexists 
doubtful whether experimental evidence would be pertinent, 
perhaps in monkeys In dogs there is only one cluster of cerebra 
on either side that enters the sinus, whereas in man there are 
It is of course, clear that in dealing with bilateral tumors « 
frequently even with unilateral dural tumors the 
frequently occluded by the tumor either by compression or } 
invasion, so that removal of a section of the longitudinal sinus 
adds little or nothing to the demand for collateral venous 
In these cases the venous obstruction has doubtless been ^ 
progressive, and because of this there has been time for the 
circulation to develop This condition was true m both of 
which the longitudinal sinus was resected postenor to the {!<• 

and doubtless it was also true in nearly all of the cases repo 
literature Whether a patent sinus could be similarl) resec e ‘ 
be conjectured, there is no evidence from the literature to su 
deny such a claim 
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Gradually a small number of cases of resection of the longitudinal 
sinus in the co\irse of tumor extirpations ha^e been assembled from the 
literature Ken^o^ (1915) reported the first case in which the 
longitudinal sinus was doubh ligated in the frontal region, the hgatures 
being 2^ inches (6 3 cm ) apart Rand (1923) M^as apparently the 
first deliberately to resect about 10 cm of the sinus with a large bilateral 
dural meningioma with massn e h} perostosis o\ er it The resected sinus 
was well in front of the rolandic Aem The patient made a splendid 
reco\ery with no loss of motor function, and a note from Dr Rand on 
March 19, 1940, stated that the patient is well eighteen years later, an 
occasional epileptic attack being the only residual disturbance In 1926 
Towne removed a similar tumor weighing 428 Gm and a section of 
the longitudinal sinus (length not stated), but his patient died two 
months later The longitudinal sinus was filled with tumor 

David, Bisser} and Brun (1935j reported a case in w^hich operation 
was done by Vincent of Pans, France A bilateral tumor — 12 Gm on 
the left and 18 Gm on the right — was removed with 5 or 6 cm of 
longitudinal sinus just in front of the rolandic vem The result was 
excellent, W’^ith no motor loss No note was made of the patenc}'^ or 
occlusion of the longitudinal sinus Horrax has successful!} remo\ed 
sections of the longitudinal sinus in 2 cases, 1 (1931) included in 
Cushing^s book on meningiomas (6 cm of sinus in front of the rolandic 
vein was resected) and another, reported b^ Maltby (1939), in w^hich 
4 cm of the sinus posterior to the rolandic vein w^as exased The 
patients in both cases made excellent recovenes, with slight but gradually 
diminishing spasticity of the extremity In Horrax* second case 
resection was done in a single operation, doubtless because his earlier 
experience had gi\en him a greater sense of security concerning removal 
of a section of longitudinal sinus In all the preceding cases the sinus 
had been resected after recurrence or in stages for tumors of excessive 
Size and \ascularity In Horrax’ second case (Maltby) a prolongation 
of the tumor was draw n out of and doubtless occluded the longitudinal 
sinus Rowe (1939) reported another splendid result, with a large 
bilateral dural tumor with hyperostosis, together with w^hich 6 cm of 
the longitudinal sinus was resected A letter from Dr Rowe stated that 
he has since been unable to locate the patient and that the patenc} or 
occlusion of the sinus was not imestigated 

Two remarkable cases (DaAndoff [193/] and Tonnis [1935]) com- 
plete the senes of cases of resection of the longitudinal sinus that I ha\e 
been able to assemble from the literature — a total therefore, of 9 (in 
Kcn\on's case ligation, not resection was done) The operation in all 
except Towne’s case was successful, wnthout an\ disturbances 
'tltnbutable to resection of the sinus, and Towne’s patient Ined o\er 
two months Most of these patients had some degree of temporaiw 
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spasticity of the lower extremities after operation, but this was dearli 
due to trauma of the motor cortex incident to extirpation of the gro\rth 
and not to any eftects of removal of the longitudinal sinus 

Davidoft’s case and also that of Tonnis give CAidence of the ver) 
highest surgical skill, as indeed do all the others, for such operations 
are no mean feats Davidoff’s tumor, removed in three stages, weighed 
835 Gm and was perhaps the largest cranial tumor to have been suc- 
cessfully removed The hyperostosis and contained tumor weighed 270 
Gm , and the intracranial portion, 565 Gm * The length of sinus 
removed is not stated A letter from Dr Davidoff (Jan 22 , 1940) 
states that, although the patient has some slight spasticit)'' on the nght 
and a slightly hesitant speech, she is quite well and does her omti 
housework 

Tonms removed not only a section of the longitudinal sinus (length 
not stated) but part of one transverse sinus and the tentorium, through 
which the tumor had penetrated into the posterior cranial fossa. And 
his patient recovered with no defects except liomonjmious hemianopia 

To the aforementioned group of cases 4 of my own are added In 
2, resection was done in the antenormost part of the sinus, and m i 
posterior to the rolandic vein In 2 of the cases the sinus was e,\cised 
when the tumor had recurred, and in 2 the sinus was removed at the 
first operation, when the tumor was knoAvn to be bilateral 


REPORT OF CASES 

Case 1 — C W L , a white man aged 49, was admitted to the hospital 
of headache and a “change of disposition ” A cerebral iniection of air ^'a5 
formed May 7, 1927 This showed a tumor m the left frontal lobe. An 
ivas made May 8 , and a small dural tumor, weighing 27 Gm , was remoi 
the anterior portion of the falx The tumor was thought to be a dural 
The patient made a complete recovery, and his headache and menta sjm 
entirely disappeared 

Four months later he reentered the hospital because his original 5 Gm 

returned The wound was reopened, and a recurrent tumor weig ^ p^r 

was shelled out with the finger It was realized that this could no 
manent cure, and two and one-half weeks later (September 20) t e v.^ ^jjj^ncc 
reopened and the bone removed over the longitudinal sinus and to som 
on the right side. There were no veins entering the longitudinal ^inu 

side. Clamps were placed across the longitudinal sinus anterior j, a 
was divided The incision \ras carried through the „ 5 \\as t! 

inferior longitudinal sinus was clipped and dmded The and f" 

divided and transfixed e\en with the posterior margin of the bon> ti' 

entire inten^ening part of the longitudinal sinus and the ‘A 

remaining ends of the longitudinal sinus were then ^ransfi^^ front t 

The amount of longitudinal sinus remoied uas 8 cm , mis ^ ' 

the rolandic area, the posterior ligature in the sinus being 
to the rolandic vein (fig 1 ) 



DANDY—DURAL MENINGIOMAS OF LONGITUDINAL SINUS 247 

The patient had no after-effects from hgation of the sums He reco\ered com- 
plete!} but returned again seven months later because of recurrence, which was 
evident from the protrusion at the site of the removal of bone There was such 
an extenswe return of the tumor that no attempt was made to remote it The 
pabent died three months later, June 27, 1928 

Autopsy showed massive recurrence of the tumor No note was made con- 
cerning thrombosis of the remaining part of the longitudinal sinus It was noted 
that 3 cm of the longitudinal sinus remained antenor to the ligature m the 
'ongitudinal smus 
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Fig 1 (case 1) —Sketch to show the position of the tumor and the relatne 
amount of longitudinal sinus removed antenor to the fissure of Rolando 

Case 2 — F R, a white woman aged 40, had observed a swelling of the fore- 
head for the past twenty -three >ears, it had been steadil} progressing (fig 2) 
There had been headache and pain o\er both frontal regions for the past two \cars 
and exophthalmos of the right e>e o\cr the same period, this, too, had been 
stcadih progressing Roentgenograms showed tremendous hyperostosis of the 
frontal bones (fig 3) 

Of>cratw)i — On Nov 21, 1936, a large sweeping curved incision w'as made 
across the frontal region, just under tlie hair line, it was directed postenorh and 
^tended from one temporal region to the other \ flap of galea and skin was 
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thrown forward to the supraorbital ridges The tumor had eroded through 
the bone on the right side over a considerable area, but the surface was intact 
The bone was so tliick that several burr openings were made, and the intervening 



Fig 2 (case 2) — Preoperative and postoperative photographs of the patient 
The tumor was a bilateral dural endothelioma wth tremendous hyperostosis The 
tumor had broken through the roof of the orbit on the nght side In the post- 
operative photograph the patient has concealed the marked frontal depression 
her hair 



I** " , , - ' I ' ■ --- - -- j 

Fig 3 (case 2) — Roentgenogram sho\Mng tremendous h}perostos 
bilateral dural tumor 




bad ^ 

bone ^^as cut wth large biting forceps When the bone jt 

broken across at the supraorbital region the tumor came ou , 

Irge bilateral dural growth (fig 4) The .nus tore 
margin of the bone, but it bled ^er^ litttle The mass m the orbit 
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off from the mam growth and was shelled out separate!} Several \ems crossing 
from the anterior lobe to the longitudinal sinus were coagulated with the electro- 
cautery The tumor mass with the o\erl 3 ing bone weighed 296 Gm 

The patient made an uneventful recover} and has been well to date (March 10, 
1940) She is constantl} emplo}ed at full time (fig 2) 

The length of sinus remo\ed was about 8 cm 



4 (case 2) — Operati\e sketch showing the tumor removed and the amount 
of longitudinal sinus resected 


Case 3* — J W , a man 22 \ears ot age consulted me Ma\ 21 1939, because 
of a prominent swelling over the vcrte'c of the ^kuW He had had headaches for 
three or four \ears, and for the past five months tho^^c had become more pcr‘;i«:tent 
and more severe, occurnng almost dailv and lasting irom a few minutes to a few 
hours, thev were bilateral and bipanetal The lump on the head vvas ^teadilv 
increasing but w^as not tender (fig 5) His work in college lad gradualh 
<leclined and dunng Uic pa<t vear he had bareh made packing grade C^nee-n 
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tration was difficult, Ins mcmoo was poor, and there had been some difficult! in 
getting out words and phrases, although he knew them uell On some occasions 
there had been transitory attacks of blurred vision On a few occasions he had 
had cramps in the right leg but not a con\uls]on 

Neurologic examination showed slight but definite papilledema, with fulness 
tortuosity' of the retinal veins The grip of the right hand was slightly 
weaker than that of the left Dunng the examination he had a cramp which drew 
up t e right leg severely', and it was very painful There ivas slight hypoesthesia 
in the right arm and leg, the station and gait were not affected The patient’s 
Spec was halting , reading was stumbling but correctly done, but it seemed 
1 cult to get the context of what he was reading The Wassermann reaction 
o the blood was negative Roentgen examination showed marked hyperostosis at 



Fig 5 (case 3) — Photograph of the patient, showing marked hyperostosis 
the parietal region 


the vertex, about equal on both sides of the midlme (fig 6) The 
about 1 inch (2 5 cm ) above the normal level of the scalp , it was diffuse an 
Operation — On May 23 a long midline inasion was made o!er the 
extending well beyond it anteriorly and postenorly The galea and 
then retracted, this exposed the hyperostosis, which was not 
Se!eral burr openings were made in a circle just beyond the s' ’ 

the bone w'as nearly’ normal With the Gigli saw these openings were 
the mass of bone w’as lifted off the dura and longitudinal sinus As the ^ , 
being ele\’ated, the tumor could be seen projecting into a deep 
mfenor surface of the bone, it was firmly attached to it By gradua } 
the bone flap and inserting the finger beneath it the tumor was 
concawty in the bone (fig 7) There w’as !ery little bleeding 
dura and tumor, application of the electrocautery controlled this -j-. 

m the bone was about 2 inches (5 cm ) long and inches (3 cm 
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Fie 6 (case 3) —Lateral and anteropostenor roentgenograms of the skull The 
marked h\-perostosis is shoum, and the relatnc size and position of the tumor arc 
indicated b\ the dotted lines The in'et in the anteropostenor ^^c^^ slious t c 
'cction of bone remored wth a large piece of the tumor in the c-xcaration on the 
mfenor surface The inset in the lateral neu is a photograph of the tumor am 
'hows the longitudinal smu', which had been completch obhtera ed b\ the tumor 
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tumor was entirely on the left side of the longitudinal sinus, which was pushed 
an a curve to the right The wound was closed without drainage 
The weight of the bone was 159 1 Gm 

The second stage operation was performed on June 3, ten days after the first 
operation The wound was reopened , there was some necrosis on the surface of 





Fig 7 (case 3) — Operative sketch showing the bone remo\ed, 


of tlie h}perostosed bone, the position and character of the tumor 


3r’ 


OI UlC tilC yusiliuil ctliu out'-* V* - — Uini^?r 

on the longitudinal sinus The operative \ieu of the removal of tic 
the longitudinal sinus is shown m the larger sketch on the left 

the exposed tumor The dura was first opened in a semicircle on ... 

the termini being at the border of the longitudinal sinus d, zr>' 

pushing the cerebral hemisphere to the nght It nas a large, lari 
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dearly a dural meningioma It extended deepl> along the falx The dura was 
then opened on the left side in a similar fashion, and the incision extended to the 
longitudinal sinus The longitudinal sinus was then doubly damped at both ends 
and just at the margins of the large defect in the skull The sinus was then cut 
between the damps, and the ends were transfixed with sutures of medium silk 
(fig 7) Several veins entering the longitudinal sinus from the hemispheres 



Fie 8 (case 3) — Postoperatne roentgenograms showing the amount of bone 
remoted and the position of the siher clips placed on the mienor longitudinal 
Sinus near its entrance into the great ^CIn ot Galen 

"cre thrombosed with the clectrocautcn and dmded Tiic'e \eins included the 
rolandic \eins on both sides About eight \cins were thrombosed on the two 
sides, all of them were ^erJ tortuous The laK was then dmded through its 
entire length, including the inferior longitudinal <inus at both end The clip' 
shown in the roentgenograms were on the po'tcnor part oi the lonptud-nal 'inus 
(fipT S) After the falx had been cut through at both end' the tumo' wa' genth 
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shelled a\va\ from both hemispheres , it protruded far out on both sides^ Wider 
mining the hemispheres, but much more on the left On the right side it 
necessar} to cut away a small slice of tlic at ta died leg center to the depth of 
about 2 cm and about 1 cm m thickness This was necessary' because the tumor 
was adherent to the brain at this point Tlic tumor was bulging far out on both 
sides m the depths of the brain, but it was easily separated from it, with ven 
slight trauma, the bulge was greater to the left Little bleeding attended 
extirpation of this mass A piece of fascia lata was removed from the nght leg 
and carefully sutured to the dural margins, completel}'^ coienng the entire dural 
defect The w^ound w^as closed without drainage 



T+ rTc a 

Fig 9 (case 4) — Operative sketch of remo^’al of the tumor U w 
dural endothelioma over which there was slight hyperostosis ^ ^ 
relative length of the resected longitudinal sinus and the relate e size % 

are indicated The longitudinal sinus had been obliterated by t le 
distance of 3 cm at the center of the tumor 


and 

The tumor weighed 170 3 Gm The total weight of the bon} 
bilateral tumor was 329 4 Gm leps 

The patient was consaous soon after the operation and |e^ 

arms freeb Later in the afternoon he was unable to moic jn 

first movement in the left leg began six days later, and s tg i ^ ^ 

right leg began on the followng da} There was also ^ l/r:' ' 

the legs during this period, but on the daj before the mo 
return he noticed increased feeling m both legs 
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Microscopic section of the bone showed t 3 pical dural meningioma cells, and 
sections of the tumor sho\\ed topical dural meningioma ^Mth whorls of fibrous 
tissue. The longitudinal sinus ^\^s totally occluded over about three-fourths of 
the remo\ed portion The length of the longitudinal sinus was determined at the 
time of operation and \vzs 12 5 cm 

Subsequent Course — The patient’s motor function steadily improved He left 
the hospital June 18, thirteen dajs after the last operation At that time the power 
was not sufficient to support him, but dunng the summer months he improved 
rapidly, and wffien I last saw him (Jan. 20, 1940) he was walking with \eo 
slight disturbance of gait, the two legs were equall> good He had just returned 
to college for the second semester, he was keen and alert and said he felt that 
he had complete!} returned to his normal mental state The wound was soft and 
sunken, and there was no e\idence of recurrence 

Case 4 — L P , a white man aged 56, was operated on Maj 6, 1933 A dural 
endothelioma was removed from the falx on the left side, in the postrolandic area 
The symptoms of the tumor were convulsions beginmng in the right leg and 
weakness of the right leg The tumor removed at this time weighed 63 Gm. 

Four and one-half years later (Jan 7, 1938) a recurrent tumor was removed 
from the same side, it weighed 12 Gra. The patient had slight motor disturbance 
m the nght leg following this operation, but he walked well 

On Jan 17, 1940, he returned because of a similar weakness in the left leg It 
was clear that he had a similar tumor on the right side of the faK He w’as 
again operated on (January 23), and a tumor weighing 35 Gm was removed from 
the right side, together with the intervening longitudinal sinus and falx (fig 9) 
There was no recurrence on the left side The length of resected longitudinal 
sinus was 6 5 cm and extended backward from a point about 2 cm posterior to 
the rolandic vein Five centimeters of this had been complete!} obliterated b} 
the tumor, which had grown directly through it. 

The patient had no increase in motor weakness following removal of the sinus 
and tumor On the da} after the operation his general condition was as good as 
before the operation There were no noticeable effects from extirpation of the 
longitudinal sinus, and none could be expected, because the sinus had been com- 
pletely obliterated b} the tumor He left the hospital two weeks later 
The postoperative course was uneventful 

SbMMAR}c 

In none of the 4 cases was there any motor, sensor} or other loss 
that could be attributed to removal of the longitudinal sinus 

The length of the longitudinal sinus removed was 5 cm and 8 cm 
respecbvely, in the 2 cases m which resection was anterior to the rolandic 
^cln and 6 5 cm and 10 cm, respective!}, in the 2 cases in which 
resection was posterior to the rolandic vein 

In 3 cases and probabh m the fourth the longitudinal sinus was 
alrcad} obliterated over much of the excised portion owing to compres 
Sion or actual invasion by the tumor Tlicre is as vet no available 
evidence bv which it can be known whether the longitudinal sinus can 
be removed in part before graduallv progressive occlusion has occurred 
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SOME ETIOLOGIC AND PATHOLOGIC FACTORS 
IN CANCER OF THE L^RGE BOWEL 


VERXOX C DAMD, MD 
Chairman, Department of Surgerv Rush Medical College 
CHICAGO 

The object of this paper is to call attention to the frequenc}^ of 
occurrence and the histologic structure of supposed!} benign pol}poid 
growths onginating m the large bowel and to present some etndence 
of their relation to cancer of the large bowel Studies of these vanous 
factors ha\ e been made on material co\ enng 200 resected cancers of the 
large bowel m o^er 300 patients on whom I ha\e personall} operated 
for that lesion and on 100 additional specimens of supposedly benign 
pol}q)s of the colon and rectum 

The incidence of mucous polyps of the large bowel varies considera- 
bly, depending on whether they are discovered as a result of examination 
of patients complaining of significant S}mptoms or whether their fre- 
quenc}^ is noted as a result of routine postmortem examination EAen 
the latter approach is not ideal unless a meticulous examination of the 
entire area of the large bowel is carried out, for these pohps in mam 
instances are small and hidden bet\\een the folds of mucosa Fortunate!}, 
such a thoroughgoing search was made in 1,800 consecutne autopsies 
by Feyrter^ in 1929 He observ^ed 1,017 pol}ps in 1,110 of the colons 
examined In discussing such observations it is important to attempt to 
designate which of the lesions are true tumors and which arc simple 
hyperplasias on a senile or an inflammator} basis This is extremel} 
difficult to do, as many of these lesions blend one into the other, with 
minor histologic differences Se\eral gross and histologic dmsions of 
these lesions can be made, however, and at the outset it would seem 
ad\nsable to make them 

One of the most common deviations from the normal m the mucosa 
of the colon is the occurrence of millet seed— sized flat ele\ations, which 
^ire usuall} multiple and occur mostK in old persons in whom thc\ 
ma\ be but another example of the h\perplasias occurring on a senile 
basis in other parts of the bod} — for example the skin Tlie\ also occur 
^ an inflammator} lesion , for instance on the mucosa or a colostonn 
stonn Thc\ are also commonh seen as multiple lesions in tlie mucosa 
of the bowel 3 to 6 inches (7 6 to 15 2 cm ) abo\e or below an ulceriting 

1 Fcxrtcr F 7ur I ehre \on dtr Pohpenbildunc im men«chlicbcn Darm 
med \\ chn*=chr 79 338 342 {^^a^cb 0) 1029 
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carcincma of the bowel Because of tins position contiguous to a car- 
cinoma it has been argued that the carcinoma may have sprung from 
such areas showing a tendency to growth It could be stated equally 
well that they are inflammatory in origin and consist of inflammatory 
hj^perplasia of the mucosa resulting from a reaction to the infection and 
irritation from broken-down tumor tissue in their immediate vianity 
The histologic structure of these minute lesions shows them in the mam 
to be simple hyperplasias with inflammation or lymphatic hyperplasia of 



Fig 1 — Two millimeter elevation of the mucosa near a caranoma o 
rectum, showing hyperplasia of the epithelium and inflammatory exudate between 
tubules Similar lesions appear on colostomy stomas 


the submucosa The glandular structures of the mucosa are enlarge 
The tubules of the mucosa are increased in length and have a s 
tendency to branch, but the staining properties of the cells are 
the surrounding mucosa, and the relation of the cells of the tubules to 
basement membrane is ever}nvhere preserved (fig 1) 
exceptional instances the cells of the lesions may take on deeper 
properties, the tubules may be branching and the general appeJit^^^ ^ 
of the lesion may closely resemble that of larger poh ps v Inch arc a 
certainly tumor and not simple h\perplasia 
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1 he lesion in figure 2 appeared on the exposed mucosa of a colostom} 
stoma several ^veeks after the colostomy vas performed In this group 
of small elevations of the intestinal mucosa it is not easy to differentiate 
hyperplasia, semle or inflammator}", and tumor grov^h In Feyrter's 
senes, 762 of the lesions found vere of this t)pe 

The next type of polyp frequentl} seen is the adenomatous polyp 
This lesion vanes m size from that of a pea to that of a large cherr 3 ^ and 



ma\ ha\e a sessile attachment, especialh vhen small, or a pedicle vhen 
larger due to stretching and pulling on its attachment b\ the peristaltic 
action of the bowel in its attempt to propel it along with the rest of the 
intestinal contents The lesion ma\ be transparent and oi the same 
color as the mucosa in which instance its histologic structure ii> more 
akin to the normal mucosa ot the bowel in that the epithelial co\cnng 
01 the pohp is more like a Inyierplasia the celh ha\ang but little diiTer- 
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cnt slaining- propcitits fnnii noiiiial epithchimi and tlit bod) of tlie polyp 
coiitanung si)ari>e cpilhclial ilcmcnts, many of winch arc cystic The 
stioma sinioundnn; these cystic dilal.itions of the tubules may have 
considerable round cell infiltratinn or inllanimatort exudate This type 
of poly'p IS the one most tomnionly lotind tn children and may have a 
pedicle of normal mucosa 2 to 3 inches f 3 to 7 5 cm ) long This same 
ty'pe of lesion is found in adults and has all the indications of being a 
benign lesion, with little tendency to rapidity of growth or loss of differ- 
entiation of the epithelial elements (fig 3) 



Fig 3 — Pedunculated adenoma of the rectum The structure is simp 


there is definite tumor formation 


Almost insensibly changing in structure are other polyps 
adenomatous group which have every evidence of a growth or 
change in their epithelium (fig 4, top) The color of these 
plum or cherry The staining properties of the cells ^ nuclea’’ 
different in that the protoplasm stains more deeply, as does ^ ^ ^^115 

substance, m which mitotic figures are not common The {lie 

m the tubules are increased m number At the base of t e a ^ 
structure of the tubules is more nearly normal than at 
of the lesion, w'here branching of the tubules and cup i e m 

the glands take place, and a beginning loss of order o le 
relation to the connective tissue pedicle of the poyp 



1 — 1 pnltmculntcd aticnonn of the colon Tlurc i‘' i p^IkV m r 

mticon lljc tninor is lohuhtal Bottom i>ctJiinciihtc(l mi i m tl o c 
^ ri ''mi’ll intcstinil niiiLosi h pctliclc of nornnl nuic<'* t C hr hi t 
>ti the iHnphcn if the tumor liou me: los«; of ordtrh nrntuti •’i il 
^tamnu cell*: ’ind nuclei 
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In these lesions, however, the relation of the epithelial elements to the 
basement membrane is ever} where presented These pol}ps ma) 
become large, with a cauliflower surface, and contain branching" stalks 
of connective tissue (fig 4, bottom) It is easy to see tliat in this t}fpe of 
adenoma the mucosa has taken on real growth propensities and that one 
IS dealing with a tumor benign in structure 

Westhues “ has well described, and, I belieAC, with reason, a still 
more advanced tissue change in these adenomas, which bnngs their 
structure closer to that of a carcinoma In these adenomas nearly all 



Fig 5 — Flat adenoma of the sigmoid flexure of the colon, 
epithelial structure (A) and loss of musculans mucosa in some ar 

order m the epithelial structure is lost The branching) 
tubules with cuphke outgrowths, the cells ot umcn 
and deepi} staining, hat e lost a definite relation to the as 
brane The musculans mucosa is absent in man} i" 

broken through, and the connective tissue pedicle is spa^ ^^iPtik' 
m man} places At the base of the lesion the glen 
distorted and pushed apart (fig 5) It is but a step rnn j 

to actual infiltration and intasion, tthich, m my op’*’’ 

2 Westhues, H Die pathologisch-anatomischen Grundla^ 

Rektumkarzmoms, Leipzig Georg Thieme, 1934 
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the cntenon for a diagnosis of malignant disease It becomes increas- 
ingly apparent how difficult it is for a diagnosis to be made from a small 
piece of tissue taken for biops} The general structure of the epithelial 
elements ma} be determined and the grouth tendency appreciated, but 
in this t}pe of lesion the gross appearance and physical characteristics 
of the lesion should be correlated ^^lth the histologic structure, for the 
reason that am evidence of ulceration or induration of the lesion §peaks 
volumes m favor of malignant degeneration 

Another gross dn ision of benign poh poid tumors of the large bowel 
is that of papillomas or mIIous tumors The tumors vary in size from 
arborescent stalks w ith the gross appearance of waving, delicate vegeta- 
tion to large, flatly attached soft tumors the size of an adult fist, almost 



Fig 6 — Lobulated \^IIous papilloma of the rectum 


occluding the lumen of the bowel (figs 6 and 7) The average size 
IS perhaps 2 to 3 inches (5 to 7 6 cm ) above the surface of the bowel 
The tumor is very soft, and its color usually resembles that of the normal 
mucosa surrounding it When immersed in water the waving, arbores- 
cent structure of the tumor is usually apparent The tumors appear only 
in adults, as far as I know, and they grow slowly Rarely they may 
serve as the apex of an intussusception (fig 8) In 1 of my patients 
an acute obstruction of the descending colon was produced, but m most 
patients the tumors make their presence known by hemorrhage, some- 
times acute and massive, and by the passage of tremendous amounts of 
mucus due to the rich development of goblet cells in their structure 
Histologically the structure of the tumor is villous, the elongated 
branching tubules showing increased cell layers, increased nuclear stain- 
ing with some mitotic figures and a large increase of the goblet cells 
of the mucosa (fig 7) Evervnvhere the relat on of the mucosa to the 
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basement membrane is preserved, and the connective tissue stalk is 
regular and often runs out into the larger elevations of the tumor In 
most of the papillomas adenomatous structures are found at the base 



6 B, high power magnification of the tubules of a villous tumor of the 
ing increased cell la 3 '-ers, increased goblet cells and mitoses but regular and 
arrangement of the epithelium in relation to the basement membrane 

of tire tumor, some of which are c} stic The tendency to 2/ 
organized tissue growth is also found m these tumors, and m ^ 
cases I have seen an early caranoma beginning m the lesion ^ 



Fig 8 — A, papilloma of the descending colon producing obstruction F, photo- 
micrograph of a portion of the papilloma compared to the normal mucosa of the 
bowel adjacent to it 
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these tumois in my early management of them were subjected to repeated 
fulguration, which is usually inadequate for the larger growths In none 
of the repeatedly irritated tumors did malignancy supen^ene If removal 
of these tumors is incomplete, recurrence \\ ill promptly supen^ene, but in 
my experience the recurrences ha\e been benign histologically When 
malignant changes occur m this t}pe of growth the} usually occur in 
the center of the papilloma Of all the benign pohpoid growths occur- 
ring in the large bowel, the papilloma most nearly resembles in gross 
appearance a carcinoma, and, conversely, many carcinomas take on a 
distinctly papillomatous appearance In histologic examination of this 
type of growth it is therefore of particular importance that the whole 
tumor be examined, as the base and center of the mass are most likely to 
show carcinomatous changes Of great Importance in determination ot 
the kind of operation (local or radical) to perform are the gross appear- 
ance and feel of the tumor, any evidence of induration or ulceration 
giving clear indication for radical removal of the segment of bowel con- 


taining the tumor 

One of the most striking and conwncing arguments in favor of the 
relation of polyps of the large bowel to the development of carcmonn 
15 seen m multiple polyposis In the presence of this lesion the entire 


colon and rectum may be studded with polyps, thousands of them, ■'arj- 
mg m size from a millimeter to several centimeters, with either sessile 
or pedunculated attachments and with the histologic framework of an 
adenoma, a papilloma or a mixture of the two (fig 9) In many of the 
polyps the regular structure m relation to the connective tissue sta 
is lost, and the branching tubules with heavily staimng multiple-layerer 
cells indicate a tendency to uncontrolled growth Clinically considere . 
the only etiologic basis of this bizarre and unusual tendency to 
formation is a hereditary one, there being a remarkable occurreiitt 
this lesion m successive generations of a fanjily The other cle 
and alarming tendency of these polyps is to malignant 
there being not infrequently three to four areas m the colon 
carcinoma has developed In Lonng’s case (fig 9/4) 3 
caranomas were found in the colon This decided tendency to care ^ 
nomatous degeneration in multiple polyposis has led nearly all surgeo ^ 
to advise graded removal of the entire large bowel before carcin 


develops 

Akin to this lesion but lacking the hereditary factor and the 
involvement of the colon is the occurrence of multiple polyps m t 
bowel where 3 to 10 may be present These are often o 
sizes and may be widely separated It seems probable^that 
degeneration of these polyps is responsible for the increasing t ^ -j 
tion of multiple cancers of the large bowel I have obsen ed a c . 




postmortem specimen of multiple pohposis of the colon uhich 
included three separate carcinomas with regional metastases B, giant section 
of the colon shown m A (Dr Mark Loniig), showing the various polypoid 
structures 


A fat man 52 years of age had a definite carcinoma of the ampulla of the 
rectum m the form of a poljpoid mass protruclmg into the lumen of the bowel 
which was ulcerated and indurated and from which a biops\ specimen was taken 
^^finite invasion of cancer cells (fig 10) About 3 inches (7 6 cm) 
'tbove this lesion w^as a flat, sessile attached pohT> which was not ulcerated and 
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multiple slightly ele\ated flat lesions a few millimeters m diameter, 
affecting the colon and rectum, and which are really a form of lymphoid 
hyperplasia (fig \2 A) 

Of more clinical interest but lacking carcinomatous tendencies are 
the large lymph pol}ps, of which I have seen 5 instances in the rectum 



11 — Malignant poljT) of the trans\erse colon associated with carcinoma 
of the rectum Note the invasion of the tumor through the muscularis mucosa 
at A 


In the first 2 cases there was a single polyp in the rectum, about 2 cm 
m diameter, with sessile attachment The tumor was rather hard In 
appearance the mucosa over the polyp was normal, and it appeared as 
if a globular mass were situated m the bowel, immediately beneath the 
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mucosa On removal of the mass the feeling was substantiated, on 
microscopic examination the mucosa ^\as normal, but beneath it was a 
large accumulation of lymphoid tissue (fig 12 5) This may have 
been a simple inflammator}' h}perplasia of the nonnal Ivmphoid tissue 



Fig 13 — Atultiple inflammatory poljps of -various t>p€s found in a colon 
which was the seat of amebic ulceration 

A third case was more confusing A woman 50 years of age was referred 
to me with the probable diagnosis of carcinoma of the rectum On 
examination a mass about 4 cm m diameter, consisting of 2 definite 
polypoid masses, was present on the anterior wall of the rectum about 
3 inches (7 6 cm ) from the anus The patient had been bleeding and 
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through the ]>i octObCO])e it w as seen that the base of the polypoid mass 
was ulcerated, though the major portion of the mass was covered with 
smooth epithelium A biops}’' specimen taken through the ulcerated area 
revealed evidence of a lymphoid polyp covered with epithelium, without 
adenomatous or papillomatous degeneration Complete removal of the 
mass showed a typical lymphoid polyp Whether the ulceration of the 
lesion had any potentialities as far as carcinoma is concerned is hard 
to say 



I a of 

Fig 14 — Section through A in figure 13, which shows 
epithelial elements of the mucosa as well as an inflammatory process in 
wise normal mucosa 


The last classification of polyps involving the large 
inflammator}^ type, to v Inch some reference has been made 
striking examples of inflammatory polyps are those seen to 
sive destruction of the mucosa of the bowel as a result of ame t 
or ulcerative colitis (figs 13, 14 and 15) The po]}ps hci"'-'*" 
inflammatory lijperplasia of persistent small islands o mu 
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areas of ulceration One patient had such a polyp as large as a goose 
egg in the rectum, which he would not allow to be removed 

One of the most interesting examples of this t>pe of pol>p was seen in a 
man 38 >ears of age The le\cl of hemoglobin had dropped to 28 per cent owing 
to repeated bleeding from the rectum By proctoscopic examination, at 12 cm 
from the anus an inflamed area with numerous finely lobulated papillomatous 
tumors was seen Unfortunatel> no biops> was done A colostom} was performed, 
and on repeated proctoscopic examination a gradual recession of the papillan tumors 



Fig 15— Section through B m figure 13, showung a polypoid tumor wuth a 
connective tissue stalk and branching epithelial tubules with hea\^ly staining 
nuclei This polyp developed in the presence and probably as the result of chronic 
inflammation of the intestinal mucosa from amebic dysentery Its appearance 
cannot be distinguished from that of the adenomatous polvps which are called 
true tumors 


took place until, at the end of ten months, no tumor was vasible, and the bowel 
appeared practically normal About nine months after colostom\ se;eral elevated 
PoKpoid masses, each about 0 5 cm in diameter, appeared on the exposed mucosa 
of the colostomy stoma One was excised, and a section was made This cor- 
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responded to tlic inflammatory Inpcrplasia alrcadj. described At the request 
of the patient the colostonn stoma was closed Bleeding again appeared, and 
tlie rectum sliowcd marked inflammation ^\ItI^OlIt tumor formation The rectum 
was removed No c\idcncc of tumor growtii was found This patient well 
exemplifies the influence of inflammation on lijpcrplasia of the mucosa of the 
colon, w’hich closely resembles tumor formation 


One of the most interesting examples of the influence of inflamma- 
tion on changes m the epitlielnim of the large bowel \vas readily seen at 
postmortem examination of a woman tvho had suffered wuth amebic 
dysenter)’' for three 3 'ears The bowel show^ed many discrete ulcers 
from wdneh amebas w'ere isolated The sigmoid flexure of tlie colon 
and the rectum particularly w'ere the sites of numerous pol}^®’^ 
changes, ranging from small millimeter elevations to wmll developed flat 
and pedunculated tumors Histologic examination of the boivel showed 
widespread inflammation of the mucosa wuth desquamation or necrosis 
of the surface cells The delations and tumor-hke growths on the 
mucosa ranged from simple hyperplasia m wdiich reduplications of the 
elements of the mucosa without increased staining of the cells ivere seen 
to typical adenoma formation wnth a connective tissue stalk and 
branching tubules wuth heaiily staining nuclei The sections referred to 
are showm in figures 14 and 15 In this case the wdiole problem of 
the relation of inflammation to tumor formation is brought acutel) 


into focus 

One other example of this relation must be mentioned A }Oimg 
woman in her late twenties had suffered from extensne ulceratnc 
colitis for several years Proctoscopic examination by her physiwan 
m Ann Arbor, Mich , because of first bleeding revealed a small papd ^0 
tumor at the rectosigmoid juncture This wms completely renioi^ 
through the proctoscope and after examination by the late 
Warthin w^as pronounced carcinoma Shortly aftenvard I examine 
patient proctoscopically but could find no lesion except extensive 
tive colitis Within twm months another examination revealed a s 
carcinoma at the rectosigmoid juncture It is, of course, 
to prove that the original tumor was an inflammatory polyp " 
undergone malignant degeneration, but the w^hole course of eic 


of more than ordinary interest 

The various types of pclj^ioid growths occurring in the 
having been reviewed and their inclination to carcinoma 0 ^ 
having been indicated in a general w^aj , the results of 
of 1 100 colons containing 1,017 polyps may be interesting 
no case of multiple pohposis and none of papilloma ^ of 
15 patients in whom carcinoma of the colon was 
and 4 m whom latent carcinoma w^as present In ’b pa 
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polvps of the colon, 6 of the pohps were carcinomatous histologicall}^ 
and 4 were suggestne of caicmonia Of 1017 pohps of the colon 


from 1,800 autopsies 


Per Cent 

762 \\crc millet seed size 


75 

175 were pea size 


17 

35 were cherr} stone size 


35 

22 were hazelnut size 


22 

5 w^ere cherr\ size 


05 

4 were almond size 


04 

8 w^ere bean size 


08 

7 were larger 


07 

If adenomas alone are considered 



Age, Years 

Alales 

Females 

0 to 14 in 100 cases 

No polvps 

No polyps 

15 to 34 in 100 cases 

No poljps 

1 polyp 

35 to 44 in 100 cases 

2 poljps 

4 pohps 

45 to 54 in of the cases 

poI>ps 

Yio had pohps 

55 to 64 in of the cases 

polyps 

Ho had polyps 

65 to 74 in of the cases 

polj ps 

% had poh ps 

75 to 87 in of the cases 

poh ps 

H had pohps 


If age (in jears) is considered for all of the lesions found 
Age, Years 

0 to 14 Of 100 patients, 2 had pohps 
15 to 34 Of 100 patients, 5 had pohps 
35 to 44 % of the patients had pohps 

45 to 54 Yi of the patients had pohps 
55 to 64 Yz of the patients had pohps 
65 to 74 % of the patients had pohps 

75 to 87 44 of the patients had pohps 

As a result of this thoroughgoing study, Feyrter has called attention 
to the polypoid lesions in which little histologic e^^dence of change 
fiom normal epithelium is present and also to polyps in which more 
or less lack of differentiation of epithelium, lack of order of the epithelial 
elements, differences in the depth of cell layers and marked differences 
of staining qualities of the cells and nuclei exist He has stated that 
one must differentiate between hyperplasia that remains such, h\per- 
plasia that develops into an adenoma and hyperplasia that develops 
into a cancer He holds with Oberdorpher and Lubarsch that infiltrating 
destructive growth is the pnncipal sign of cancer The other signs of 
increased activity of epithelial growth are suggestive but offer no proof 
Westhues ^ has studied 100 cases of rectal carcinoma with accom- 
paining polvps and an unstated number of pohps of the rectum and 



-iliciii] i:s or suRcrm 

Xol .T "" P-^^P'^V of fhe 

if certain Tel I ‘ *‘'‘"1 'raie taken place, but 

Doltne ft ,° appearance and consistency of the 

P jps so that areas of ulceration or induration can be determined 



Fig 16 Bizarre epithelial arrangement with little differentiation, rcscinW^'^ 
caranoma, m a po]>p of the rectum nhich was neither indurated nor ulcerat 
Local removal of the pohp resulted in cure 


There were 3 small adenomas (1 to 2 cm m diameter) hi'*'' 
going earl}'’ malignant changes This was suspected by slight iilcei^t 
of the lesion In 2 of these the carcinomatous ulcer ^\as 
than 2 mm in diameter, and in the third the pedunculated 
nas superficially ulcerated (figs 17, 18 and 19) These constitute > 


earliest evidence of mahgnanc} m the rectum which I ha\c seen 
Theie vere 4 large flat adenomas 8 to 6 cm in diameter, m 
malignanc} vas suspected hut len difficult to pro^e until after ra 
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T 1 n^ 97 fl'it-babed papillomas or villous tumors occurring 

In the group ot -7 nat 0 1 ^ f^lnatr character and structure 



j the carcinomatous 

Fig 18 -Junction of the adenoma and 

are 17 . 


h adult fct ®'l 

these tuutors become IheCel 
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tumors, the depth and not the periphery of the tumor is apt to be 
involved, and an area of induration develops (fig 23 ) Biopsy of a 
specimen of the papilloma surrounding this area may show perfectly 
Mnign nonmvadmg papilloma, but biopsy of a specimen taken through 
the area of induration reveals infiltrating carcinoma Papillomas, because 




S’' 






Fig 19 Two milhmeter carcinomatous ulcer on a pedunculated adenoma 


of the evidence of epithelial growth changes, as deeply staining many- 
layered cells, mitoses and branching tubules, are often called carcinoma 
grade I This, to my mind, is an error, for ulceration and invasion 
are the only certain criteria of malignancy It should in fairness be 
stated that m about half of my specimens some loss of differentiation 
of the tubular epithelium was present and that there was less regular 
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relation of the epithelium to the connective tissue stalk and the inus- 
cularib mucosa than is normal In view ot the fact that these tumors 
are undoubtedly premalignant, they must be thoroughly removed, but 
local removal is indicated whenever possible if no induration or iilcera- 



Fig 20 — Soft, large, flat tumor of the rectum This t%pe of growth 
to diagnose as to malignancy or benignity 


tion ot the tumor is present It is pertinent to say that ainont, 
27 cases no malignancy has occurred after local removal of the 
In 3 cases local recurrence of the papilloma took place, but after 
of the recurrent growth the patients ha\e been well for periods 
from two to six } ears 
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In my table, group V ib listed as polyps ^vlth early malignancy Three 
ot these were concerned with papillomatous soft growths in the rectum, 
where slight induration was present Biopsy of material from these 
areas showed invading carcinoma, and radical operations were carried 
out 



Fig 21 — Biopsy of the surface of the tumor in figure 20 was suggestue of 
carcinoma, but the diagnosis was not certain 

SbMMARY AND CONCLUSIONS 

It can be fairly said that in the mucosa of the large bowel there 
Is a gross and gradual histologic transition from h\perplasia to adenoma 
or papilloma to carcinoma Whether the inherent tendency to carcinoma 
in any one of these lesions is present from the start is not known 
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Carcinomatous changes m these lesions can be safely diagnosed only 
by gioss evidence of induration or ulceration and by histologic evidence 
of invasion, in which instance tunioi cells are found breaking throng i 
the musculans mucosa 



— — , 

re 20 sections 

Fig 22 -After radical removal of ^^cTrcinomS'ous infiltration 

through the base of the tumor showed typical 


zi:' rr r- 

'and md.cauy .£ ev.dence of mahgnancy ex.sts 




• * 



Fig 23 — A, diffuse adenomatous tumor of the rectosigmoid juncture in a 23 
'ear old woman. Its malignancy was questionable B, photomicrograph of the 
tumor, showing definite carcinomatous infiltration 
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The results ot biopsy may not be conclusive tor diagnosis unless the 
material is taken from an area of ulceration or induration It is impos- 
sible with many of these lesions for a pathologist to make a diagnosis 
of malignancy or benignity from a small piece ot tissue taken at random 
It is better to examine the whole tumor 

The earliest carcinomas I have seen m the large bowel are 1 to 2 
mm ulceiatmg lesions found on polyps 



BARBERRY 


ANCIENT REMEDY , NEW GERMICIDE 
GEORGE F DICK, MD 

CHICAGO 

Some time ago Mr William H Wood, of Brownsville, Texas, called 
my attention to infusion of algerita root, a remedy used by the Indians 
of Texas and Mexico for many ailments 

As many of these ailments were infectious processes, the following 
expenment was carried out in order to learn whether the infusion 
possessed any antiseptic or germicidal properties 

METHOD 

Five hundred grams of crushed algerita root was boiled for thirty minutes in 2 
liters of distilled water and the liquid filtered through gauze This infusion was 
sterilized m the autoclave and used as follows One- tenth cubic centimeter of a 
twenty-four hour broth culture of scarlet fever streptococcus was added to each 
of SIX test tubes, each containing 10 cc of ordinary nutrient broth with 0 1 cc 
of sterile blood added To one of these tubes 0 1 cc of algerita root infusion was 
added , to four tubes, 02 cc , 0 5 cc , 1 0 cc, and 3 0 cc , respectively, was added, 
and to the remaining tube no infusion was added The six tubes were incubated 
for twenty-four hours , then 0 1 cc of the w ell mixed contents of each tube was 
added to 10 cc of broth, and 0 1 cc of this broth was added to 10 cc. of melted 
nutrient agar at 40 C with 0 5 cc of blood added Blood agar plates were 
poured and incubated for twenty-four hours 

The Petri plate of the control tube, with no infusion added, contained innumer- 
able colonies of streptococci at the end of the incubation period The Petri plate of 
the culture tube containing 0 1 cc of infusion showed a few colonies of strepto- 
cocci, and the remaining plates contained no growth 

It will be noted that in plating out the mixture of infusion being 
tested, bacterial suspension and broth, a dilution of 1 100 was made, 
which did away with any inhibitory action of small amounts of infusion 
earned over into the agar plates 

The experiment indicated, therefore, that the algenta root infusion 
was germicidal in the tubes containing 0 2 cc or more Repetition of 
this expenment gave consistent results 

In order to find out the length of time required to kill streptococci, 0 5 cc of a 
twenty-four hour broth culture of erysipelas streptococcus was added to 10 cc of 
nutrient broth containing 0 5 cc of algerita infusion The mixture \\as incubated 
after thirty minutes 0 1 cc of the muxture was added to 10 cc of brotli, and 

From the Department of Medicine, Uni\Lrsit> of Chicago 
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0 1 cc ot this mixture was plated out In a similar way, 0 1 cc of the mixture 
was plated out after one, two, four, seven, sixteen and twenty-four hours All 
the plates up to those made after seven hours contained many colonies, when only 
115 colonies were found, in sixteen hours 10 colonies were found, and in twenty- 
four hours no growth was present 

In the dilution used, (1 20), then, the streptococci were killed only after seven 
to twenty -four hours of contact 

With various dilutions of mercury bichloride used in the same way as the 
infusion was used m the second experiment, 0 5 cc of a 1 10,000 solution of 
mercury bichloride added to 0 1 cc of twenty-four hour culture of erysipelas 
streptococcus in 10 cc of broth took eight hours to kill, so that the infusion has 
about the same germicidal power as a 1 10,000 solution of mercury bichloride* 

Experiments were carried out to compare the action of algerita icfu- 
Sion on different bacteria These tests were done just as was done witli 
scarlet fever streptococci except for the variety of organisms used The 
result IS shown in the accompanying table 


Effect of Infusion on Different Bacteria 


XumUer of Colonies Growing on Plates After to 48 Hours with piflerent Quantities oi 


Organism 

Broth and 
Bacteria 
Alone 

infusion 

01 Cc 

0^ Cc 

0 5 Cc 

1 Cc. 

Hemolytic streptococcus 

Innumerable 

Many 

0 

0 

0 

ot tonsillitis 

Scarlet fever strepto 

Innumerable 

10 

0 

0 

0 

coccus 

Pneumococcus type I 

Innumerable 

Many 

Many 

70 

0 

Staphylococcus 

Innumerable 

Innumerable 

Innumerable 

150 

15 

Streptococcus vlrldana 

Innumerable 

Many 

Many 

Many 

0 

Typhoid haelUus 

tnnnmerable 

All plates contained as many colonies as 

Plphtherla hacIHus 

Innumerable 

0 

0 

0 

0 

Brucella meUtensis 

Innumerable 

Many 

Many 

Many 

3 

Erysipelas streptococcus 

Innumerable 

Many 

50 

0 

0 

Brucella abortus 

Innumerable 

Many 

Many 

6 

0 


2 Cc 

0 


0 

0 

0 

soni 

0 

0 

0 

0 


3Cc 

0 


0 

0 

0 

I 

0 

0 

0 

0 


It will be noted at once that there is a very interesting 
action, for in the tubes containing 0 2 cc of infusion, hemolytic 
cocci and diphtheria bacilli were killed, whereas 
pneumococci required about five times as much infusion The 
organisms were between the other two groups, while typhoi 
grew as well in all concentrations used as in nutrient broth alone 
also observed that the infusion had to be kept under sterile preca 
or preservatives added to prevent the growth of molds 

In view of the remarkable selective germicidal action o ^ 
it seemed worth while to investigate its toxicity for anima s ^ 

A rabbit weighing 2,075 Gm was gnen 0 3 cc of f 

ravenously on Apnl 4, 1939 Three days later the 
Some comulsue mosements were noted, but the amma 
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December 26 (about seven months later), when it weighed 2,879 Cm and had 
normal urine Between Jan 1 and March 4, 1940, 1 cc was given intravenously 
three or four dajs a week, in all, 21 cc On -^pril 25 the rabbit seemed well, 
weighed 2,841 Gm and had normal urine 

Two rabbits were given 20 cc of infusion by stomach tube daily for two 
weeks and remained apparently well until observation ceased, four months later 
Un the other hand, 2 rabbits receiving 5 cc intravenously died at once 

Amounts up to 02 cc may be gi\en to mice subcutaneously without effect, but 
cc occasionally pro\es fatal, and 0 5 cc or more kills regularly 


COMMENT 

These experiments, together with reports that the Indians and old 
settlers in Texas take by mouth amounts of the infusion up to several 
ounces three times a day, show that algenta root infusion has considera- 
ble germicidal power, with a relatively low toxicity 

On looking up the botanic classification of the algenta bush, it was 
found to belong to the large barberry family of shrubs, which has an 
extremely wide distribution in the world Algenta is also known as 
Berberis tnfoliatis, Mahonia tnfoliata and Odosteman tnfoliatis 

Hart ^ stated that algenta root has long been used by old settlers 
and Indians in Mexico and Texas for sore eyes, sore mouth, cutaneous 
diseases and gonorrhea He analyzed the root and found that it con- 
tained 1 49 per cent of berberme (CjoHjoNOj), a yellow dye character- 
istic of the barberry family Unlike Berberis vulgaris, however, it 
contained no hydrastme 

Chopra - listed several varieties of barberry, including Berberis 
lycium and Berberis aristata, used in India by the natives for various 
ailments, including malaria, syphilis, oriental boil and duodenal ulcer 

According to Culbreth,^ Berberis canadensis was official from 1860 
to 1880 and was used for dysentery, dropsy and many other diseases 
Other plants containing berberme, such as calumba and goldenseal, are 
used in Africa, Madagascar and other parts of the world for malana 
and various fevers 

Cushny * stated that the main pharmacologic action of the drugs 
containing berberme is that of a bitter tonic and that berbenne, aside 
from Its bitter taste, has no pharmacologic action 

1 Hart, M C Am J Pharm 88 301, 1916 

2 Chopra, R, N Indigenous Plants of India Their Medical and Economic 
Aspects, Calcutta, Art Press, 1933 

3 Culbreth, D M R A Manual of Materia Aledica and Pharmacology ed 4 
Philadelphia, Lea Brothers 3. Co , 1906 

4 Cushny, A R Textbook of Pharmacology and Therapeutics ed 9, Phila- 
delphia, Lea 6L Febiger, 1928 
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Fluckigei and Hanbury ° stated that Berbens lycium was used bv 
the ancient Greek and Roman physicians, and it is mentioned bi 
Diodoscondes, Pliny and Celsns It was particular!} valued for sore 
eyes and catarrhal diseases 

The only instance of an adequate investigation of geimicidal prop- 
erties of berbens on its products is to be found in a report by Dab 
Gupta “ and another by Warma ’ on the use of 3 cc of a 2 per eeiit 
solution of berbenne acid sultate injected into the lesions ot oriental 
boil According to Das Gupta, the injections are followed by rapid 
disappearance in biopsy specimens of the Leishman-Donovaii bodicb 
and rapid clinical improvement Others have confirmed these obsena- 
tions That the germicidal properties of algerita root infusion are 
probably due to its berbenne content is shown by substituting a 0 1 per 
cent solution of berbenne sulfate Merck for the algerita infusion as 
described It was found that from 0 05 cc to 0 1 cc of the 1 per cent 
berbenne solution in 10 cc of broth with 0 1 cc of eiysipelas strepto- 
coccus twenty-four houi broth culture regularl}'^ killed the bacteria, 
whei eas it took about 0 2 cc of the infusion to kill the same organist 
The berbenne content of the infusion is about ^ ot 1 per cent, so that 
It IS unnecessary to assume any other germicidal substance m 
infusion other than berbenne 


It was also found that the time required for a 1 pei cent solutio'* 
of berbenne to kill erjsipelas streptococci was about eight hours i 
the dilution described, and this is from one-half to one-tourth the 
required for the infusion to produce the same result 

Chopra - gave 0 1 Gm per kilogram of body weight as a fata! 
for rabbits I found that 001 to 0 02 Gm per kilogram ivas 
fatal if given intravenously, and 0 0005 to 00010 Gm wat> 
mice On the othei hand, a labbit weighing 2,415 Gm 
Gm intravenously daily for twenty daj's with no evidence ^ 
Merck's index gives the dose of berbenne sultate as 0 0 to 


thiee times a day 

It is apparent, then, that berbenne, while relatn el) nonto 
mouth, is, like the crude infusion of algerita root, unsafe for mtra 
use except in small doses 

It IS interesting that the barberr}^ family of shrubs baa 
by aborigines m many parts of the world for main ailnienta 


U'A 


5 Fluckiger, F A, and Hanbun. D Pliarmacograpbm V j, 

Pnncipal Drugs of Vegetable Origin Met with in Great Brinm aiu 

ed 2, London, Macmillan &. Co , 1879 

6 Das Gupta, B M Indian M Gaz 65 683, 19 j0 

7 Wanna, J D Indian M Gaz 66 386 1931 
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use lias been cained over into the medical profession from time to time 
as far back as medical history goes, but no report of an adequate inves- 
tigation of the germicidal action of the substance is to be found 

.\s both crude infusion of Berberis trifohatis and berberine are of 
low tOMcity except on intravenous injection, they would seem to offer 
some promise, particularly for surface infections I have used the 
infusion for such infections as are associated with decubitus and varicose 
ulcers, tonsillitis and stomatitis, and, while results are promising, more 
experience is required to warrant conclusions as to its value 



SURGERY OF THE GALLBLADDER IN 1910 

AND TODAY 


EARLE DRENNEN, M D 

BIRMINGHAM, ALA 


A survey of the progress and changes in the management of disease 
of the biliary tract during the past thirty years presents an interesting 


panorama 

In general, progress in medicine and surgery has been dependent 
to a large degree on new discoveries and improvements in the ancillary 
sciences In the lifetime of the present generation probably most 
progress has been due to good research work by physicians themselves 
The great question which agitated the surgical world from 1900 to 1910 
was that of cholecystectomy versus cholecystostomy Today it is 
longer even discussed , cholecystostomy has become a rare and almost 
discarded operation and when employed is considered a makes i 
procedure 

Certainly, the most dramatic and useful development in the diagnosis 
of disease of the gallbladder during this period was the introduction y 
Graham and his associates of cholecystography This was first presen 
in 1924 and was perfected m 1925 It has since become a stan ar 
requirement in the diagnosis of biliary tissue 

It may be worth while, in order to appreciate the distance 
have come, to take stock of the equipment which the surgeon o 
had for the diagnosis and treatment of diseases of the bihary tract 
In the matter of diagnosis, the patient’s history then, as today, 
of paramount importance In fact, a good history properly t e 


accurately make the correct diagnosis 

A history of biliary cohc, particularly if repeated, with ^ 
soreness over the region of the gallbladder still points definitely to ^ 
of the gallbladder Also, slight and transient jaundice 
an attack is most suggestive However, in the earlier pcrio ^ 
degrees of cholecystitis were overlooked or were attribute j 

nonsurgical conditions It is in detecting these early 
treating them that great progress has been made If me 
fails to bring relief, surgical intervention can now be use sa 
The surgeon of 1910 had only poor roentgenograms, w 
seldom conclusive To his credit, he depended more on t e ^ , 

in all diagnostic work than do surgeons of today Lor ^ 

no duodenal tube to pick up cry^stals of bile salts an p = 
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papilla of Vater to make the diagnosis of stone m the common duct 
The van den Bergh test to help locate the origin of jaundice had not 
yet come to light 

Aschoff's ideas of the oiigin of gallstones and of the physiology of 
the liver have been promulgated and generally accepted In his work 
on pathology he stated that there are two kinds of gallstones 

the pure cholesterol gall stone, which may occur without symptoms in a 
gall bladder with normal walls, and may e\ist in this state for a long period of 
time, and, as a result of the migration of organisms, or obstruction to the outlet, 
infection may be superimposed and inflammatory gall bladder disease result 
Under the influence of inflammatory exudate of the mucous membrane, which 
IS rich in calcium, and of the infectious decomposition of the bile, there occurs 
precipitation of pigment, calcium masses around the cholesterol stone, and thus 
originates the so-called combination stone from a nucleus of pure cholesterin, 
not of inflammatory origin 

Also, from his conception of bile formation has come the van den 
Bergh test, which indicates whether the jaundice is due to obstruction 
or whether it is of hematogenous origin In most instances it is of no 
practical help to the surgeon 

Painless jaundice of increasing severity is nearly always due to 
cancer of the head of the pancreas or in the bile ducts The work of 
Allen Whipple in resecting the head of the pancreas for relief of the 
condition is a noteworthy and recent achievement in this field 

It has long been known that the jaundiced patient is prone to bleed 
excessively The surgeon of 1910 did not have the valuable weapon 
of transfusion to combat the menaces of hemorrhage and shock Cnle 
was leading the fight in giving transfusions by joining the artery of the 
donor to the vein of the recipient The idea was good, but the procedure 
was technically futile Jaundice was formerly beheved to result almost 
wholly from obstructive causes resulting in back pressure on the liver 
It was also believed that bile was made only by the polygonal cells of 
the liver 

Following the work of Aschoff and his conception of the reticulo- 
endothelial system, a different idea of jaundice has come about He 
has stated that the Kupffer cells, which line the venous sinuses of the 
liver, are phagocytic, taking up hemoglobin and other detritus and 
turning them into bilirubin He has also expressed the belief that the 
parenchymal cells merely secrete the bile and do not form it as was 
formerly thought The experiments of Mann completely confirm 
Aschoff's theory in this matter Today, with perfected transfusion of 
blood and with vitamin K, one has much better control over the bleeding 
and oozing of jaundiced tissues 

It is believed todav that the bleeding tendency in jaundiced patients 
IS largely due to deficienc\ of prothrombin in the blood Walton stated 
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that the bleeding" teiidenc} troni jaundice is a myth Since vitamin 
K. IS fat soluble, it cannot be absorbed in cases of obstructive jaundice 
for lack of bile m the intestines Vitamin K normally occurs in green, 
leaty plants, such as spinach and alfalfa 

As to blood clotting, it is believed that thromboplastin and the calcium 
ion unite to convert prothrombin into thrombin and also that certain 
amounts of thrombin will change proportional amounts of fibrogen into 
fibrin, thus establishing the structural basis of the clot Since Mtamin 
K is essential to the normal formation of prothrombin, it thus becomes 
an integral factor in the process of blood clotting 

Perhaps the underlying factor in reducing “surgical mortahtj” is 
the management of the body fluids, the replacing of electrolytes and ot 
serum and blood when needed and the avoidance of alkalosis The work 
of Coller and others is outstanding m this field 

The use of the Wangensteen tube has become universal and is olten 
life saAung in combating postoperative regurgitation, ^ 0 Inltl^g and 
distention It has practicall)'" superseded high enterostomy, which some 
3 '^ears ago was often performed to alleviate these symptoms 
The administration of oxygen in high concentration m the 
tent after operations on the gallbladder permits the patient to breathe 
more easil}^ prevents distention and is thought to guard againi>t 
pneumonia 

In the matter of operative technic there has been steady progress 
Gentleness in handling tissues and sharp, clean dissection have become 
more widespread among surgeons Clear i isualization of the bile diicta 
before clamping or dividing them has become general, as has know e o 
of their anatomic variabilit}'^ 

It was not uncommon thirty years ago to see a gallbladder 
ripped from the liver, leaving a bleeding and easily mtected area 
with subperitoneal removal, the bed of the gallbladder on the 
left dry, smooth and clean 

However, the surgeons of 1910 were not lacking m merit 
One of Halsted’s last contributions was the idea of expIorin& 
draining the common duct through the stump of the cystic duct 
a technical maneuver which has not met the acceptance iihich it es 
The methods of managing fistulas and strictures of the ducta 

definitely improved ^ ^ 

Fortunately for patients and surgeons, the spa treatment o^^^ 
of the biliary tract practically does not exist m America, 
sequently one does not encounter so many cases of advance ^ 

involvement, such as se\ere chronic pancreatitis, hemorr a., 
creatitis, chronic hepatitis and internal fistulas 
:Mam surgeons today are looking at acute 
of acute appendicitis and are ad\ising and peitornim-. 
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operation Nevertheless, the analogy is not complete, for the gallbladder 
rarely pertorates In a senes ot dSO cholec}stectomies pertormed by 
me, only 1 gallbladder showed macroscopic perforation, and that 
occurred in a neglected diabetic patient of 72 Lahey stated that in a 
senes of more than 1,800 cases he encountered no rupture of the 
gallbladder Certainly, the early recognition and surgical treatment of 
these conditions prevent the advanced pathologic conditions seen in 
European clinics, which is reflected in an improved morbidity and 
mortality rate 

Not the least among the advantages enjoyed by the surgeon of toda} 
is that ot modern anesthesia Recently, the application of drugs of the 
sulfanilamide group to the treatment of peritonitis has shown remarkablv 
good results, and this holds great promise Doubtless the next thirt} 
years will bring forth man^ advantages which are not on the horizon 
of today 



THE HUMAN SIDE OF SURGERY 


J N T FINNEY, MD 

Professor Emeritus of Surgery, the Johns Hopkins University 

BALTIMORE 

In these ultiascientific days it may possibly be construed by some 
as rank heresy even to suggest that there may be something else m 
surgery besides the purely scientific aspect I yield to none in my 
admiration for those devoted men and women who have dedicated their 
lives and their all to science and to research into the hidden mystenes 
of nature All honor to them, and may continued success attend their 
labors ' Humanity has greatly benefited by their invaluable contributions 
to the sum total of human knowledge 

With no thought of detracting one iota from the credit due them, 
I feel constrained, however, to draw the attention of the members of 
the medical profession to a matter of prime importance in this connection 
I believe that it will be generally accepted as a matter of common 
experience that as a surgeon grows older and sees more of hfe, pnr 
ticularly ot the lives ot his patients, and becomes better acquainted wit i 
the effect, both physical and mental, of a surgical operation on s 
patient, he becomes more philosophically inclined He becomes less ap 
to operate by rote, as it were, and more inclined to consider each 
as an individual entity and each patient as a human being 
himself and not as just one more subject to be operated on 
to be sure, give his patient the benefit of all that science has 
the way of modern aseptic surgery, but even all this will 
for a thoughtful, observant, experienced surgeon He will have 
after years of careful observation that there is something more m 
than the mere mechanical carrying out of all the minute details 
by the present day conception of aseptic technic, that in order 
the best results due regard must be paid to the human element 
It must never be forgotten that the surgical operation is being 
on a human being, whose feelings and emotions must be duly ^1,^. 

Physiologsts — Cannon, Freeman, Howell and others te 
marked effect that emotional disturbances, such as fear or 
exert on the bodily functions, so marked, in fact, at times as to c 
a real menace to life itself From the days of Hippocrates to 
time physicians have been taught that m order to f ir^ 

of wounds It IS necessary to remove or to lessen as far 
effect of all factors that may exert a deleterious influence . 

Even surgeon of experience knows >>0" tefKr as • 

heal in persons at peace and rest in mind and body 
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doubt, therefore, that the state of mind in which the patient approaches 
an operation exerts a real influence for good or evil on its outcome 
I have elsewhere called attention to the fact that a patient who, to use 
a common expression, is “scared to death*’ or who is greatly worried 
by gloomy forebodings as to the result of the operation or who has 
made up his mind that he is surely going to die is in a much less favorable 
condition to undergo a serious surgical procedure and make a satisfactory 
recovery therefrom than is one whose apprehensions and emotions are 
not all stirred up As I acquire wider experience, I am more and more 
impressed with the advisability of the operating surgeon’s paying greater 
attention to the mental state of the patient about to be operated on Of 
course, it takes time and trouble to do this, and the surgeon’s time is 
limited and valuable as well, so much so that he is unable or, more likely, 
unwilling to give up much of it to talk to and to reassure nervous or 
apprehensive patients concerning the nature and probable outcome of 
the proposed operation 

I am becoming all the time more and more convinced that it is not 
enough simply to inform a patient in a casual, matter-of-fact way that 
on a certain day at a certain hour he will be operated on and to let it 
go at that The ideas current in the lay mind with regard to the dis- 
comforts, dangers and possibly unsatisfactory results inseparably 
connected with a surgical operation are often so erroneous and so 
ternfying as to constitute a real menace to the success of the operation, 
to say nothing of the needless mental suffering entailed The careful, 
conscientious surgeon will, therefore, before undertaking any operative 
procedure, be sure to take the time to satisfy himself that his patient 
IS properly informed as to just what it is proposed to do and why and 
also, as far as it is humanly possible to foretell, just what it is hoped 
to accomplish In this way only can the degree of confidence and 
cooperation necessary to the fullest measure of success be established 
between the surgeon and the patient But some one will say “I haven't 
the time I can operate on but half the number of patients that I do 
now if I spend so much time with each individual patient ” The answer 
IS simple and sure No surgeon has the moral nght to undertake to 
do more than he can properly accomplish 

The salutary effect that entire confidence in his physician or surgeon 
exerts on a patient is a matter of common knowledge and remark Who 
has not met with instances m which the whole aspect of a case has been 
quickly changed by the effect on the morale of the patient that renewed 
confidence inspires^ On the other hand, lack of confidence in one’s 
physician or surgeon creates an atmosphere of suspicion and distrust 
which is most unfavorable to a satisfactory outcome of any prescribed 
course of treatment, whether medical or surgical As a result of these 
observations, I have become impressed with the fact on which I wish 
to lav especial emphasis, that m preparing for a surgical operation there 



298 


ARCHIVES OF SURGERY 


IS something more to be taken into account than inerel} the diagnosis, 
the aseptic technic, the administration of the anesthetic and the use ot 
the knite, \itally important as all of these are — naniel}, the state ot 
mind ot the patient at the time ot the operation 

It is hoped that this brief paper may direct the attention ot those 
members of the medical profession to whose notice it may come to a 
phase of surger} which has hitherto not recened the attention wiiidi 
its importance deserves, namely, the human element Ever)’ one will 
agree that the surgeon has no more right to inflict needless mental 
anguish than he has to cause unnecessar)’ physical pain Both tend to 
lower the resistance ot the patient and so render him a less taiorable 


surgical risk Therefore, one of the first obligations of the surgeon 
when he assun'ies the responsibility of the care of a patient is to acquaint 
himself with, and to remove as far as is humanly possible, all obstades 
physical and mental, to a successful conduct of the case In order to 
do this satisfactorily it is essential that the surgeon should come to kaow 
as intimately as possible what the old famih doctor used to call the 
constitution” of his patient Until quite recently it was customan in 
some circles to smile complacently when this expression was us 
Now however, its true significance is beginning to be more gene 


recognized 

In spite of the fact that every one who knows anything about t 
healing of wounds is aware of the fundamental nature ot the 
just stated, how much attention does the average surgeon in 
life pay to them^ To be sure, ordinary care is usually exercis 
keep the patient quiet and to relieve unnecessar)’ pain, but that 
Experience, however, will show that time taken to gam the ^ ^ 
confidence, to remove doubts and tears from his mind, to exp 
what it is proposed to do and why and what the chances ot rec 
of health and bodily functions are is tune well spent and will ) le ^ 

returns m peace of mind, better ^^ound healing and more 
complete convalescence The si/ie qua non ot the 
the best in surgery is attention to detail, mental, ph)sical an j, 

It IS nothing short of the best that the surgeon should ^ jj ^ 
his work, it IS not sufficient that it should be good 
the hundredth case that the surgeon should be constantl) 
and preparing himselt to meet This is the case the p 

meiit ot iihich will tax the resources of the surgeon to > 

ninety-nine will probably take care ot themsehes either 
(horrible thought) perhaps e\en m spite of uhateier the , 

Fmall) , m all professional efforts let there be no w ^ 

scientific, but more of the human, element more heart 
surgeon's relations Muh h.s patients The; mil ''' 

he will ha\e more real satisfaction m his work 



INTRATHECAL ADMINISTRATION OF TETANUS 

ANTITOXIN 


WARFIELD M FIROR, MD 

BALTIMORE 

The treatment of clinical tetanus is in an uncertain and unsatisfactory 
state The mortality is high, there is no agreement as to the form of 
treatment that gives the best results, and the therapeutic use of antitoxin 
has not brought about an appreciable decrease in the death rate The 
explanation commonly given for tins tlierapeutic failure is that tetanus 
antitoxin cannot neutralize toxin which has become fixed by the tissues 
It IS impossible to verify this statement in human beings, but with dogs 
Abel and his associates have thrown some light on the fate of tetanus 
toxin in the body ^ They have shown that up to a certain time one or 
more lethal doses of toxin which are apparently fixed can still be neutral- 
ized if considerable excess of antitoxin is given, but if admmistration of 
antitoxin is delayed for too long a time the fixed toxin is not susceptible 
to the antitoxin It has been suggested - that the toxin becomes altered 
after it is fixed in the central nervous system and that when altered it 
cannot be neutralized Unfortunately, with patients there is no method 
by which one can ascertain (a) whether symptoms are due to the 
presence of a lethal or a sublethal amount of toxin in the body, (b) 
whether or not a lethal quantity has been fixed and (c) whether the 
fixed toxin can be counteracted by antitoxin In treating patients, there- 
fore, one must proceed on the assumption that a lethal amount of toxin 
has not become fixed and rendered unsusceptible to antitoxin 

Most physiaans agree that a patient with general tetanus should be 
given antitoxin as soon as possible, that the wound of entrance should be 
widely excised even though it may appear to be well healed, that seda- 
tives should be given and that general measures, such as rest, quiet 
and adequate nourishment should be provided , but here agreement stops 
Some physicians still advocate treatment with phenol There are many 

From the Surgical Hunterian Laboratory of the Johns Hopkins University 
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articles on the use of avertin with aniylcne hydrate Magnesium sulfate 
las an ecjually large and enthusiastic number of supporters Some 
workeis recommend administration of \ery large amounts of antitoxin, 
others say that lai go amounts are unnecessary The question as to the 
best route for administration of the antitoxin causes the most contro- 
versy Wamw right,^ in 1926, stated that the quickest way to reduce 
mortality in general tetanus is to forbid mtraspinal injection of antitoxin, 
and he presented statistics from which he concluded that the intravenous 
route IS the best one Ashhurst ‘ criticized the interpretation of these 
statistics and strongly advised the use of the intrathecal method From 
time to time every possible route of injection has been suggested, and 
statistical support has been offered in each instance 

Such divergence of opinion means that in actual practice no single 
method has been shown to be much better than another This may he 
due to the fact that very' few clinicians have had a sufficient number of 
patients to compare adecjuately' the different methods Since m patients 
one is unable to measure the amount and the condition (state of fixation) 
of the toxin, it is impossible to say whether a patient would sun'ive 
regardless of the tieatment employed Furthermore, evaluation of clmi 
cal reports is made more difficult by the common failure to specify 
(a) the length of the incubation period, {b) the interval before treat 
ment was begun, (c) the seventy of the sy'mptoms, {d) the details of 
the treatment, (e) the location of the wound, (/) the age of the patient, 
(<7) the presence of other conditions which might have caused deati 
and (/i) the culture of Clostridium tetani from the wound f 
reviewed the clinical reports for the past tiventy-five years and tei 
been unable to find any basis on which to compare the results and 
at vahd conclusions Thei e are, however, two exceptions, tliose ^ 
Yodh« and Vener,« and I shall consider these m the comment at ti 


end of the paper 

Since, therefore, the actual conditions of patients with tetanus 
accurately known, one is forced to study the disease by aniina 
mentation For this paper only one of the many questions 
general tetanus has been investigated In combating 
in a dog poisoned with two lethal doses of tox'in, is the 
administration of a given amount of antitoxin better than the 
route ^ It is obvious that, unlike a patient, such a dog is not con n 

f Arci) ^>1^9 

3 Wainwnght, J M Tetanus Its Incidence and Treatment, 


12 1062 (May) 1926 1.') 

4 Ashhurst, A P C Prognosis of Tetanus J A ^I A 
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5 Yodh, B B Brit M J 2 589, 1932 
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absorbing toxin from a focus of infection , so in these experiments it is 
not necessary to provide a constant supply of antitoxin from repeated 
injections 

From tune to tune investigations similar to those reported in this 
paper have been carried out with different species of animals Recently 
Shumacker, Lament and I " reviewed these experiments and commented 
on them A serious criticism of much of the earlier work on this subject 
IS that treatment with intrathecal antitoxin was started before general 
tetanus had developed in the animals To nullify this criticism, we com- 
pared the efficacy of the intravenous and intrathecal routes in guinea pigs 
and in dogs after unmistakable signs of general tetanus were present 
Although these experiments " were carried out on a small number of 
animals, the results seemed to indicate a real superiority for the intra- 
thecal route This was true m both tetanus-sensitive animals (guinea 
pigs) and tetanus-resistant ones (dogs) The clinical importance of this 
observation made it desirable to repeat our experiments on a much larger 
scale and to attempt to investigate the following related problems 

1 Whether the effects of antitoxin given mtrathecally are due wholly 
or m part to a nonspecific inflammatory reaction in the meninges 

2 Whether antitoxin introduced into the lumbar subdural space is as 
efficacious as that placed in the cisterna 

3 Whether it is possible to save the life of animals which are prone 
and convulsive with severe general tetanus 

AIETHODS AND MATERIALS 

The tetanus toxin used in these experiments was lot no 641-G from the Lederle 
Laboratory The large amount of concentrated antitoxin used was supplied by 
Sharp & Dohme, Incorporated The strength of the toxin was determined at 
intervals according to our usual method ^ Lumbar punctures were made at the level 
of the second to the fourth lumbar segment with a shortened human lumbai 
puncture needle Cisternal punctures were made with an ordinary 2 inch (5 cm ), 
20 gage hollow needle In no instance was the antitoxin injected until clear 
spinal fluid issued from the needle Neither intravenous nor parenteral fluid was 
given to the dogs which were prone, but they were fed raw ground beef, milk 
and water by hand Autopsies were performed on all dogs which died 


EXPERIMENTS 

Healthy mongrel dogs were given 900 guinea pig median lethal doses 
(G-P LDSO’s) of tetanus toxin filtrate per lalcgram of body weight intravenously 
This w^s approximately two lethal doses Fifty-tliree hours later the animals were 
divided into groups according to the severity of their symptoms and were given 680 
American units of tetanus antitoxin per kilogram, either intravenously or intra- 

7 Shumacker, H B » Firor, W M , and Lament A Surgery, to be 
published 
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and he presented statistics from which he concluded that the intravenous 
route is the best one Ashhurst ‘ criticized the interpretation of these 
statistics and strongly advised the use of the intrathecal method From 
time to time every possible route of injection has been suggested, and 
statistical support has been offered in each instance 

Such divergence of opinion means that in actual practice no single 
method has been shown to be much better than another This may he 
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absorbing to\m from a focus of infection , so in these experiments it is 
not necessary to provide a constant supply of antitoxin from repeated 
injections 

From time to time investigations similar to those reported m this 
paper have been earned out with different species of animals Recently 
Shumacker, Lamont and I ^ reviewed these experiments and commented 
on them A serious criticism of much of the earlier work on this subject 
is that treatment with intrathecal antitoxin was started before general 
tetanus had developed in the animals To nullify this criticism, we com- 
pared the efficacy of the intravenous and intrathecal routes in guinea pigs 
and in dogs after unmistakable signs of general tetanus were present 
Although these experiments ^ were earned out on a small number of 
animals, the results seemed to indicate a real superiority for the intra- 
thecal route This was true in both tetanus-sensitive animals (guinea 
pigs) and tetanus-resistant ones (dogs) The clinical importance of this 
observation made it desirable to repeat our experiments on a much larger 
scale and to attempt to investigate the following related problems 

1 Whether the effects of antitoxin given intrathecally are due wholly 
or in part to a nonspecific inflammatory reaction in the meninges 

2 Whether antitoxin introduced into the lumbar subdural space is as 
efficacious as that placed in the cisterna 

3 Whether it is possible to save the life of animals which are prone 
and convulsive with severe general tetanus 

METHODS AND MATERIALS 

The tetanus toxin used in these experiments was lot no 641-G from the Lederle 
Laboratory The large amount of concentrated antitoxin used was supplied by 
Sharp & Dohme, Incorporated The strength of the toxin was determined at 
intervals according to our usual method ^ Lumbar punctures were made at the level 
of the second to the fourth lumbar segment with a shortened human lumbai 
puncture needle Cisternal punctures were made with an ordinary 2 inch (5 cm ), 

20 gage hollow needle In no instance was the antitoxin injected until clear 
spinal fluid issued from the needle Neither intravenous nor parenteral fluid was 
given to the dogs which were prone but they were fed raw ground beef, milk 
and water by hand Autopsies were performed on all dogs which died 

EXPERIMENTS 

Healthy mongrel dogs were given 900 guinea pig median lethal doses 
(G-P LDSO’s) of tetanus toxin filtrate per kilogram of body weight intravenously 
This was approximately hvo lethal doses Fifty-three hours later the animals were 
divided into groups according to the severity of their symptoms and were given 680 
American units of tetanus antitoxin per kilogram, either intravenously or intra- 

7 Shumacker, H B , Firor W M , and Lamont, A Surgery, to be 
published 
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cjstcrnally The rcbults of tliLsc mjcctioiib art bhewn iii table 1 It is obvious 
that nitracisternal administration of antitoxin is more effective than intravenous in 
curing early, moderate and well developed general tetanus, for of 36 dogs treate 
by mtracistcrnal injections only 3 died, whereas 19 of tlie 25 treated by intravenous 
injections died It was noted that the animals which recovered from intraasterna 


Table I— Effect of the Route of Jdmtmslralwu on the Therapeutic Efficiency 
of Tetanus Intitoun m General rt-tanus in Dogs* 


Symptoms ut Time of Ircutmcnt 
wltU Tetanus AntIto\In 

Early ears erect, brows furrowed 
Moderate curs erect, brows furrowed 
and neck still 

Marked ears, brows and neck the sumt 
slight general stillness 
Severe generalized stiffness but unlmal 
not prone or convulsed 

Total 


Route of Vdministration of 
letunus Antito\la 


IntraLisUrnal 

. 

No That 
No of Died of 
\uiuiul3 Ictauus 


Intravenous 

No That 
No of Died of 
\nlnjuls Tetanus 


No Treatment 
with 

Antltoxm 


No That 

Xo of 

Animals Tetanus 


15 1 I'l 


10 


1 


O 


3 

o 


6 


6 


1 


1 



— — , Fifty thre^ 

* Each dog received 900 G P LD50’s per 
houra later each dog treated received a single injection of 6S0 American 

of tetanus antitoxin 


Tablk 2— Effect of the Route of Administration on the 

of Tetanus Antitovin m General Tetanus in PoQ ^ 


SymptomB at Time of Treatment 
with Tetanus Antitoxin 

Early ears erect, brows furrowed 
Moderate ears erect, brows furrowed 
and neck stiff 

Marked ears, brows and neck the same 
slight general stiffness 
Severe generalized stiffness but animal 
not prone or convulsed 

Total 


Intravenous t 
Plus Horse Se^ Intravenous 

Intraclsternal Intracls terna^ ^ 

Pled of 


No That ^ , NO p^^u^ 

No of rrted of No of ^‘tanua Animals Ts 
Animals Tetanus Animals xt;>-uu ^ 



— 

' . ijjtraveDOU^''^ n]L3 

•Each dog received 9(X)G PLOT'S of ^ American u 

three hours later each dog treated received a single , , -t the same fi®' 

received the antitoxta Intravenously a 

equal amount of normal horse serum Intraclstema y 

injections had little or no progression of is not appare»‘ • 

temal injections m curing severe or f^r advan ^^ble 4 

experiment, but further investigation this pom suggested that the . 

Dr LeRoy Fcthergill. of the Harvard Medical School J .. 
of mtracistemal administration of ^"‘>*0x10 may ^ 

produced in the meninges by the serum tetanus antitorm intm 

we. %ve studied a series of dogs which received tetanus 
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an equal amount of horse serum mtracistcrnally The data are recorded in table 2 
It is clear that the combmed use of horse serum and intravenous antitoxin produced 
better results than did the use of intravenous antitoxin alone, but the results were 
not so good as those obtained from intracisternal admimstration of antitoxin It 
must be pointed out, however, that the number of ammals used in this experiment 
was not large, and consequently the differences are correspondingly less significant 
The purpose of our next experiment was to determine whether there is any 
difference between the eflSciency of antitoxin given intracisternally and that given in 
the lumbar region The results are tabulated in table 3 and show that within the 
limitations of this experiment the former route is the better one except in animals 
with severe symptoms 

We then tned to see whether intracisternal injections of antitoxin can save an 
animal with far advanced general tetanus The results are shown m table 4 We 
were able to save only 1 dog in the series — a dog which received the antitoxin intra- 
cistemally We were surprised that we could save even 1, for the amount of toxin 
and the lapse of time before antitoxin was given were so great that we felt certain 

Table 3 — Comparison of Intracisternal and Lumbar Infections of Tetanus 
Antitoxin in General Tetanus in Dogs 


Eoute of Administration of Tetanus Antitoxin 
Intracisternal Subarachnoid (Lumbar) 


Symptoms at Time of Treatment with 

No of 

No That 
D ed of 

No of 

No That 
Died of 

Tetanus Antitoxin 

Animals 

Tetanus 

Animals 

Tetanus 

Early ears erect brows furrowed 

15 

1 

5 

2 

Moderate ears and brows the same neck stiff 

10 

1 

16 

2 

Marked ears brows and neck the same slight 
general stiffness 

8 

] 

1 

1 

Severe general stiffness no convulsions 

0 

4 

4 

3 

Total 

30 

7 

25 

8 


that nothing could save the animal It is interesting that animals given intracis- 
ternal injections survived appreciably longer than those given mtravenous injections 
The observation that we were able to save 1 dog with advanced general tetanus 
offers real encouragement in the treatment of pabents critically ill with tetanus The 
result of treatment in this 1 dog is not necessarily inconsistent with our view thit 
when a lethal amount of toxin has been fixed and altered no amount of antitoxin 
avails to save the animars life, for Abel has shown that severe symptoms of general- 
ized tetanus may occur when sublethal amounts of toxin are givea It is hkely that 
when treatment was begun for this parbcular dog a lethal quanbty was not yet 
fixed in the central nervous system This experiment is of suffiaent importance to 
justify a brief account 

Each dog received one lethal dose (480 G-P LD50 s per kilogram) of tetanus 
toxin intravenously As the dogs became prone and exhibited frequent convulsions 
they were assigned alternately to one of three groups One group received anb- 
toxm intracisternally, one group received antitoxin intra\enousI>, and the third 
group received no antitoxin The animals in the first two groups were given 1 300 
units of antitoxin per kilogram at each injection If the animals survned, these 
injections were repeated at approximately twenty -four hour intervals to a total of 
fi\e 
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In tabic 5 \vc have sutnman/cd all the antitoxin experiments earned out on dogs 
in our laboratory Tins table includes animals which were given 480 to 2,400 G-P 
LDSO's of toxin per kilogram They were treated at various stages of the disease 
(from forty-eight to one hundred and sixt> -eight hours after introduction of the 
toxin) Some animals received as little as 1 unit ot antitoxin per kilogram, whereas 


Tablc 4 — I he Fnatmcnt of ^Idzanccd General Tetanus in Dogs 





eruge OLime of Death in Hours 

Route of Adiiiinistrutlon of 

Number of 

Number of 

After 

Injection of 

After 
Onset of 

Tetanus Antitoxin. 

Dogs 

Deaths 

Toxin 

Symptoms 

Intraclstcrnal 

4 

3t 

103* 

41* 

Intravenous 

4 

4 

345 

216 

Control—no tetanus antitoxin 

5 

5 

124 

8 0 


* Tiio unlujul ^\hlch survived Is not Included In these htures 
t A brief protocol of the surviving uniinul follows 
Alurcb 32, 11 a ui Rteched to\ia (2,500 G P LDeO’s) 

Beyiunini, erection of ears 

10, 11 a m TOsinus, stilT body fjuest ion able dii» temper Antitoxin 

0 p in Prone, clonic convulsions, received 07,000 American units oi 
Intruclstcrnally 

18. 10 a m Condition the same, received same dose of antltovm 

10. 10 a in Condition the same, received same dose of antitoxin 

20. 11 30 u in Condition the same, received samo dose of antitoxin 

21, 10 30 a m Condition the same, received same dose of antitoxin 
22 No longer having convulsions, can drinX still prone 

external opisthotonos The dog gradually recoverea 


Table S — Effect of the Route of Admimstraiion on the Therapeutic Efficiency 
of Tetanus Antitoxin m General Tetanus m Dogs*' 


Route of Administration of letanus Anti toxin^ 
Intravenous 



Intra 

Sub 

arachnoid 

Pius Horse 
Serum Intra 

Intra 


cisternal 

(Lumbar) 

cisternally 

venous 

Total number of animals 

70 

30 

20 

65 

62 

Number of deaths 

24 

11 

9 

Number of animals that died of 
tetanus 

17 

11 

8 

47 

Number that probably died of 
tetanus, although other 
pathologic conditions were 
present 

Number that died of other 
causes, having had no pro 
gresslon of the tetanus 

Gross mortality 

2 

5 

3i% 

3T% 

1 

43% 

2 

3 

80% 

Mortality from tetanus 

27% 

37% 

46% 

75% 


No 

rpjeatni^* 

ffith , 
Antltoxifl 

21 

21 


ioo7if 




* The dogs received from 480 to 2,400 (5-P of tetanus aoh 

venously The dogs treated received from 1 to 2*400 American im 
intervals of from 48 to 163 hours after the Injection of the toxm 

th*!^ if 

the maximum amount given was 2,400 units per kilogram in f 

excludes animals dying from other causes than tetanus, t e 20 

dogs which received the antitoxin mtracisternally was 27 per 20 

treated by lumbar mjection the mortality rate was 37 per late 

given antitoxin intravenously and horse serum the niortaI>t> ^ 

45 per cent, and in those treated solely by the intravenous 
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was 75 per cent All the animals not treated died of tetanus According to these 
figures the superiority of the intrathecal route is not so great as it is in the treat- 
ment of dogs suffering from early and moderately severe tetanus, yet they furnish 
conclusive evidence that the mortality among dogs dying from general tetanus is 
lowest when the antitoxin is administered intracistemally 

COMMENT ON CLINICAL REPORTS 

Clinicians have been sharply divided as to the desirability of giving 
tetanus antitoxin mtrathecally Wainwright,^ Gage and DeBakey ® and 
many others have advised against its use Golla ° and Calvin and 
Goldberg stated that no conclusions can be drawn from their expen- 
ence as to whether subdural injection of antitoxin is better than other 
methods of treatment Many authors have strongly advocated this form 
of treatment Recently Vener^ has described 75 consecutive patients 
treated with intracisternal injections, with a gross mortality of only 26 6 
per cent When he omitted the patients who died within twenty-four 
hours after admission to the hospital, the mortality was only 16 6 per 
cent It is difficult to derive sound conclusions from the clinical reports 
as to the best method of treatment, for the groups treated in the various 
ways are not capable of being compared Frequently authors have failed 
to specify the length of the incubation period, the interval before treat- 
ment, the severity of the disease when treatment was begun and the 
details of the treatment Besides the encouraging report of Vener, there 
has been published a paper of particular significance by Yodh, who 
treated 214 patients with tetanus in a group of 263 who were seen during 
a relatively short period He divided these patients into three groups and 
presented evidence to show that they were approximately the same with 
reference to the length of the incubation period, the absence or presence 
of a history of injury and the presence of a septic wound In the first 
group, 49 consecutive patients received small doses of antitoxin (20,000 
units) intravenously or intramuscularly Three of these patients also 
were given “lumbar subarachnoid injections ” In this group there was 
a gross mortality of 77 5 per cent cent, which was lowered 10 per cent 
when those patients who died within twenty-four hours after admission 
were excluded In the second group, 102 patients were given larger 
doses of antitoxin (averaging about 40,000 units) by the intravenous or 
the intramuscular route The gross mortality was 65 per cent, and 
when the patients who died within twenty-four hours after admission 
were omitted, this rate fell to 50 per cent Finally, the last 112 patients 
received the same amount of antitoxin as those m the second group, but 

8 Gage, M, and DeBakey, M Soutli Surgeon 4 246, 1935 

9 Golla, F Lancet 2 966, 1917 

10 Calvin, J KL, and Goldberg, A H Prognosis of Tetanus, J A if 
94 1977 (June 21) 1930 
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all of them were given it intracisternally as well as by other routes 
The gross mortality was 46 5 per cent, and when the patients who 
died wnthm the first tw’ent}-four hours were left out this figure fell to 
23 4 per cent 

Recently Dietrich has described the clinical picture of children 
dying from severe reactions following intravenous or intraastemal 
injections of antitetanic serum He stated that “it resembles certain 
phases of bulbar poliomyelitis, or some other disease with medullary 
pressure or edema ” In none of our animals has such a reaction 
occurred, nor has Vener reported fatal reactions in any of the 75 patients 
he treated by intrathecal injections of antitoxin Dietrich’s report con- 
tains no information as to the quantity'^ of serum used, the rate of admin- 
istration, the dilution of the injected antitoxin or the source of the 
serum He stated, however, tliat “the refinement of serums m the last 
few years has probably aided m reduang the number of severe reac- 
tions ” It IS our feeling that Dietrich’s observ'ations give a timely wam- 

against injudicious injection of antitetanic serum but that his data 
do not justify^ the abandonment of intravenous or intrathecal adiuimstrs 
tion of antitoxin 


GENERAL COMMENT 

The experiments w^hich form the basis of this paper indicate clearl) 
that in the treatment of dogs with mild or moderately severe tetanus 
intracistemal injections of antitoxin are far more effective than lutra 
venous ones These experiments in themselves do not warrant the 
of intracistemal injections for patients, but when considered with 
clinical reports of Yodh or Vener they furnish a strong argument for tie 
employment of this form of treatment It is highly desirable that a i ^ 
refined antitetanic serum be produced m order to minimize the se 
reactions described by Dietrich This may possibly be accomphs 
one of two ways First, ordinary antitetanic horse serum may e 
centrated and purified by the action of proteolytic enzymes, as has ^ ^ 
done with diphtheria antitoxin Secondly, human serum 
high titer of tetanus antitoxin may be produced by active inimuniz 
of human donors with tetanus toxoid This possibihty was 
gested, as far as I know, by Dr Clarence Hyland, of the Serum 
of the Children’s Hospital in Los Angeles Our experiments 
the efficacy of intracistemal and lumbar routes are suggestive 
conclusive Had we kept the animals in a position to cause a^ 
tional flow of the semm to the medulla, the apparent we 

with the two sites of injection might have disappeared Sum a 

11 Dietrich, H F Tetanus in Childhood, with Special Reference to 
ment, Am J Dis Child 59 693 (April) 1940 

12 Pope, C G Brit J Exper Path 19 245, 1938 
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not consider that our experiment, which was designed to evaluate the 
importance of the inflammatory reaction to foreign serum in the memn- 
ges, IS conclusive Additional studies with purified serum on a larger 
number of animals are necessary before this question can be settled 

SUMMARY 

Expenments are recorded which show that the mtraasternal injec- 
tion of antitoxin into dogs suflFenng from early, mild or moderately 
severe tetanus yields far better results than intravenous injection In 
animals with severe tetanus there is little difference in the results 
obtained by the various routes of administration of antitoxin, but the 
difference that occurs favors the intracisternal route 

Dr Austin Lament and Dr Hams B Shumacker Jr assisted m the per- 
formance of these experiments 



ORIGIN, EVOLUTION AND SIGNIFICANCE OF 
GIANT CELLS IN RIEDEL^S STRUMA 


EMIL GOETSCH, MD 

UKOOKL\ N 

le occurrence of giant cells or so-called pseudo giant cells ^vith 
c ironic nonspecific thyroiditis usually designated as Rieders struma 
een frequently noted since Riedel ^ described this disease in 1896 
n iis original report, how ever, no mention is made in the microscopic 
o servations of the presence of giant cells In a considerable number 
o subsequent reports the occurrence of giant cells in Riedefs struma 
ns been noted, but few studies have been made with the particular 
purpose of determining their mode of origin and evolution, their possible 
unction, if any, and their ultimate fate As a result they are little 
understood, and various unsubstantiated views have been expressed 
regarding their origin and significance The most common miscon- 
ception regarding their nature is that they are foreign body giant cells 
possessing phagocytic properties One unfortunate result of this assump 
tion has been to bestow on them a significance whicli cannot aid m ^ 
ultimate understanding of the etiologic factors and the true pathologic 
processes at work m the destruction of the thyroid gland assoaated witii 
Riedels struma Furthermore, the presence and supposed phagocyhc 
function of the giant cells described m many previous reports have led 
to mistaken diagnoses of tuberculosis, syphihs and carcinoma and to 
consequent misdirected therapy A recent case of RiedeFs struma ij 
presented, together with the pathologic observations m the thyroi 
gland, particularly as they relate to the giant cells, which were pre^^^ 
in large numbers It is m}^ purpose to interpret these obser^^ation . 
which are similar to those previously made in a considerable nui 
of personal cases, with the hope that the evidence submitted will cla ^ 
the true nature of the giant cells and thus eliminate one element of 
fusion in understanding of the basic pathologic processes at work i 
disease One should thereby approach somewhat nearer to tlm 
of this condition 

* I J I i 

From the Departments of Surgery of the Long Island College Hospit 
Long Island College of Medicine 

1 Riedel, B Die chronische, zur Bildung eisenharter Tumoreji ^ 
Entzundung der Schilddruse, Verhandl d deutsch Gesellsch f Clur 
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REVIEW OF LITERATURE 

Wilke - was one of the few authors who concerned himself specifi- 
cally with the origin and function of the giant cells associated with 
chronic nonspecific th} roiditis of the Riedel type He noted the occur- 
rence of giant cells supposedly produced by irritation of the colloid 
acting as a foreign body and described the apparent erosion of the 
colloid by them At times the giant cells were described as completely 
encircling a globule of colloid He expressed doubt that the giant 
cells are formed by coalescence of follicular cells and implied that their 
origin IS analogous to the formation of giant cells in the prostate, which 
he described as follows The follicular lining cells disappear as a result 
of pressure atrophy produced by the foreign body (concretions in the 
prostate and colloid in the thyroid), whereupon the foreign body exerts 
a stimulating or irritative action on the penacinar fibrous tissue with 
the resultant formation of giant cells He noted that as long as the 
follicular lining is intact and the foreign bodies he free in the lumen 
no giant cells are formed 

Creite ^ was influenced to regard as tuberculous the thyroid glands 
in 2 instances of apparently typical Riedeks struma because of the 
occurrence of intrafollicular epithelial giant cells not unlike those asso- 
ciated with Riedeks struma In fact, he designated them as intra- 
follicular tubercles This diagnosis was made m spite of freedom from 
tuberculosis elsewhere, the fact that the patients had completely recovered 
from operation and were entirely well five to five and one-half years 
later and the absence of necroses or typical tubercles 

A common conception has been that the giant cells are formed in 
response to foreign body irritation and possess phagocytic properties 
Thus Reist ^ reported 6 cases of Riedel's struma, in 1 of which he 
described epithelial giant cells in contact with, or surrounding, masses 
of colloid m a manner analogous to foreign bod}^ giant cells These 
cells were further described as sending out radiating offshoots into the 
colloid and thus possibly represented the beginnings of true giant cells 

Graham and McCullagh ° reported 4 cases of struma lymphomatosa 
(Hashimoto), a condition in some respects analogous to Riedel's struma, 
in 3 of which they noted the occurrence of giant cells of the foreign 
body type which were phagocytosing not only the colloid engulfed by 

2 Wilke Ueber Riesenzellenbildung in Thyreoidca und Prostata Virchows 
Arch f patli Anat 211 165, 1913 

3 Creite, C Ueber tubcrkulose Stnimen Bcitr z Uin Chir 78 *487 1912 

4 Reist, A Ueber chronische Thyreoiditis, Frankfurt. Ztschr f Patli 28 
148 1922 

5 Graham, A, and McCullagh E P Atrophy and Fibrosis Associated wiUi 
Lymphoid Tissue in the Thyroid (Struma Lymphomatosa Hashimoto) Arch Surg 
22 548 (April) 1931 
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them but the epithelial cellb By means oE injections of alcohol into the 
thyroid gland of the dog Olper “ produced epithelial giant cells denved 
from the follicular cells and resembling those seen in Riedel's strunia. 
He regarded them as resulting from foreign body irntaUon by the 
colloid, on which they were stated to have a phagocytic action Joll' 
emphasized what he stated to be the rare presence of foreign body giant 
cells in Riedel’s struma as compared with Hashimoto's disease and stated 
that the role of these cells is elimination of the colloid which cannot 
otherwise be absorbed 


A further view has been that giant cells are formed by fusion ot 
epithelial cells into protoplasmic masses which have phagocydic power 
Thus Kreuzbauer ^ reported the observation of giant cells filled wth 
colloid and apparently formed by the fusion of epithelial cells around 
degenerating colloid droplets, giving thus the appearance ot forei^ 
body giant cells whose function might be that of sphttmg up the coUoi 
Lee ® noted tlie occurrence of multinucleated giant cells in 8 ot the 
instances of Riedel’s struma reported by him and stated that ^ 
giant cells had an appearance strongly suggestive of fusion of fo 
epithelial cells around droplets of colloid on which they pto ^ 
exerted a phagocytic action, as indicated by their assumed 
colloid droplets In 19 cases of atrophy and fibrosis of the } ^ 
gland (Riedel's struma) collected from the hterature from 193 to 
and m 4 personal cases McChntock and Wright reported 
rence of foreign body giant cells to which they attnbuted p 
properties without recording evidences for this assumption 


reported from my service 7 instances of Riedel’s struma m ^ 
noted the occurrence of multinucleated cells which he designat 
giant cells, in apparent distinction from the true Langhans type 
cell, which he very rarely obsen^ed He thought he 
types of giant cells, one formed of a mass of colloid 
cells arranged about its periphery and the other compose o ^ 
of epithehal cells that had lost their cell definition and orme 
giant cells containing many nuclei 

6 Olper, L Riproduzione sperimentale di cellule giganti epitelial 

Spenruentale, Arch di biol 89 555, 1935 Hashmioto’’ 

7 JoU, C A. The Pathology, Diagnosis and Treatment of ti 
ease (Struma Lymphomatosa), Bnt J Surg 27 366, 1939 

8 Klreuzbauer, F H Die Thyreoiditis chronica 

der Riedelschen “eisenharten Struma,” Arch f Win Chir > 

9 Lee, J G Chrome Nonspeafic Thyroiditis, Arch Surg 

1935 „ . ctruma and 

10 Alcamtock, J C, and Wright, A W 
Lymphomatosa (Hashimoto), Ann Surg 106 11, 1937 

11 Eisen, D Riedel’s Struma, Am J Sc 192 
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REPORT OF A CASE 

F A , an American housewife aged 52 (fig 1 ), was admitted to the Long Island 
College Hospital Dec 4, 1939, complaining of enlargement of the neck and a 
feeling of tightness of the throat, nervousness, tremor and easy fatigue She was 
the mother of two healthy children Her general health had always been good 
She had had amenorrhea since oophorectomy and partial hysterectomy performed 
four years prior to entrance During the si>. years prior to her admission to the 
hospital she had been subject to attacks of sneezing and lacnmation due to some 
form of allergy Fifteen years before entrance she was told that she had an 
enlargement of the thyroid affecting principally the right side She was treated 
with iodine, with some apparent benefit At the same time she suffered with 
nervousness During the succeeding 3 ears her nervous condition improved, but 



Fig 1 — Photograph showing fulness of the neck due to diffuse enlargement of 
the thyroid gland (RiedeFs struma) 

she was always cognizant of a lump” on the right side of her throat A tickling 
hacking cough, some huskiness of the voice and considerable clearing of the throat 
had been noted for a number of years At no time had she suffered pain in the 
region of the thyroid, and there was no difficulty in swallowing There had been 
occasional periods of transient aphonia after considerable use of her voice Slight 
edema of the eyelids was often noted, but there was no protrusion of the cjes 
A tremor had been noted for five or six years There was no family history of 
goiter The menses began at the age of 13 years and were always normal The 
bowels were constipated During the year pre\ious to examination she was particu- 
larly conscious of nervousness, irritability and throbbing of the heart Her greatest 
weight two years prior to examination w^s 186 pounds (84 5 Kg) Her weight 
on admission was 168 pounds (76 Kg) the loss of 22 pounds (10 Kg) being 
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attnbutccl largely to restriction of diet She had paid little attention to her tlnroid 

Vrm iT admisMoii, hcii shc Suffered an attack of 

ri fi CO ( , after whieh the swelling in her neck enlarged and became 

nicy ten cr She bccaiiK fatigued more ca^ib, and the sensation ot con- 
striction of her throat lncrca^Ld 

E\ainiiiation show-ed her to be well developed and well nourished The skin oi 
iiLc an upper part of the chest was flushed and presented a reddish, mottled 
^pearanee A faint, wheezing “trachcar^ sound was heard on deep iibpirahon 

1C c>ci> were bright and had a staring expression, but there was no deiinite 
exop it lalnios Slight edema of the lower lids was noted The pupillar> reactioib 
were normal Examination of the mouth, throat and cervical lymph glands repealed 
no a normality The neck (o\cr the thyroid swelling) measured 34 5 cm in ar- 
cum ercncc A diffuse, moderate prominence of the tlnroid gland was noticeable, 
the greatest prominence being on the right side The o\erlying skui was free!} 
movable, on palpation the isthmus w'as found to be broadened and thickened, the 
obes of the thyroid were unusuall} firm and resistant, moderately tull and not 
tender, and their surfaces were slightly uneven The gland preser\ed its normal 
contour and appeared to be closely encircling the trachea Discrete nodules wea 
not felt A slight pulse was noted over the poles of the gland, but no detinite 
thrills or bruits were detectable A thin, rather firm p\raniidal lobe was fdt 
The Chvostek sign was negative There was a slight tremor of the extended 
fingers The skin was somewhat dry, and the hands and feet wxre cold 
reflexes were active The pulse rate w^as 102, and occasional extrasystoles 
noted The temperature and respiratory rates were normal The heart souni 
were of good quality and regular The abdomen showed a scar low in the niidlme 
but was otherwise normal The basal metabolic rate on December 5 w'as +k 
per cent The systolic blood pressure registered 162 and the diastolic 1-0 mm^ 
mercury The blood, urine and blood chemistry were normal 

The clinical diagnosis of Riedel^s struma or possibly Hashinioto’s disease 
made Operation was advised, and preoperative administration of iodine 
omitted 

Ope} atioii — Removal of tlie isthmus and the pyramidal lobe and partial bilatera 
resection of the lobes of the thyroid were performed by me on December 6 C> 
propane anesthesia was employed A low collar incision was made, whereupon* 
subcutaneous tissues were seen to be unusually vascular Dense adhesions 
noted between the pretracheal muscles which, in turn, were adherent to the cap 
of the thyroid gland, exposure of which was therefore somewhat difficult 
face of the thyroid presented a mottled pinkish white appearance A t nc ^ 
isthmus and a small, firm pyramidal lobe were noted The gland was 
times the normal size, it was unusually firm and resistant, and the 
were moderately well defined but were not elevated above tlie surface jp 

extracapsular fibrosis, the fibrous tissue partially enclosing tlie large 
neck, was noted The tliickened isthmus and a small, firm, wdiitish 
were adherent to the trachea, from which they were separated J 

difficulty On transection a creaking, gristly feeling was imparted to 
A bluish, thin-walled adenoma the size of a small olive was enucleate cr 

right uimer pole A tan nodule in the middle of the lobe and par ^ 

pole ga^tl^c appearance of a circumscribed area of old gland A t 

resection ^f the right lobe was done, a generous residue being eit 
middle and lower portions of the lobe A cystic cavit> the size ot ^ 

contaimng hemorrhagic fluid, was encountered Extensa e areas ot 
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fibrous tissue enclosing minute areas of light brownish gland and larger areas of 
atrophic-appearing gland were noted The cut surface bled freely, requiring many 
fine silk sutures for the control of hemorrhage Thereupon about one third of the 

of the Wm' '“""‘i ’ ^ remaining A lobulated colloid adenoma 

f left lower pole, about the size of a hazelnut, was enucleated The remaimng 

of the istlimus on the right side and the arteries at both poles of the gland 

oozinTof ‘he operation there was a tendency to continuous 

oozing of blood from cut surfaces 

hypersensitivity to operation, persisting from probable previous 
Iwer hyroidism, was noted in the definite blood pressure response during opera- 
tioi the systolic pressure rising to 236 mm of mercury and subsiding to 158 mm 
e en 0 t e operation There was a mild rise in the diastolic pressure 
iiie pulse rate m the afternoon following operation was 85 On the day after 
operation the highest temperature was 996 F The convalescence was normal 



Fig 2 Photograph of the pyramidal lobe, the isthmus and the resected portion 

o t le right lobe of the thyroid Note the oval adenoma at the left border of the 
Specimen 


The patient was discharged in good condition on December 16, ten days after 
operation The wound was thorouglily healed The basal metabolic rate ten days 
'ifter operation was + 3 per cent 

Pathologic Examination — The tissue remo\ed at operation weighed approxi- 
mately 21 Gm and consisted of a fairly large section of the right lobe of the 
yroid together with the isthmus, the pyramidal lobe and a small section of the left 
o e The larger specimen measured 5 5 by 2 5 b} 2 cm The pyramidal lobe was 
cm in length and 0 6 cm in thickness The resected portion ot the left lobe 
with a margin of isthmus measured 1 by 1 by 3 cm 

Gross Description The resected specimen (fig 2), which wa> whitish had 
prcscr\ed the normal surface contour of the th>roid The thickened capsule showed 
superficial irregularities, the vessels were distinct, and the gland was e\er\ where 
unusual!} dense, firm and slightly resilient 

On the glistening, frcshl> cut surface could be seen broad dense bands ot mter- 
acing white fibrous tissue enclosing small irregular areas ot light brown atrophie- 
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appearing thyroid tissue In the center of the specimen from the right lobe there 
was a discrete nodule of light brown colloid th>roid gland measunng 2 b\ 
1 5 cm in diameter, and in the right upper pole a discrete encapsulated nodule 
measuring 2 5 b} 2 b} 1 5 cm was noted (fig 2) On transection this nodule 
shouted a thin, white fibrous capsule enclosing a gelatinous tbsue consisting of 
small colloid c>stb and distended acini In the center of the nodule a large 
brownish blood clot was seen Fibrous tissue was stnkingl} absent m this nodule, 
w^hich presented a remarkable contrast wnth the dense fibrous tissue partialis sur- 
rounding it The resected portion of the lelt lobe presented a dense, whitish 
appearance and a general structure similar to that described for the right lobe. 
Here also small areas of tan-colored isolated islands of th}roid parenchjnia and 
one small colloid adenoma were seen embedded in the fibrous stroma. The pyramidal 
lobe w^as firm, irregular and whitish The left superior th}roid arteiy and its 
branch to the isthmus appeared sclerotic 

^Microscopic Description Sections w^ere made from a block comprehendmg the 
entire vertical length of the resected portion of the left lobe of the th}roii One 
was selected because of its characteristic pathologic features, which were repre- 
sentatn e of those in man\ other areas of the resected gland The loUownng staiib 
and procedures were emplo}ed in the preparation of the sections hematox}hD an 
eosin, Bensley’s ‘'acid fuchsm-methyl green” method for the demonstration^^ 
mitochondria , !Mallor} *s technic for staining fibrous tissues, and sudan iH 
study of fat 

The results of low^ power study were as follows Examination of the 
of the section show’^ed the capsule to be enormously thickened and compo> 
hyalinized fibrous tissue containing numerous minute blood vessels At 
corresponding to the upper pole of the thyroid, large, thick-w^alled \es3 ^ 
seen The stnking feature of the section w^as the enormous increase m 3 
sparsely nucleated fibrous tissue arranged in broad anastomosing 
divided the thyroid parenchyma into large and smaller isolated islands 
islands appeared to be lobules of gland, and the smaller islands appeare 
result of subdivision of lobules by the penetration of smaller strands o ^ 
tissue In the larger islands the acini ^"aned greatly in size, irom minute 
droplet of colloid) to moderate, in the smaller islands the aanar charact 
thyroid parenchyma was almost wholl}’’ lost accuiou 

The results of medium high powder study were as follow^s Small ^ el 
lations of lymphoid cells, without germinal centers, surrounding sma gection, 

were noted immediately under the capsule and here and there throughout 
particularly in the islands of isolated parenchyma Some of the larger ij 
composed of lobules of gland consisting of minute and moderate-siz 
separated b 3 ’- small bands of hyalinized connectne tissue The 
stained faintly red The follicular lining, composed of low^ cuboi ^ 3 

was smooth The nuclei were rounded, w^ere of uniform size 
moderate amount of chromatin In the relati\ ely 

tissue there was an absence of lymphoid cell infiltration » ^ ^ Jlie 

unusually cellular, and the interfollicular small \essels w^ere - 

erally cellular stroma, composed of dense fibrous tissue, encir 
many small islands of thyroid parench 3 Tna hardly recognizable as 
a considerable increase in the interacinar hyaline fibrous jj percept-' ' 

numbers of Ijonphocytes The blood vessels vere small an 

^.m J 

12 Bensley, R R Studies on the Pancreas of the Guinea Piff> 

12 308. 1911 
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The acini, some of which were empty while others contained globules of colloid, 
were of small and medium size They were lined by either flat or cuboidal epi- 
thelium or had almost completely lost tlieir identity Here and there in these 
isolated islands a few acini were seen, which appeared active in that the lining cells, 
provided with large, rounded, well stained chromatic nuclei, were large and low 
columnar, with granular protoplasm devoid of vacuoles or other evidences of 
degeneration In many of the acini the large follicular cells, with pink-staimng. 



Fig 3 — Photomicrographs of representative sections, A (X 85) and B (X 150), 
from the left lobe of the thyroid, showing desquamated follicular epithelial cells 
which ha\e fused to form multinucleated, protoplasmic masses (giant cells) 
Various stages in progressive degeneration of the giant cells are illustrated Note 
the similarity m appearance of the protoplasm of the giant cells seen in B and the 
follicular colloid shown in A Only an occasional atrophic follicle remains in the 
cellular, fibrous stroma typical of that found in Riedels struma (Hematoxylin 
and eosin ) 
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granulai c\toplaMn. lud separated irom their basement membranes and were des- 
quamating into tile lumens In tins process tlie follicular cells had otten imed 
o s>nc\tia niasbcs ot granular protoplasm contanung eight to ten or more dark- 
s aniing nuclei In other aeini the desquamated cells had arranged themsel\es 
aroun t ic periphcr} of the acinar colloid Thub in both in:jtance 5 the re:)iiltant 
appearances simulated early stages in the lormation ot giant cells In some oi the 
acini tie colloid contained discrete desquamated cells which were undergoing latu 
degeneration 


The results ot high power stud> were as follow^s Islands ot atrophic and 
degenerating thyroid follicles were demarcated b> interacinar fibrou:, stroma m 
w lie 1 groups of thyroid cells were still recognizable, though the} had lost their 
acinar character How'e\cr, the striking feature was the occurrence ot large num- 
ers of medium-sized follicles, the large lining cells of which had desquamated 
rom the basement membranes and had coalesced into definitel} granular, non- 
\acuolated, pink-staimng masses ot multinucleated protoplasm. The closel\ aggre- 
gated nuclei w^ere large, \esicular, round, o\ml or irregular and contained small 
amounts of granular chromatin and fairly w^ell defined nucleoli Occa:>ionalI} the 
nuclei of these desquamated cells had completely circumscribed the acinar globule 
of colloid In the interstices of the interacinar hyaline connecti\e tissue there were 
numerous lymphoid and epithelioid cells There were a few elongated connective 
tissue cells and occasional plasma cells Rare polymorphonuclear and a lew granular 
eosinophilic cells were seen In the stroma betw’^een the larger aani, minute, acm^' 
appearing thyroid acini composed of cells with columnar, nonhydropic, granular 
protoplasm could be seen These acmi were often empty or contained a mere 
droplet of colloid Other th} roid cells, in groups, had lost their follicular arrange 
ment and appeared atrophic The capillaries w'^ere congested and few^ 

The following transitional stages in the formation and degeneration of tlie gi^^ 
cells (figs 4 and 5) could be clearly recognized separation ot follicular cells irom 
their basement membranes and coalescence of the protoplasm and nuclei ot neigh 
boring cells into multinucleated syncytial masses , disappearance ot the aemor 
colloid, shrinkage of the protoplasmic masses wuth conglomeration of the nuclei 
and formation of typical-appearing ''giant cells” , the loss of acinar identit} ^ ^ 
result of ingrowth into the lumen of undifferentiated cells derued from the liniitm:, 
fibrous membrane of the follicle completely surrounding the atrophic gmnt tell 
and finally tlie virtual disappearance of the protoplasm of the giant cells and 
rhexis of tlieir nuclear aggregates, which then were hardly recognizable m a ma^e 
of undifferentiated cells and fibrous tissue Details of formation, degeneration 
final disappearance of the giant cells were as follows 


At the beginning the follicles were partly or completely filled with pink-staimHo 
homogeneous colloid and w^ere lined by active-appearing cuboidal cells with 
lar protoplasm The nuclei were rounded or oval and densely stained (fe 
The colloid was often shrunken away from the lining cells 

Occasional follicles were noted in which all or the majority of the large lolnc ^ 
cells had separated from their basement membranes, incidentall} lo:.ing their ^ 
vidual cell definitions They had fallen in the lumens and thereupon, b> 
accident, surrounded a central mass of colloid (fig 4 b and c) The protup*^^ 
of these rather large cells appeared finely granular and nomacuolated, ^ 
nuclei w’^ere rounded or oval and appeared sw^ollen The> were relafci^^ ' 
because of the small amounts of chromatin which they contained In 
basement membrane of the follicle w^as devoid of cells, at other points 
nucleated protoplasmic crescents were seen still clinging to it 


In aoni*. 
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where the follicular lining cells had desquamated, there was replacement by several 
lajers of undifferentiated cells derived from the basement membrane and infiltrated 
between the protoplasmic masses (fig Ad and /) 

Other follicles were then noted in which the desquamated cells had fused into 
small syncytial masses of pink-staimng protoplasm containing large numbers of 
fine granules (mitochondria) The nuclei of tliese fused cells arranged themselves 
peripherally about masses of protoplasm, thus simulating the appearance of small 
thyroid acini (fig Ae) In some instances the compact nuclei were embedded in 
small, conglomerate masses of protoplasm (fig 4/) Central globules of homo- 
geneous-appearing colloid were occasionally seen to be quite isolated from the 
adjoining masses of fused follicular cells (fig 4 c) There was no evidence of 
phagocytic activity by these protoplasmic masses, which did not contain colloid 
droplets or cellular debris The adjoining colloid similarly failed to give any 
appearance of being phagocytosed (fig 4 b and c) The nuclei of the syncytial, 
protoplasmic masses appeared fairly large, they were rounded, oval or irregular 
and contained a relatively scant amount of chromatin In several acini layers of 
undifferentiated nonepithehal cells had overgrown the basement membranes and 
were infiltrating the protoplasmic masses (fig 4/) 

A furtlier stage of transition was noted in the coalescence of these protoplasmic 
clumps into irregular, bizarre, syncytial masses containing twenty or thirty closely 
aff^egated pyknotic nuclei (fig 5 ^ and h) The protoplasm appeared coarsely and 
finely granular and without vacuoles, colloid or cellular debris The appearance 
now approached that of huge giant cells (fig 5 h, i and j) The central globule 
of acinar colloid, when present, appeared homogeneous, in distinct contrast with 
the granular protoplasm of the giant cells, which gave no appearance of phago- 
cytosing the colloid Often the nuclei, which were in many layers, arranged them- 
selves in crescents bordering one side of the lumen (fig 5;) 

In the further evolution of these syncytial giant cell masses it was noted tliat 
their protoplasm was becoming scantier but that in most instances its finely granular 
character was preserved In rare instances the protoplasm contained lipoid globules 
The central small mass of protoplasm with peripherally situated nuclei gave the 
appearance of minute acini (fig Sk) The colloid had disappeared The original 
follicles were still defined by the basement membranes, which were faintly visible 
(fig 5^ and /) Some of these small acini were overgrown by masses of compact, 
undifferentiated cells with scanty, nongranular protoplasm and oval, rounded or 
irregular, deeply stained nuclei This undifferentiated, nonepithehal tissue, in which 
the giant cells could be readily distinguished, partially or completely filled the 
follicle, thus incidentally surrounding the giant cells (fig Sk and /) Here again 
there was no evidence of phagocytic activity on the part of the giant cells, the 
protoplasm of which showed no inclusions of foreign material 

Other syncytial giant cell masses were then noted, in which increased numbers 
of fat droplets began to appear and in which shrinkage and partial disappearance of 
the protoplasm had occurred, with consequent coalescence of surviving nuclei into 
dark-staining, dense, pyknotic nuclear aggregates From ten to thirty nuclei could 
be counted in a single giant cell (fig 5; k and /) The nuclei were oval and 
atrophic appearing and contained finely granular, poorI> staining chromatin The 
outlines of the follicle could scarcely be recognized because the lumen had been 
completely filled with undifferentiated celU, embedded in which die caiil> reeog- 
nized nuclear aggregates of die giant celU could be seen (fig SI) rinallv die 
idcntit) of the follicles was almost or wholly lo^t The giant cells at thib stage 
were almost devoid of protoplasm and that remaining was spoiig> nongranular 
and poorl> stained and contained nunle^ou^ lat droplets (sudan III) The p>kuotic 




in the life of the illustrating the gradual transitional slag" 

group of active-appearine- foll.^?”’ disappearance Note t '■ 

cells with loss of cell definiim swelling and fusion of ad]Oiiiir^ 

the basement membrane and ^fh separation of the fused follicular celh inj 

tion of protoplasmic ma desquamation into the lumens (c) , the lonr 

nuclear aggrTgat^ m the ^ nuclei (d and r). ord r/ 

tration of undifferentiated masses, between which there is an i- 

nectue tissue (f) nnective tissue cells derived from the pen acinar o- 





S — Photomicrographs (x 200) showing the more clearly defined, multi- 
nuclcated protoplasmic masses which assume the appearance of giant cells of \arious 
sizes and bizarre shapes (g and h) , shrinkage of follicles and condensation of 
nuclear aggregates (i) , crescentic massing of nuclei on one border of the lumen 
and overlying a mass of protoplasm (;) continued degeneration and shrinkage of 
the giant cells (/fe), and their Mrtual disappearance in a compact mass of undif- 
ferentiated and connects e tissue cells and l>mphoc>tes which fill the follicle (/) 
No e\idences of phagocytosis of colloid or cellular debris were seen in an> of the 
aforementioned stages 
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nuclei, u recognizable as separate structures, were shmeled, elongated or irregular 
They coutaiucd httlc chrountu; and showed poor stauwng affinity for heraatoxjluu 
At this stage reinnantb of the giant cells at times appeared to he in the stroma 
outside the folhelcs whereas in the prcMOus stages described the giant celL had 
been definitely within the follicles UndifTerentiated, irregular masses of granular, 
chromatic material wxre seen, in which, at times, outlines of nuclei could be recog- 
nized rinally the follicle was completely obliterated by the oiergrowth ot con 
nectue tissue In none of these later stages were evidences of pliagoc}"tosis noted 
Alorcover, the stages of transition in the formation of the giant cells could be 
recognized in iolhclcs in wdiich there was no colloid or cellular debn:j to phago- 
evtose (fig S(j, h and i) 


COMMENT AND SUMM \R\ 

Fiom this study of follicular degenerative changes wdiich occur in 
the thyroid gland m the presence of RiedeTs struma it is clear that 
certain conclusions wdneh have been drawn from reported microscopic 
obser\ ations and which concern the occurrence, origin, manner of forma- 
tion and functional significance of the so-called giant cells are in need 
of revision It is essential that one be clear as to the nature ot tii 
giant cell in order better to understand the destructne patliologic 
processes in Riedel’s struma Two conceptions are prevalent, one 
fundamental pathologic conception, the second indefinite and coiifusina 
Thus, in one the giant cell is considered a poly nucleated, sync\ tial nia ^ 
of protoplasm possessed of phagoc}tic properties and denied pos^' 
from the reticuloendothelial system, or at an}'^ rate mesoblastic m 
(MacCallum In tlie second conception it seems that 

glomerate, polynucleated mass of protoplasm, regardless of its o a ^ 
or apparent function, has been designated as a giant cell, and 
of true giant cells have been assumed Because of lack of unders 
as to the true nature of the giant cells in Riedel’s struma, certain pr 
observers have applied to them the term pseudo giant c ^ j-epori? 
revealing just what is implied by this term I have found 
of microscopic obseiw^ations dealing to any extent wnth t le 
giant cells Often no mention is made of their occurreiice^^ 
authors content themselves wnth mere mention of their occur 
others describe them as foreign body giant cells and assume 

phagocytic properties Thus 

Two views ha\e been expressed as to their origin ^ pe 

stated tlie opinion that after desquamation and disappeara ^ 
follicular epithelium the colloid remaining in the acinus prod''*-'’ 

body irritant on the surrounding connectue tissue an 
an irritative hyperplasia wnth formation of giant cells w 
phagocytose the colloid A limited number of other oi ' 

gested that the giant cells probably arise b) a process o - 

W G Textbook of Pathologj, ed 6, Pinladdp 
Saunders Companj, 1937, pp 156-160 
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desquamated follicular cells As a result of studies reported here I 
believe that it can be stated that the origin and evolution of the giant 
cells are invariably anteceded by degenerative and desquamative changes 
m the follicular epithelial cells, which thereupon lose their cellular 
identity and fuse with their neighbors to form the commonly observed 
syncytial, multinucleated masses of protoplasm As a result of nutri- 
tional disturbances and further degeneration the protoplasm of the 
giant cells becomes scantier, thereby causing the nuclei of these cells 
to coalesce into conglomerate nuclear aggregates characteristic of the 
eventual giant cell It has been possible to trace unquestionable transi- 
tional stages in this process No evidence has appeared to support the 
view of Wilke, in fact, there are evidences to the contrary, such as the 
fact that the initial fused protoplasmic masses appeared before the epi- 
thelial cells had disappeared and before the lining cells had altogether 
left their basement membranes and had thus exposed the connective 
tissue to the irritative action of the colloid Furthermore, these early 
stages in the formation of the giant cells were visible in aam entirely 
devoid of colloid, which had disappeared without the assumed phagocytic 
action of the giant cells 

The idea that these giant cells arise in response to foreign body 
irntation of the colloid which they subsequently phagocytose seems in 
the light of the observations reported here to have been incorrectly 
assumed by earlier authors and merely to have been accepted and 
repeated by subsequent investigators The basis for this assumption 
has been the reported inclusions in the protoplasm of the giant cells 
of cellular debris or colloid globules In the present studies, as also 
m previously observed cases, no evidences of such inclusions of either 
foreign material or colloid have been observed 

Since, as has been shown here, the giant cells are derived from 
coalesced masses of degenerating, desquamated follicular cells which 
are m the process of destruction for probable nutritional reasons, it 
seems unwarranted to assume that they have a phagocytic power If 
this theory were correct one would be forced to assume that degenerating 
secretory epithelial cells have acquired the power to engulf and dissolve 
foreign material, a function reserved for cells originating in the reticulo- 
endothelial system or, at an> rate, restricted to mesoblastic tissues No 
evidences were found of phagocytic action on the colloid, which could 
be distinctly difterentiated from the protoplasm of the giant cells with 
such stains as Mallory’s connective tissue stain and in tlie acid fuchsin 
method for the demonstration of mitochondria (Bensley Thus, with 
the former staining method the colloid was bright orange, whereas the 
giant cell was light violet or purple This differential staining would 
readily disclose globules of colloid, if present, in the protoplasm of the 
giant cells In rare instances the nuclei were grouped penpheralh 
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b^eLhTl" ““M 

fnll f 1^'^ accidental circumscription of the colloid by the 

oil cular lining cells which had fallen into the lumen This iLld 

„ll ' u? o “‘i'^ ‘ conclusion that the colloid was engulfed by the giant 
f ^ I ^ technic for the demonstration of mitochondna it was 
oun at t le protoplasm of the fused masses always contained mito- 
c ion na granules similar to those present m the follicular cells before 
esquamation, whereas the colloid was always homogeneous and 
quite eyoid of these granulations Colloid and protoplasm were thus 
rea i y istmguishable No homogeneous colloid bodies were seen in 
t e protoplasm of the giant cells, and it was thus possible to contradict 
t e occurrence of colloid globules undergoing phagocytosis In the 
or mary hematoxylin and eosin preparations confusion might readily 
arise because of difficulty m differentiating between colloid and the pro- 
top asm of the giant cells due to the similarity in staining reactions and 
the absence of definitive demonstration of mitochondrial granules 
The giant cells were particularly numerous in the degenerating fol- 
licles occurring m the areas of densest fibrosis and consequent greatest 
nutritional disturbance and were never seen in the more nearly norinai- 


appearing areas of thyroid parenchyma This fact supports the concep- 
tion that they are the result of injuiy followed by desquamation and 
fusion of follicular cells which are on the road to chsintegration The} 
do not show the viability one would expect from vigorous, newly formed 
giant cells formed for the purpose of phagocytosis The fact that the) 
have been assumed to be foreign body cells with phagocytic properties 
has often rendered difficult the differential diagnosis of Riedel's struma, 
for their presence has led to erroneous diagnoses, such as tuberculosis, 
syphilis or even carcinoma, and to consequent incorrect treatment ' 
is forced, finally, to conclude that the giant cells are structures origmaij 
formed by fusion of desquamated follicular cells, which by 
shrinkage of their protoplasm cause nuclear conglomerates characteris^^^ 
of the late stage of giant cell formation , that they do not have 
properties and that they are structures of no functional signihca”*-^ 
are simply follicular cells on the road to destruction and disappear 
in the mass of undifferentiated cells which, in the end, fih an 
obliterate the follicle If one excludes phagocytosis by the gian 
one will approach more nearly the basic pathologic processes 
for the destruction of the thyroid parenchyma associated with ' 


If by the term giant cells one understands a syncytial, iiiuhinut^ ^ 
mass of protoplasm derived from the reticuloendothelial 
hence mesoblastic and possessed of phagocytic ^ 

tion giant cells for the multinucleated masses of «• • 

Riedel’s struma should be abandoned The term pijcu o » 
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implying, as it does, that the structure is not a true giant cell m the sense 
indicated, might be a more appropriate term Multinucleated cellular 
aggregates is a cumbersome term but is more descnpti\fe and is not 
misleading 

CONCLUSIO^S 

1 The so-called giant cells associated with the nonspecific thyroiditis 
designated as Riedel’s struma are formed by fusion of follicular epithelial 
cells into multinucleated, sync}i;ial masses of protoplasm which are 
desquamated into the lumen of the follicle 

2 These giant cells represent secretor}'' thyroid cells which are on 
the way to destruction, as is indicated by the readily recognizable transi- 
tional stages m their progressive degeneration, final disintegration and 
eventual disappearance 

3 The observations reported indicate that the protoplasmic giant 
cell masses seen m Reidel’s struma do not possess phagocytic properties 
as has heretofore been generally assumed and should therefore not be 
considered true foreign body giant cells 

4 Ultimate understanding of the etiologic factors causing the 
destruction of the thyroid parenchyma in cases of Riedel’s struma will 
be advanced by realization that the so-called giant cells represent merely 
a first stage in the disintegration and disappearance of the thyroid 
epithelium They are not causes but rather effects of the as yet obscure 
destructive influences operating in this disease 
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The remarkable development of surgery of the chest has greatly 
increased interest m mediastinal tumors The removal of such tumors 
IS now a common event In general it has been my own custom as well 
as that of others to explore, with the idea of removing them,* those which 
have not responded to roentgen irradiation, unless they are considered 
to be aneurysms An unexpected experience in operating on 2 patients 
with aneurysm of the ductus arteriosus who did not give positive evi 
dence of aneurysm has made me think that the experience should he 
recorded This record seems especially desirable because, on the basis 
of these 2 cases, it would seem as if many of the features are sufficient y 
characteristic to make one at least suspicious of the presence o a 
aneurysm of the ductus arteriosus even when no pulsation can be ma 
out These features will be discussed later 

Although aneurysm of the ductus arteriosus itself is a rare condit ^ 
judging from the number of reported cases, it is probable that eca 
of the great interest in thoracic tumors aroused by the modern " 
ment in surgery of the chest, thoracic surgeons will encounter 
dition much more often than the scanty literature on the subject w 
indicate Moreover, m addition to the cases of actual 13 

ductus, there are many more cases in which an unobliterated 
associated with an aneurysm of the pulmonary aitery It 
able, therefore, that those who are interested in thoracic tumors ^ 
be aware of the existence of these aneurysms and of some 
striking characteristics 

Bronson and Sutherland^ found in the literature j-jaan'* 

5 cases of aneurysm of the ductus arteriosus D’Aunoy an 

(lie 

From the Department of Surgery of Washington Unuer^aj 


j ^ Aneurisms 

1 Bronson, E , and Sutherland, G A Ruptured Aortic Anea 
hood, with the Report of a Case, Bnt J Child Dis 15 -4 . 

2 D’Aunoy, R , and von Haam. E Aneurysm of the Bu 
Patent Ductus Arteriosus (Botallo’s Duct), J Path Sc uac 
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however, in 1934 were able to collect 18 cases of aneurysm of the pul- 
monary artery associated with an open ductus arteriosus and they added 
2 cases of their own Costa ^ found that m 46 5 per cent of all patients 
\vith aneurysms of the pulmonary artery congenital defects were present 
and that the most common defect was a persistent ductus arteriosus (20 
per cent) Recognition of the possibility of an aneur}sm either of the 
ductus Itself or of the pulmonary artery as a complication of a patent 
ductus not only serves to emphasize the diagnostic confusion which may 
arise but adds another seldom mentioned argument in favor of surgical 
closure of recognized patent ductus, ‘especially since Gross and Hub- 
bard ^ have demonstrated the comparative safety of such an operation 

These aneurysms in the majority of cases occur in young adulthood, 
but they may occur even in advanced age In Weischer^s ® case the 
patient was 82 years old and had a saccular aneurysm of the pulmonary 
artery IS cm in circumference, associated with a patent ductus It is 
easy to imagine that a vestigial structure like the ductus, which probably 
has but little tendency to increase in size with the growth of the body, 
might become stretched out into an aneurysmal sac if exposed for many 
years to the pressure of the blood in the aorta It is astomshmg that 
this complication is not more common in cases of patent ductus than it 
actually seems to be In the cases of aneurysm of the pulmonary artery 
associated with a patent ductus the most commonly proposed explana- 
tion IS that the wall of the artery at the site where the aortic blood strikes 
it IS weakened, becomes sclerosed and then yields to form an aneurysm 

REPORT OF CASES 

Case 1 — A white man aged 31, an engineer for a gas company, was admitted 
to the Barnes Hospital on Dec 16, 1936 He had been referred by Dr James 
Pittman, of Houston, Texas 

He stated that for the past five or six years he had had a hacking, nonproductive 
cough and had noticed a slowly increasing dyspnea on exertion About two weeks 
previously he had suddenly expectorated about a tablespoonful of liquid dark 
blood, without cough On the next two or three mornings he coughed up sputum 
streaked with small amounts of clotted blood Roentgen examination at that time 
revealed a mediastinal tumor He had noticed for about a >ear before coming 
to the Barnes Hospital thdt he became tired easily, especial^ after such exercise 
as swimming or strenuous work 

The previous illnesses consisted of meningitis at 2 3 ears of age pertussis 

at 6 >ears, and operation for hernia and removal of the appendix in 1924 Ph>sical 

3 Costa, A, cited by D'Aunoy and von Haam - 

Gross, R E , and Hubbard, J P Surgical Ligation of Patent Ductus 

Arteriosus Report of First Successful Case, JAMA 112 729 (Feb 25) 1939 

5 Weischer, P cited b> D’A.uno> and von Haam- 
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examination revealed nothing important or significant except in the thorax No 
abnormal heart sounds were detected Roentgen examination of the chest showed 
a large rounded shadow, approximately 10 cm m diameter, projecting to the 
left of the aortic arch and filling the upper third of the left lung field The aortic 
arch was dislocated to the right, as was the trachea There was a dense ring of 
calcification which practically surrounded the tumor, which in the lateral view 
was seen to he anterior to the spine and close to the anterior wall of the chest 
The trachea was dislocated anteriorly by the tumor The film taken after injection 
of iodized poppyseed oil showed dislocation of the trachea to the right and dis- 
placement of the bronchi of the upper lobe laterally and downward by the tumor, 
with none of the opaque material overlying the region of the tumor The films 
of the spme showed no evidence of a destructive process involving the bony cage 
The roentgen diagnosis was mediastinal tumor (dermoid cyst) with cardiac and 
tracheal dislocation, although it was recognized that the location of the tumor, 
posterior to the trachea, was unusual for a dermoid cyst 

The electrocardiogram was normal Fluoroscopic examination showed no 
pulsation of the mass Examination of the blood and of the urine revealed no 
abnormality The Wassermann and Kahn reactions were negative, as was the 
result of a fixation test for echinococcus disease 

On December 19, with intratracheal cyclopropane anesthesia, the patient was 

operated on An anterior incision in the fourth left interspace was made. The 

second, third, fourth and fifth costal cartilages were divided, and the pleura ivas 
entered The upper part of the left lung was found to be rather firmly adherent 
to the tumor but was separated from it by dissection with the finger The tumor 
itself felt very firm It presented on its left lateral aspect an area about the 
size of a half-dollar which was slightly yellow and calcified No sign of fluctua 
tion was elicited m the tumor, and it seemed, therefore, to be semisohd rather 
than cystic It was so firmly attached to the surrounding structures that it 
immobile The mediastinal pleura was dissected free from the mass on the ^ » 
but no satisfactory mobilization of the tumor could be made Certain anatomic 
abnormalities were noted, such as an unrecognizable aortcu The impression 
received that perhaps the tumor was a malignant teratoma which had inva 
the surrounding tissues It seemed, however, that perhaps some relief of pressure 
might be obtained by opening the tumor and removing its contents According | 

an incision about Yz mch (12 cm) long was made in its left anterior a ^ 

aspect Yellowish putt>-like contents bulged out of this incision 
swishing sound was heard, caused by a terrific hemorrhage from the tumor, m 
was like a blow-out An attempt was made to arrest the hemorrhage by 
but the tissue was so friable that the tumor was torn, and the hemorrhage c 
not be arrested by that method The patient's blood pressure rapidly ^ 

a point where it could not be recorded, and the heart practically stopped ^ 
Blood was available m the operating room, and fluid was already going 
vein m the foot A blood transfusion was, therefore, started 
1 cc of epinephrine hydrochloride was injected into the muscle of 
and the left ventricle Moreover, massage of the heart was started, an m 
two minutes it began to beat more forcibly During the time that^t 
pressure was very low the hemorrhage from the tumor had practica y ^ 

A hasty exploration with the finger revealed that there was almost 
aneurism Mattress sutures of no 2 chromic catgut were passed rapi 
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an acacia the patients blood pressure returned to 170 It seemed thai- h 

in^'thVu? sausfactory, and the wound in the chest wall was be.ng'closTd' 

minute ITh^'T his respiration ceased, and within about one 

mmte his heart stopped beating Efforts to revive him again by the stS^e 

r. mtn'Z! “T. ='“-»"Sh U„re tad tad„ .o h Jorrtai™ 

Swmorv^d r / tta. Ih. p.„„, p„b,Up M 

ry and cardiac centers Death occurred on the table 

witiy'L";eTrhHr®"°''' aor^c arch 

w II the left subclavian artery as the last mam vessel coming from the arch 

wound oTr kft obliterated ductus arteriosus. (3) recent thoracotom; 

d on tlie left, with incision and suture of the wall of the aneurysm , (4) left 



ane^'^ ^ anteroposterior film The calcified penphery of the 

of Plainly seen B, lateral view, slightly retouched to show the position 

G achea in relation to the aneurysm 


arterv collapse of the left lung, (6) embolus in the nght vertebral 

rhaff junction with the left artery, (7) multiple small hemor- 

(9^ ^ myocardium, (8) moderate hypertrophy of the left \entncle, 

edema, (10) patent foramen ovale, (11) old right inguinal 

'^iJcranve scar 

— A large tumor was observed occupying the ape\ of 
UD^ pleural cavity, pressing into the root of the neck and compressing the 
agm ^ downward and baclavard Aledially the tumor pressed 

pass”^^ trachea and caused it to deviate slightly to the right Instead ot 
^©ssing anterior to the trachea and dippmg down behind the left bronchus tlie 
its^ ^ P^sed to the right and behind the trachea and esophagus and then followed 
normal course along the vertebral column It was also noted that the first 
of come off the arch was the left internal carotid After remo\aI 

c thoracic organs it was seen that the large tumor was attached to the 
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arch at the level at which it became continuous with the thoracic aorta The tumor 
was roughly spherical, with indentations at points where resistance had been 
encountered Three diameters were measured and were recorded as 11, 8 and 
7 5 cm , respectively The tumor had a somewhat rubbery, elastic feel and a 
covering which was formed of a thin plate of irregularly calcified tissue. Pos- 
teriorly and medially the tumor had rested on the bodies of the upper thoraac 
vertebrae, and here it showed a slight indentation The bodies of the thoracic \er- 
tebrae had been noticeably eroded by the pressure of the tumor 

The aorta was opened along its lesser curvature, and there ^vas a arcular 
opening 2 cm m diameter which communicated directly with the tumor mass 



Fig 2 (case 1) — Photograph of the autopsy specimen The large 
the left lung and ne\t to the trachea is the aneurysm The abnorm 
of the aorta on the right side is clearly seen For evidence that t e ^ 
involved the ductus arteriosus, see the text 


This opening had rounded, smooth margins covered with endothelium 
passed into a large cavity filled with an old laminated, partially bro ei 
clot The opening lay just below the exit of the left subclavian t 

arch The subcla\ian artery coursed up along the anterior surface o 
to enter the root of the neck, but, although it was close!) adherent 
It did not communicate with it The mUmate connection to and direc^^^^^^^ 
tion with the aorta plus the character ot the tumor wall r" 

indicated that this was an aneur\sm An attempt was made 
origin of the aneur)sm 
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The aorta arose in the normal manner from the left ventncle, but the arch 
was formed chiefly by tJie right arch instead of the left arch The left arch had 
disappeared except for the very small segment to which the left subclavian artery 
was attached (fig 2) The right arch, which normally drops out in embryonic 
life, was retained in its entirety The left common carotid, nght common carotid 
and nght subclavian arteries arose in that order from the right aortic arch The 
pulmonary artery left the right ventricle in the normal manner and divided into 
the right and the left pulmonary artery On the anterior superior surface of the 
proximal portion of the left pulmonary artery was the small, partially obliterated 
stump of the ductus arteriosus This stump had been severed either at operation 
or at autopsy and appeared as a short fibrous cord arising fiom the wall of the 
pulmonary artery However, if the tumor was placed in the position it had 
originally occupied the fibrous cord was shown to he adjacent to a small saccula- 
tion arising from the tumor At the apex of this small sacculation there was a 



Fig 3 (case 2) — A, anteroposterior laminogram B, lateral laminogram The 
aneurysm and the trachea have been retouched to show more plainly the position 
of the aneurysm as posterior to the trachea 

fibrous nodule which corresponded to the fibrous cord arising from the pulmonary 
artery The apex of the sacculation was cut off, and a short tube was observed 
about 5 mm in diameter, leading directly into the aneurysm From these 
observations the conclusion was reached that the aneurysm involved the ductus 
arteriosus The pulmonary arterial end of the ductus was obliterated and was 
represented merely by a fibrous cord However, this fibrous cord shortI> opened 
up into a definite tube, which was about 1 cm long and which entered a large 
saccular aneurysm This aneurysmal sac in turn communicated with the arch 
of the aorta just below the exit of the left subclavian artery and m the region 
where the ductus arteriosus had communicated with the aorta in fetal life The con- 
clusion, then, that this was an aneurysm of the ductus artenosus was inescapable 
The heart was of normal size and none of the chambers appeared dilated or 
hypertrophied The foramen ovale was open but a septum was present which 
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practically co\crcd the opening Tin. re wa^ no patent intraventricular septum^ 
but the septum was ve'f} thin In the leit ventricular in>ocardiujn there were 
several small areas which were heinorrlngic and had a soft leel No blocks were 
observed m the larger divisions of the coronar> vessels, but it was thought that 
these areas might represent earl> infarction caused bv emboli in the small branches 
of the artery The coronary vessels showed no sclerosis There were no lesions 
of the endocardium or of the valve cusps 

Case 2 — A white man aged 27, a miner, was admitted to the Barnes Hospital 
June 12, 1939 The chief complaints were wheezing spells, shortness ot breath 



Fig 4 — Roentgenkyraogram which was interpreted as not 
pulsation of the tumor 


showing the e\p^ 


on exertion and cough following exertion He was inclined to date 
from an automobile accident seven years ago, as a result of which he 
teeth, bruised his knees and received a blow on the chest He is \0 

however, that any ribs were fractured as a result of the accident ^ 
months later his mother noticed that he wheezed after exertion. This 
increased to such an extent that he was not able to work or to fie 

required exertion Occasionally he had a strangling sensation 
no complaint, and his general appearance was that of a normal >oung 
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Examination — The only significant feature^ revealed b) the examination were 
those concerned with the thorax, particularly the roentgen picture The patient 
was examined with ordinary films, with Potter-Bucky films, with roentgenkymo- 
grams and finally with laminograms (figs 3 and 4) Overlying the upper border 
of the heart at the level of the pulmonary conus was a rounded, pedunculated 
mediastinal tumor which lay anterior to the spine and posterior to the trachea 
The pedunculation of tlie tumor seemed particular!) evident in the lateral lamino- 
grain, and tlie pedicle seemed to be attached to an intervertebral arch The heart 
was within normal limits The pulsation which was noted in the tumor was 
considered on the basis of the roentgenkymogram to be transmitted rather than 
expansile. No abnormal heart sounds were heard The diagnosis from the electro- 
cardiograms was sinus bradycardia with auricular premature beat The pulse 
rate was 70 The blood pressure was 133 systolic and 83 diastolic The blood 
count, urinal) ses and determinations of the \alues for blood sugar and urea 
nitrogen revealed no abnormality The Kahn reaction was negative The vital 
capacity was 4,350 cc 

Because of the apparent pedicle of the tumor and the fact that no expansile 
pulsation was seen it was felt that the most probable diagnosis was tumor of the 
posterior part of the mediastinum, perhaps neurofibroma 

At operation on June 15, a posterior thoracotomy was made by elevating the 
scapula and dividing the posterior portions of the fourth, fifth and sixtli nbs 
In the arch of the aorta a tumor about the size of an orange was seen, filling 
the entire concavity of the arch of the aorta The tumor was clearly wedged 
m between the aorta and tlie pulmonary artery The mass seemed to pulsate 
synchronously with the aorta It was felt, therefore, that it must be an aneurysm 
In order to prove the diagnosis a small needle on a hypodermic syringe was 
inserted into the mass, and arterial blood was withdrawn readily through the 
needle. Because the aneurysm was in the anatomic location of the ductus arteriosus 
and because of the similarity of this case to case 1 it was felt that the aneurysm 
was one of the ductus arteriosus For fear of rupturing the sac no further 
dissection was earned out, and the thoracotomy wound was closed without drainage 

The patient recovered satisfactorily from the operation Information received 
from him seven months later stated that his symptoms were about the same as 
before the operation 

Comnient — It is realized, of course, that positive proof that the 
aneurysm in this case originated in the ductus arteriosus is lacking with 
out the demonstration of an opening of the ductus into the sac On the 
other hand, the diagnosis seems 'to be the most probable one The 
question as to whether the automobile injury seven years previously had 
anything to do with creation of the aneuiy^sm seems to me relatively 
inconsequential If the patient had a patent ductus arteriosus at the 
time of the injury it is not unlikely, perhaps, that trauma to the wall of 
the ductus might have hastened the development of the aneurysm On 
the other hand, it would seem unlikelv that so insignificant a trauma as 
one which failed to fracture any nbs would have resulted in a buflkient 
injury to the aorta itself to cause an aneurysm of the arch 
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GCNLUAL COMMENT 

In retrospect, on the basis of these 2 cases it would seem that certain 
common findings stand out as features which would strongly suggest the 
possibility of an aneurysm of the ductus arteriosus The most important 
diagnostic feature is the location of the tumor m the superior mediasti- 
num, in the region of the pulmonary conus and lying posterior to the 
trachea On the other hand, the more common varieties of mediastinal 



Fig 5 — Diagram reconstructed in case 2 to show the mechanism o 
of aneurysms of the ductus arteriosus posterior to the trachea The dudu* 

IS a lateral view The inset is an anteroposterior view An aneurysm of ^ ^ 
pushes itself out between the pulmonary artery and the aorta to assunifi 
lateral and posterior position 


tumor are seldom found m this location Dermoids and 
usually tumors of the anterior mediastinum , likewise, althoug 
tumors and those which arise in the lymph glands ^piuii, 

Hodgkin’s disease) are most often found in the superior me ^ 
they are not located so nearly in the region of the pulmonary c 
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are aneurysms of the ductus arteriosus On the basis of probability, 
therefore, a tumor posterior to the trachea in the region of the pulmonary 
conus should be suspected of being an aneurysm of the ductus arteriosus 
or of the pulmonary artery (fig 5) Absence of recognizable expansile 
pulsation even in roentgenkymograms and of abnormal heart sounds is 
of no significance, as the 2 cases reported here illustrate It was aston- 
ishing to me that neither patient gave evidence of a disturbance of the 
left recurrent laryngeal nerve Moreover, I do not find this complication 
mentioned in the literature Probably in most cases an exploratory 
thoracotomy is advisable It may perhaps be predicted that some day an 
aneurysm of the ductus arteriosus will be found small enough to permit 
exasion 
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\.s intcrcsl m the UbC ot ultrAviolet ra\s of certain wavelengths as 
an agent for killing nncro-organisnis in the air, particularly in the 
operating room, has become moie widespread, the questions most fre- 
quently a^ked ha\e concerned the results obtained b} its use and the 
possible danger to the patient and to the operating room personnel 
Since probably I ha\ e had the greatCbt expci lence w ith this recent addi- 
tion to surgical technic as a loutine m all large clean operative pro- 
cedures, a further report of my cxpei lence and results may be of interest 
and \alue in this field 


The first operation on a patient m the Duke Hospital in a field of 
ultraviolet radiation wms performed on Jan 15, 1936 A preliminary 
report ^ based on several years’ study of viable bacteria in the air, show- 
ing how they can be reduced by air conditioning and almost elimmated 
by radiation, w'as made after experience with 9 thoracoplasties i2^ 
demonstrated great improiement m the local and systemic reaction 
the patient This was not published, however, until Ma}”^ 1937 Su se 
quently, in May 1936, a paper based on this preliminary work 
on experience with 18 extrapleural thoracoplasties was read before 
American Association for Thoracic Surgery and was pubhshe 
October - The operations on patients had been preceded by 
mental studies on bacteria ^ and on wound healing in animals, begi 


From the Department of Surgery, Duke University School of Median 
Hospital j 

1 Hart, D Operation Room Infections Control of A>r-Borne 
Organisms, with Particular Reference to the Use of Special Bactenci 
Energy, Preliminary Report, Arch Surg 34 874-896 (May) 1937 

2 Hart, D Sterilization of the Air in the Operating Room by 
Bactericidal Radiant Energy, J Thoracic Surg 6 45-81 (Oct ) 193 

3 Hart, D , Devine, J W , and Martin, D W Bactericidal and u S 
Effect of Ultraviolet Radiation Use of a Special Unit for Sten izing 

the Operating Room, Arch Surg 38 806-815 (May) 1939 

4 Hart, D , and Sanger, P W Effect on Wound Healing o ^ 
Ultraviolet Radiation from a Special Unit Experimental Stu y. 

38 797-805 (May) 1939 
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in the fall of 1934 The application of this technic to operations on 
patients was delayed, since it required approximately a year to interest 
a manufacturer in the project, and then the equipment had to be 
assembled and installed ° 

From the opening of the Duke Hospital, in July 1930, until Jan IS, 
1936, a total of 15,557 operations were performed, with 7 known 
deaths ^ resulting from infection in clean operative wounds (extra- 
pleural thoracoplasty, 4, craniotomy, 2, radical mastectomy, 1) From 
Jan 15, 1936 to Nov 1, 1939, all thoracoplasties, mastectomies and 
repairs of postoperative ventral hernias and most other large clean 
operations in the general surgical service have been performed in a 
field of ultraviolet radiation For the past two and one-half to three 
years practically all large clean operative procedures in the neurosurgical, 
orthopedic and urologic services have also been performed m such a 
field During these three years and nine and one-half months, of a 
total of 23,216 operations approximately 2,000 were clean operations 
performed in a field of bactericidal radiation No patient operated on 
in this group, which includes most of the larger procedures, has died 
as a result of an operative wound infection ^ 

The results up to the fall of 1937, showing a reduction of over 
75 per cent m all infections in clean operative incisions, have been 
reported There were only two questionable operating room infections 
(1) a stitch abscess and (2) a separation of the edges of tlie skin due 
to inversion of the skin, with a “positive'' culture of material from the 
granulating area, in 364 clean primary incisions in the general and 
orthopedic surgical services when radiation was used The infection 
rate for operations of an average magnitude less than that for these 364 
operations was 3 5 per cent in 144 orthopedic and 3 6 per cent in 536 
general surgical operations 

5 The Westinghouse Electric and Manufacturing Compan> ha\e supplied all 
radiation equipment 

6 There were probably other deaths from operating room infections in clean 
wounds in the other surgical services A complete analysis is being made and will 
be published 

7 During this period 1 patient, on whom a craniotomy was performed without 
bactericidal radiation for an inoperable glioma when the only room equipped for 
radiation was in use for a laminectomy, died of meningitis (hemobtic Stnpinlo 
coccus aureus) This was the only death during this period from an operatiiif, 
room infection in a clean incision in the general thoracic and neurologic surgical 
scfMces All the 23,216 records ha\e not been rcMCwed and there nn\ Iia\e 
been some deaths from operating room infections in other services in which 
radiation was not used These are being re\iewcd, and the results will lie published 

8 Hart, D Sterilization of the Air m tlie Operating Room b\ Bactericidal 
Radiant Energ> Results in 0 \cr Eight Hundred Operations Arch Surg 37 9=0 

972 (Dec ) 1938 
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The considerable reduction in the average duration and elevation of 
postopeiative teinpeiatuie reaction for thoi neoplasties, mastectomies and 
hei 11101 ihaphies brought about by sterili/ation of the air has been 
reported^ These results were coi related with the seasonal fluctuations 
in the contamination of an, showing that the reduction in temperature 
reaction wms directly proportional to the diminution m the degree of con- 
tamination of air 


Table 1 — Operations at the Duke Hospital from Nov 1, 193S to Nov 1, 1939 


Total number of operations 

Clean primary Incisions with 
ddal radiation 

Total number of potentially 
or reopened wounds with 
cldal radiation 




ito3topcrati\o 
Infections 
Diagnosed on 
Discharge of 
Patient 

postoperative 
Infections 
Found on 
Review of 
Records* 

^ — 


Total 

r • 

Number Percentage 

Number Percentage 


0,535* 

23 0^0 

Records not reviewed 

bacterl 

COO 

2^^ 033 

4« 066 

Infected 

bacteri 

83 

5 f 57 

19 f 21-8 


* All these were related to the original disease or were either alight or and 

a All operations, including drainage of infected areas, operations on the noo 
throat, transurethral prostatlc resections, etc , are Included la 

b Under the rigid criteria which my associates and I use for healing but 

the group in which radiation ^as used there were undoubtedly more than 23 inrecu » _ 
the postoperative wound Infections not diagnosed In the record have in general ne 
or related to the preexisting disease On previous occasions a careful analysis ^ for 
when radiation was not used has shown an Infection rate of 3 5 per cent to ^ 
clean 'primary Incisons exclusive of thoracoplasties nrecxlstlu? 

c This percentage Is low, since slight Infections and Infections related to the 

disease may not have been diagnosed, while the total number of Dilutions m 
drainage of infections, operations on the nose and throat, transurethral prob 
tionfl, etc , coiitufie<i 

d One of these was an infection in an incision made through abraded skin on njjgtract 
muscle for a fracture dislocation of the spine and was probably hematogenous j^jp^ 

and temperature chart 3) The other was an infection following an arthroplasty oi temper® 
the wound was drained, and a postoperative hemorrhage occurred (see abstract anu 
ture chart 4) mioerflclal. 

e These infections (cases 1, 2, 5 and 6 [see abstracts and charts]) ture chart 

doubtful or duo to a fault In technic A brief abstract and postoperative temp 
of each Is given 

f See tables 3 and 4 for an analysis of these infections 


RESULTS OBTAINED 


The first point of interest, the recent postoperative results 
with bactericidal radiation, is illustrated by an analysis of the opera 
performed from Nov 1, 1938 to Nov 1, 1939 Table 1 shows 
a total of 6,535 operations bactericidal radiation was used throug^^^^ 
606 clean primary incisions and 88 other operations in which the 
were potenbally infected or which involved reopemng of a ^ 
Only 2 of the 606 clean primary incisions were 


incision j^i****u*^^ 

showing postoperative wound infection at the time of the pa 


9 Hart, D, and Upchurch, S E Postoperative Temperatur 
Reductions Obtained by Sterilizing the Air with Bactericidal 
Seasonal Variations, Ann Surg 110 291-306 (Aug ) 1939 
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charge One of the operations was a laminectomy m which I consider 
the infection to have been hematogenous even though the operation for 
a fracture of the spine of ten hours’ duration was performed through 
abraded skin and contused muscles which were infiltrated with blood 

Table 2 Operations Performed With Bactericidal Radiation from Nov 1 , 1938 
to Nov 1,1939 (Clean Primary Incision) 


Type of Operation 

Thyroidectomy, 63 laparotomy 23 thor 
acotomy, 2 mlaceUoneous, 67, lumbar In 
cislona, 8 


simple 


Operations on breast radical 28 
9, excision of benign tumor ii 

Amputation, 8 operation for bone tu 
mors 23 open reduction of fractures 17, 
apmal fusion, li 

Operation for hernia Inguinal, 80 fern 
1 * A umbilical, 2f postoperative ven 
rrai, lo 

Craniotomy 


pa5)^^^°^^ (Including meningocele re- 


opening of Joints 

Extrapleural thoracoplasty 
I*Iafltlo procedures 

Total 


without 

With 

Postoperative 

Postoperative 

Infection 

Infection Comment 

163 

0 


0 

59 

0 

9o 

1 ^ Stitch abscess maxi 

mum temperature, 

37 6 0 

00 « 

1 ^ Stitch abscess Incision 

In scar spinal fluid 
drainage 

67 

1 ** Abrasion and contu 

slon of Bkin Infection 
(hematogenous f) 

36 

2 In 1 drainage and 

hemorrhage*^ Ini 
necrosis of skin s 

16 ^ 

1 ‘ 

37 J 

0 

— 

- 

600 

6 


on the patients discharge from the hospital Other Infections were slight 
uuesHonablo or related to the primary disease and were found on careful review of the records 
associated with some necrosis of the skin (without evident Infection) 
a poor blood supply due to close cutting of the skin flaps 
b See abstract and temperature chart 1 

HTnou of these followed roentgen treatment and one without such treatment showed 
(^taneous necrosis while two of them had cerebrospinal fluid drainage Ail 
nowever, were without evidence of Infection 
d See abstract and temperature chart 2 
e ^ abstract and temperature chart 3. 

^e abstract and temperature chart 4 
ff See abstract and temperature chart 6 

and temperature chart 7 In 1 of these cases In which there was a normal 
the third postoperative day organisms were cultured from a pocket of 
nuia m the wound (grossly not Infected) at the time of the second operation 
I See abstract and temperature cha^ 6 

cwtain of these ojwratlons performed In multiple stages there may have been a 
but nnn S'^^-ure of material from a granulating area where the akin could not be closed 
“ono or the wounds showed suppuration or Interference with the operative procedures 

(case 3) The other was an arthroplasty of the hip in which a dram 
was inserted and the patient had a postoperatne hemorrhage The 
infection was first noted on the ninth day following operation and was 
considered to be superfiaal, resulting from the open drainage tract and 
the hematoma in the wound (case 4) Four other infcctioiib, mostly 
slight or questionable, were picked up on careful re\iew ot the 606 
records The classification of thebe operations is given m ^able 2 In 
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order to prc.stnt n& complete and a*, accurate a picture as poasible, e\ery 
infection, Iiouccei qucstionahlc, is included, c\cn though I ma} ieel that 
It occurred as a result ol the technic used (case 5 and possibly cased) or 
that the iiilection was not receued in the operating room (stitch 
abscesses, cases 1 and 2) 1 here are presented a bnet abstract ol each 

case record and tlic temperature chart for se%en da}S after operation m 
each case of a clean incision which has been included as possibl) 
infected Each reader can then, make his own interpretation as to 
whether there was an infection originating in the operating room The 
infection rate ot 1 per cent, as shown m table 2, can therefore be lowered 
by individual interpretation of these abstracts but not raised 

Data on the reopened w'ounds are gnen in table 3 Of the 2 thoraco 
plasty incisions noted as intected, 1 had shown an infection following the 


Table 3 — Operations Pi.) formed IV ith Bacti.nctdal Radiation from Nov 
to Nov 1. 19S9 (RiOpaud IVomids—Second Stage Operations) 


Extrapleural thoraeoplastj 

Thyioidectomy (2d lobe) 
Lamtnectomy 

PostoperatWe ventral hernia 


Total 


Without 

Postoperut)\e 

Infection 


10 

1 

1 = 


With 

PostopeTati\e 

Inicction 

2 (1 TdTjth inlectlon in 

ortamsms In ivound^ at operation) 

0 

0 

0 


of 


a Seo abstract md temperature chart 6 This Jnlection vras diaenofcd o 
the patient from the hospital There was an undiagnosed infection area 

ator as onlv a draining hematoma) following the first operation, a m 

excised at the time of the second operation, and cultures of material tfliven u 
wound at this time showed viable hemolytic yellow staphylococci to be persis from 

b See abstract and temperature chart 7 The hemolytic Staph aureus was ^ jjjfectlaa 
a pocket of fluid beneath the scapula at the time of the second 
with the same organism following the second operation was slighti the s 
cultured from a draining hematoma, and the drainage never became puruJen 
c. Infection was suspected the wound was explored in the operating 
found, cultures were sterile the wound was reclosed without drainage, ana p 
resulted 

first stage , a granulating area was excised m making the inasion fo 
second stage, and Auable organisms were present deep in the wou 
other showed a positive growth of organisms from a pocket o 
beneath the scapula at the second operation Both infections 
(See abstracts and temperature charts 6 and 7 for both first an 
stages ) These 2 infections in the reopened wounds Qj-ga^' 

continuations of the condition originating from entrance 
isms at the time of the first operation I still believe that via 
isms enter every wound, but wnth radiation these are grea , 
and the survivors may be attenuated The rate of m 
thoracoplasty incisions is out of all proportion to the rate o i 



Table A ^Operations Performed With Bactericidal Radiation from Nov 1, 1938 
to Nov Ij 1939 (Infected or Potentiallv Infected Incisions) 


without With 


Typa of Operation 

Postoperative 

Postoperative 

Infection 

Infection Comment 

On colon 6 on stomach and Intestine 6 
on appendix, o, on gallbladder, 5 

19 a 

3 (1 colon-) 

Lobectomy and pneumonectomy 

7b 

0 

Hernia Inguinal 

0 

1 *= * Local dermatitis 

Eemoral 

0 

1 Gangrenous Intestine 

Pylephlebitis, drainage of splenlo abscess 

0 

1 « 

Secondary closure 

0 

1 ^ Infection around ten 

Excision of ulcer, bUu graft 

1 

slon sutures 

2 

Operations on kidney and on ureter 

20 

6 e Drainage in all in 

fected urine In all 4 
very slight Infections 

Meningocele repair (abscess opened during 
operation) 

0 

no severe Infections 

1 

Craniotomy (lacerated scalp — Infected) 

0 

1 

Craniotomy (for subdural and extradural 
hemorrhage) 

0 

lb Followed wound rup 

tare with sinus forma 
tion two preceding 
aspirations cultures 

Bono graft (for old osteomyelitis) 

0 

sterile 

1 * 

Opening joints anthroplasty of hip In 
fectlon and abrasions of akin 

0 


Eemoyal of cartilage from knee Infection 
of skin 

0 

1 1 Organisms cultured 

from joint at opera 
tion W B C , 10 200 
per cu mm mild or 
doubtful 

Old pyorthrosls of wrist scar, unable to 
close 

0 

1 

Total 

47 

07 


* on tho patient s discharge from the hospital Other Infections were slight 

questionable or related to the primary disease and foimd on review of tho records 

a In some of these cases there may have been a positive culture of material from tho 
arninago tract but there was no gross suppuration and no drainage from other parts of 
the wound 

. 3 these cases the wound was drained Cultures showed no growth after operation 

out they yielded bacteria after a more or less prolonged period of drainage 

A operation should not have been performed since a note the day before operation 

aescribed a dermatitis in tho operative region 
d Resection of gangrenous Intestine 

, „ Exploratory laparotomy A. splenic abscess secondary to pylephlebitis resulting from 
undiagnosed appendicitis was found and drained 

^ reaction about cutting tension sutures of wire Inserted for «econdary closure 

Of a disrupted laparotomy Incision 

1 Most of these showed nothing more than slight Infection when the drains had been 
left In for several days 

ifl* hematoma reformed It was aspirated twice and the cultures were sterile V 
^ yielding bacteria was obtained only after rupture through the Incision had occurred 
with formation of a draining sinus 

I Tho patient was admitted from the dispensary wtih a note that ndml «Ion wo« 
ndvlsed for tho purpose of treating tho cutaneous condition (furuncles and abru«Ions on 
tno leg) on which tho arthroplasty was to be performed Two duvs lattr for omt rcn«on 
not explained, an arthroplasty was performed Evidently this operation hould have been 
postponed 

J patient showed furuncles on tho leg and a leuLocytc count of 10 2C0 per cubic 
niHijmeter before operation Tho hemolytio Staph aureus was cultured from the fluid In 
It opened On tho fourth day after the culturu of material taken at 
operation was reported as vlcldlng bacteria the wound wn*: opened cupt-rflclnllv and a note 
was made tliat It was Infected but culture** of material taken at thl« time uerc sterile On 
tho ninth postoperative dav the suprapatellar bur a was Irrigated rmd culture* sliouetl no 
growth On tho eleventh postoperative dav material from the superficial tl *uci, of the wound 
snowed Bacillus nlcallgcncs faccall* Twenty nine days later the wound was hrakd and the 
kmeo had tho full rango of motion 
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larger series of thoracoplasties previously reported as performed with 
the aid of radiation 

Table 4 records the potentially infected operative wounds and is of 
little significance here except as it illustrates some of the operations 
performed with bactericidal radiation and includes all operations with 
radiation not guen m tables 2 and 3 

Table 5 shows data on all other postoperative infections (operations 
performed without bactericidal radiation) diagnosed at the tune of the 
patient’s discharge It is seen that all these infections except those in 
the obstetric and gynecologic services were directly related to the primary 
disease There were undoubtedly other mild mfections or infections 
related to the primary disease m the cases in which radiation was not 


Table 5 — Operatioiis Perjormed JVithoiit Bactericidal Radiation jroniNov E19SS 
to Nov 1, 1939 (All Postoperative Infections Diagnosed on 
Discharge of Patient) 


Total ^UInbe^ ol 
Postoperatlvely 

Operation for Infected Wounds 

Acute appendicitis 
Acute cholecystitis 
Intestinal obstruction 
Perforated duodenal ulcer 
Cesarean section 
Hysterotomy, i, hystereciomj, i 
Perineal laceration 

* Only Infections diagnosed at the time of the patient s discharge The sev^^ 
records of wounds not diagnosed as showing Infection were not reviewed os waa 
the operations performed with use of radiation 

a She of these were in the obstetric and gynecologic service, in which 
The others were all related to the primary disease All large clean operatm^ ^ hactericldfll 
uTologie, orthopedic and neurologic surgical services were performed In a “Ud oi 
radiation, and data on them are shown In tables 2, 3 and 4 This table Is mwuaea 
types of operation in which radiation was not used as well as to report ail aiag 
Infections occurring when radiation was not used 


Gynecologic 

Service* 


used, but It can be safely assumed that there were no serious mfecdo^^ 
m clean wounds, since these are mcluded m the diagnosis file ^ 
of these several thousand records of operations performed wi o 
of radiation for mild infections, such as stitch abscesses, did not s 
indicated for this report This table is given to show all 
operative infections occurring when radiation was not used 
that all large clean operations except those in the obstetric an gP 
logic service were performed in a field of ultraviolet rays 


SAFETY OF THE PATIENT i 

The second point of interest, the safety of the patient, is 
by the fact that with an intensity of radiation on the woun 

. 1 ^ 

10 Hart, D StenhzaUon of the Air m the Operating Room wi 
Radiation, J Thoracic Surg 7 525-535 (June) 1938 
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from 25 to 34 microwatts per square centimeter with cliflferent installa- 
tions/^ without any allowance for shading by the personnel, my 
associates and I have performed over 2,000 operations (general, thoraac, 
plastic, orthopedic, urologic and neurologic procedures), the majority 
lasting for from one to several hours, and have never seen any ill 
eflEects on, or had any complaint from, any patient referable to the 
radiation Before this radiation was used on patients, many experiments 
were made on bacteria ^ to determine its killing effect, and many 
operations were performed on rats and on dogs ^ to determine the possi- 
bility of its damaging the tissues During the earlier operations an 
assistant was assigned the duty of seeing that every part of the wound 
was covered when exposure was not absolutely necessary for the oper- 
ative procedure It was soon learned that this precaution was not 
necessary, so that now the tissues are covered with moist cloths or cotton, 
as determined by good surgical technic, but this duty is not assigned to an 
overzealous assistant instructed to protect them from the radiation even 
at the expense of the surgeon’s efficiency 

Criticism of the intensity of radiation used by my assoaates and me 
was made in a recent article stating that this is greater than is necessary 
to reduce the organisms m the air, that it may be in the danger zone 
for tissue injury and that there is an apparent inconsistency in the fact 
that we found that a blond subject suffered only mild erythema after 
eighty minutes’ exposure, while they found that at the intensity which 
they assumed that we used an intense erythema was produced on the 
inner aspect of the arm of a blond human subject with an exposure of 
fifteen minutes 

These criticisms were made on their assumption that we were 
using 5643 (''33 clicks X 171 microwatts per sq cm per click at 
1 meter”) microwatts per square centimeter on the wound As a matter 
of record, we have stated in two publications that the intensity of radia- 
tion used by us has been 28 to 30 microwatts per square centimeter at 
the operative site When this reported figure (approximately 50 per 
cent of their assumed but false figure) is taken into consideration, their 
work (so far as it goes, being entirely experimental, performed on bac- 
teria and animals without clinical application) is a corroboration of the 
efficiency and safety of the intensity of radiation which we ha\e used 
and advocated 

11 Hart and others ^ Hart and Sanger ^ 

12 Kraissl, C J , Cinuotti, J G , and Melene>, F L Considcrauons m the 
Use of Ultraviolet Radiation in Operating Rooms, Ann Surg 111 161-185 (Feb ) 
1940 
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Oui call) work w.ib done wnthoiit the advantage of a meter tor 
ccor the intciii)it\ (iibtribulioii of the radiation, so that exact niea- 
sineinents could nut he guen in our early publications During the 
past t iree and one-hall }ears, however, first with an assortment of 
equipment which was mounted on a supply truck and later w'lth the 
compact meter w hieh has since been developed by Westinghouse for 
simplification ot the measurement ot this radiation, the output of all 
ra lation units, including the original experimental installation, has 
een checked regularh The intensity distribution of each radiation 
unit as measured by a photoelectric cell sensitive to its predominant 
wavelength (over 88 per cent of the output at 2,537 angstrom units) 
and calibrated with a bismuth siher vacuum thermopile has been corre- 

ated with the distribution ot bacteria as determined by the sediiiien- 
tation method 


A number ot different arrangements of ultraviolet radiation units 
ha\e been tried, the results on four of which w'ere demonstrated in a 
scientific exhibit at the meeting of the American iMedicai Association m 
Atlantic Cit} N J , m June 1937 and ha\e been on continuous exhibit 
in the Duke Hospital operating suite since that time Only one of these 
gave more than 34 miciow'atts per square centimeter at the operatne 
site, and use of this was discontinued after a few trials because of 
the difficulty m protecting the personnel There was, how^ever, vi* 
this higher intensity no evident injury to any patient The unit wlucli 
w e have used most during the past three years and wdnch we are usin& 
exclusively, except for one of the new units developed by Westinghouse 
w hich we have recently installed, gives an intensity of 25 microwatts per 
square centimeter at the operative site, with a reduced intensity on the 
heads of the operating team and a higher intensity m all other part» 
of the room (flooi, periphery and upper air) as compared with the 
other installations which we have tried This unit, which delivers the 
least radiation on the wound, has been the most effective m reduciUo 
the number of viable sedimenting bacteria m every part of the operatuia 
room, including the operative site These data, illustrating the desir- 
ability of effectiA^ely irradiating the entire room, were given to 
house for the development of the unit which they have recently 
available Publication of the intensity distributions and bacteric 
effect of these various installations has been withheld in order to 
studies on this new unit These data will be published at an early ^ 

13 All the intensities given are the actual measurements without any 
to the rays During use in an operation it is esUmated that from 15 to -a P 
or more of the radiation is kept from the region of the w'ound by slia 
tissue not on a flat exposed surface would receive less than half of the lU 
given by measurements made without any obstruction 
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SAFETY OF PERSONNEL 

In regard to the danger to the operating room personnel, there are 
two risks to be considered, those due to acute exposures and those 
following often repeated slight or more prolonged exposures over a 
long period Irntation of the skin from either type of exposure can be 
avoided easily b}^ adequate covering or shading The eyes can apparently 
be adequately protected by glasses and a close-fitting eye shade or hat, 
or, if one desires to be certain that no ray reaches the eyes, goggles 
can be worn I have never seen a blister form on a patient or a member 
of the staff, and many of the nurses, anesthetists and orderlies do not 
cover their arms, necks or faces, wearing only glasses and a sun helmet 
in addition to the usual cap and mask A few persons wearing no pro- 
tection whatever have had conjunctivitis of sufficient seventy to require 
local anesthesia, but this has always cleared within one or hvo days, 
without evident sequelae 

The possibility of chronic changes in the skin due to long-continued 
repeated exposures cannot be foretold Experimental workers who have 
been exposed frequently for years report no ill effect No harmful 
effect has been noticed on any of our staff For the sake of safety, 
however, since the skin and eyes can be so easily shaded, every one 
using ultraviolet radiation should avoid unnecessary exposure until the 
risk of often repeated exposures over a long period is known The rays 
have little power of penetration, closely woven starched cloth being 
sufficient to stop over 99 per cent of them, so that protection is rela- 
tively easy 

In order to simplify the protection of the personnel, certain of the 
radiation tubes in the units which we are now using have been placed 
at a higher level (10 feet 6 inches [above the floor] ) Their output has 
been increased so as to give a slightly diminished intensity on the \\ound, 
a greatly diminished intensity on the heads of the personnel, a higher 
intensity at the floor and at the periphery of the room and a much 
higher intensity m the upper parts of the room, where the bacteria are 
earned by the convection currents Not only does the additional height 
of these units as compared with the lower ones give a lower intensity 
on the heads of the personnel, but the ray which strikes them comes 
from a more nearly vertical direction, thus simplifying the problem of 
shading the eyes, the bridge of the nose and the adjacent skin 

SUMMAR\ 

In approximately 2,000 clean incisions for operations ot gruitcr 
magnitude in the general, thoracic, urologic, orthopedic and neurologic 
surgical services performed in a field of bactericidal radiation no ixUicnt 
has died as a result of an infection in the wound 



344 


ARCHILLS OP SURGERY 


Dunng the past year bactericidal radiation was used for 606 such 
clean piimary incisions in a total of 6,535 operations of all types, with 
an inlcction rate of less than 1 per cent Several of these infections proba- 
bly were not leccived in the operating room, and not one was se\ere 
The tew infections reported have been mild or questionable, and the 
total has been 1 per eent or less for all operating room infections m 
clean primary incisions Exclusive of thoracoplasties, and if stitch 
abscesses and sepaiations of the skin with a superficial granulating area 
are not considered as operating room infections, the infection rate for 
all operations reported by my associates and me has been less than 
one third of 1 per cent (cases 3, 4 and 6 m this report) 

The intensity of radiation (over 88 per cent output at 2,537 angstrom 
units) used is much less than 30 microwatts per square centimeter 
when shading is taken into consideration, and for most of the recent 
operations the intensity at the operative site has been only 25 microwatts 
per square centimeter, without allowance for shading 

In a recent article on ultraviolet radiation m the operating room 
our work Avas criticized on the false assumption that we used a radiation 
intensity of 56 43 microwatts per square centimeter mstead of 
mately one-half that intensity, as we had previously stated^ * 
this false assumption corrected to our published figure the cntiasms 
not valid, and the work, so far as it goes, confirms the 
well as the satety of the intensities of radiation which we have 


and advocated 

Animal experiments previously published indicate that the mtei^ 
which we have used will not damage the tissues of the wound urin 
time they ivould be exposed dunng any operation if precaution^ 
taken to prevent drying and unnecessary exposure of the tiss 


the air 

No patient has ever made any complaint 


referable to, or received any 


evident injury from, the radiation efficienty' 

The personnel can be adequately protected without loss o 
and they should not take the risk of frequent or prolonge tm 
exposures Despite instructions otherwise, our personne 
many liberties with the skin, without evident damage o o 
occasional mild and transient erythema Many of the excep* 

thetists do not cover the customarily exposed cutaneous su^^ 
for the usual cap and mask supplemented by a hat and g ass 

14 All operations performed with bactericidal Nov h 

with the exception of a consecutive block from the fall o reread ^ * 

This group has not been reported on, and so the records have n i> 

search for slight infections which may not have been entered on 


when the patient was discharged 
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The eyes must be protected by glasses, and a closely fitting eyeshade 
or hat In a few cases of conjunctivitis brought on by neglect of this 
precaution local anesthesia has been required, but this condition has 
cleared within one to two days, without evident sequelae 

ABSTRACT OF CASES 

Case 1 — Bilateral indirect inguinal hernias of two years’ duration in B W, a 
47 year old white man, were repaired with the patient under cyclopropane 
anesthesia, a silk technic being used. The Wassermann reaction was 4 plus, and 
the Kahn reaction, 1 plus The virtual absence of elevation of temperature after 
operation is shown in chart 1 During the remainder of his stay in the hospital, 
no temperature higher than 37 3 C (99 1 F ) was recorded On the sixth post- 
operative day, when the sutures were removed, there was reddening about some 
of them, with small stitch abscesses Three days later all evidence of the infection 
had disappeared, and convalescence was entirely uneventful This is a case of 
reaction of the tissues to a foreign body \vith growth of cutaneous organisms about 
the sutures and not one of “operating room mfectioa” 

Case 2 — A cerebellar approach through the old scar was made for a recurrent 
astrocytoma in J N , an 18 year old white boy Leakage of spinal fluid occurred 



Chart 1 — Record of temperature in case 1 


on the fourth day following operation, and on the sixth day a stitch abscess was 
found at the right end of the incision At this time leakage of spinal fluid had 
ceased spontaneously On the eleventh postoperative day fluid aspirated from the 
wound contamed 900 cells, and culture revealed Staphylococcus albus and a gram- 
negative baallus The patient was treated with sulfapyndme. On the seventeenth 
day following operation the wound again began to dram The sinus tract was 
excised and closed, three galeal and three skin sutures of silk being used The 
temperature curve for seven days after the major operation is shown m chart 2 
Dunng the subsequent course there were two short periods of elevaUon of 
temperature, one at the time of the wound aspiration and the other following 
rupture and secondary closure of the wound on the seventeenth postoperative day 
Convalescence otherwise was uneventful, and the patient was discharged twenty- 
nine days after operation 

Case 3 — A laminectomy was performed in J M , a 25 >ear old Negro ten 
hours after injury, tlirough abraded skin, contused muscle and c\tra\asatLd blood 
for a fracture dislocation of the first lumbar \ertebra. The temperature cur\e for 
eight days after operation is shown in chart 3 The ribe on die fifth and sixth 
days was caused b> pneumonia, diagnosed by physical signs and confirmexl b> 
roentgen examination, and the organism^ were idenufied b> culture of the sputum 
-ns hemolytic yellow staphylococci The patient was treated with suliap>ndine 
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On the ‘iixth da} without hi5 Invmg been cathctcn^cd, a few white blood cells 
were fir^t nottd ni the urine On the seventh the wound, which was not tender, 
was probed, but no pus was lound On the ninth, the hemolytic Staph, atireus 
was cultured in material iroin the wound 

On the eleventh da} llie urine was described as grossly infected, and the 
heniolvtic Staph aureus was grown on culture, and an indwelling catheter was 
inserted On tins da} a blood culture sliowed 1 colonv of the hemoI}tJc Staph 
aureus per cubic centimeter 
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Chart 2 — Record of temperature in case 2 




DAYS AFTER OPERATION 

Chart 3 — Record of temperature in case 3 


daw 


The irregular temperature, reaching its peak on the eighth belo^' 

fell rapidly and from the twelfth to the thirty-eighth day was m 
38 C, (1004 F) with irregular peaks somewhat above this After 
day it remained below 38 C The wound infection did not extend to 
and the process in the chest cleared slowly, but the persistent ^ 

of temperature was probably due to the infection of the urin 
paralyzed pat ient ^ 

15 I consider that this wound infection was hematogenous jnttct i'"’ 

the pneumonia During this twelve month period there 
following operation (cesarean section and appendectomj ; v 

(Footnote contimicd ott next pooe) 
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Case 4 — W L , a 27 3 ear old white man with an ankylosis of the left hip 
underwent an arthroplasty with insertion of a vitallium cup A drain was inserted, 
and after operation there was a severe hemorrhage from the wound The tem- 
I>erature curve for seven days after operation is given in chart 4 The drain was 
removed on the third postoperative da> On the ninth postoperative day the 
dressings were removed, and some superficial infection was present, cultures 
showing the hemolytic Staph aureus This is thought to have resulted from the 
hematoma in the wound with the persistent drainage tract There was a nse of 
temperature to 39 5 C (103 1 F ) on the ninth and tenth days, but the temperature 
dropped to normal by the twelfth day and remained below 37 5 C (99 5 F ) for the 
next four and one-half weeks, or two weeks after motion and physical therapy were 
started There was a slight rise m temperature then, but during the next twenty 
weeks there were only twelve recorded temperatures (temperature taken every four 
hours) above 37 5 C and only one above 38 C The cup was then removed 
There was some granulation tissue about the cup but no destruction of bone 
After this the patient's condition remained good, and nine weeks after removal 
of the cup he had 25 degrees of flexion, 15 degrees of extension, 15 degrees of 
adduction and 25 degrees of abduction 

bactericidal radiation, and these infections were considered by me to have been 
hematogenous and secondary to* pneumonia A brief resume of these cases 
follows 

An appendectomy for acute appendicitis (appendix unruptured) was performed 
on Sept 4, 1939 On the second postoperative day there was bilateral broncho- 
pneumonia Sputum for culture could not be obtained On the sixth day the 
incision was well healed, with no infection On the seventh day there was 
pericarditis, with fluid in the nght side of the chest On the sixteenth day the 
incision was well healed On the twentj -fourth day there was an abscess in 
the neck On the twenty-fifth day an abscess developed at each venipuncture 
wound There were abscesses also on the back, arms and neck On the thirty- 
fifth day there was an abscess in the abdominal wall, iniolving the incision On 
the forty-second day the temperature was normal and remained down for the 
remainder of the course in the hospital On the sixty-seventh day tlie patient was 
discharged, recovered 

The patient was treated with sulfapyridine to the se\enteenth postopcrati\e 
day The leukocyte count dropped to 1,950 per cubic millimeter bj the twenty- 
third day Staphylococcus antitoxin, 300,000 units, was given between the twent>- 
fifth and the twenty-eighth postoperative day On the twenty-eighth day the 
leukocyte count was 12,850 per cubic millimeter, and by the thirty-second it was 
up to 20,800 All blood cultures were sterile. The urine did not become infected, 
and no sputum could be obtained for culture All other cultures showed a pure 
growth of the hemoljtic Staph aureus The temperature remained normal after 
the fort> -second postoperative day 

A cesarean section was performed without bactericidal radiation on Nov 1 
1938 

On the third da> following operation the patient had pneumonia The hemo- 
btic Staph aureus was grown on culture of the sputum 

On the tenth da} the urine was infected with the Staph ^lurcus (htmohsis 
not noted) 

The first evidence of wound infection was noted on the sixteenth dav Cultures 
showed the hemol}tic Staph aureus 

The patient recovered 
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At the tune of writing there is still a small sinus with a slight amount oi 
discharge The temperature was elevated for three days after the removal of 
the cup, and since that time has remained practically normal 

Case 5 — Open reduction of a fracture dislocation of the ankle of three and 
one-half months’ duration, with lengtiicning of the tendon of Achilles, was per- 
formed in L E , a 43 >car old Negro who had a psychosis during the postoperative 
course Si\ days after operation he had conjunctivitis (hemolytic Staph, aureus) 
The cast was removed on the thirteenth postoperative day, and the skin, which 
had been closed with catgut, was found to be separated, with some superficial but 
no deep-seated infection (Cultures were not made ) The temperature, which 
was as high as 37 7 C (99 8 F ) before operation, is shown for seven days after 
operation m chart S During the next twenty days the temperature reached 381 C 
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Chart 5 — ^Record of temperature m case 5 


(100 5 F) on three, 382 C (1007 F) on three and 38 4 C the 

occasions, otherwise it remained at or below 38 C Only the patient 

wound exposed by the separation of the skin was infected, an 
known to harbor the hemolytic Staph aureus (conjunctivitis) 

Case 6 — A. A, a 26 year old Negress with tuberculosis of 
fourteen months’ duration undenivent resection of the three 
apicolysis During the freeing of the apex an enlarged lymph no e w 

and removed a what 

On the ninth postoperative day the wound was probed, an 5 t 3 j, 

a liquefied hematoma was evacuated Cultures showed Stap 
albus In the next note (two days later) and in all subsequent no 
described as clean and dry without dramage on the a very 

curve IS shown for seven days m chart 6, first stage T 
fall m temperature to the twenty-fifth postoperative clay, 
remained below 37 5 C, (99 5 F ) 
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The second operation, resection of pirts of the fourth through the se\enth 
ribs, was performed tlnrt\-onc da\b after the first stage The operatne note 
reports the excision of an ulcer in the old scar, although the preceding notes had 
reported tliat the wound was drv and that there was no drainage There no 
evidence of infection at the second operation, but cultures ot material from the 
depths of the wound showed the hemoKtic Staph aureus The temperature cune 
for the first se\en da\s following operation is shown in chart 6 (second stage) The 
temperature rennmed below 38 C after the eighth da\ On the se\enth post- 
operatne da\, 100 cc of bloody fluid was evacuated from a hematoma m the 
incision, and on the ninth da^ cultures showed the hemol>lic Staph aureus Bloody 
drainage continued to the twentieth day, and on the tw'cntv -sixth day all drainage 
had stopped On the thirtieth day alter oi>cration there was only a superficial 
unhealed area 3 mm long 

In the first stage the w^ound was not considered by- the operator to be infected, 
the elevation of temperature being explained as due to pulmonary spread, but the 
subsequent culture reports make the diagnosis ot infection conclusive even tnoug 
it may not have been responsible for the elevation of temperature The reason o 
performing the second operation wdien an ulcerated area had to be exci'^cd in 
making the cutaneous incision for the second stage was not given The seco 
stage operation should have been postponed The field w’as evidently infecte ) 
viable organisms persisting in the wound from the infection in tlie first stage. 

Case 7 — C B, a 42 year old white w^oman with tuberculosis of the right 
of four years* duration, underwent resection of tlie upper three ribs with apico) 
The postoperative course was uneventful, tlie wound healing wntliout e\n 
infection The temperature curve for seven days after operation is sm 
chart 7 (first stage), and from this time until the next operation the tenipcc^ 


remamed below 37 5 C , 

The second stage, with resection ot parts of the fourth throug i t ^ 
nbs, was performed fourteen day^s after the first stage There was a arge 
of fluid in the defect left bv the apicolvsis On gross inspection this \vas 
umnf ected, but cultures revealed the hemolytic Staph aureus When e su ^ ^ 

the second stage were removed on the seventh day^ there was an escape 
cc of dark blood and fat droplets Cultures showed the hemolvtic tap ’ 
Drainage of chocolate-colored material continued to the thirteen > ^1^^ 

the twenty-sixth day all drainage had ceased The temperature thf 

first seven days after operation is shown m chart 7 (second stage; 
subsequent course m the hospital (thirty-seven days after operation; 


ture did not go above 37 6 C (99 6 F ) 



CONTRIBUTION OF THREE EARLY BRITISH 
SURGEONS TO KNOWLEDGE OF 
HEART DISEASE 

JAMES B HERRICK, MD 

CHICAGO 

The primary motive that has induced me, an intermst, to accept the 
kind mvitation to have a share m this special number of the Archives 
OF Surgery is that by so doing I may show my appreciation of, and 
affection for, Dean Lewis To have known him as a student, intern, 
faculty and hospital colleague and congenial companion is to have an 
abiding sense of his supenor ability as a surgeon, teacher and medical 
leader, and of his genius for making and holding friends 

I trust it may not seem inappropriate to reiterate in this paper the 
truth tliat medicine and surgery are, and should be, closely related and 
mutually helpful, and, as a concrete illustration of the debt owed by 
medicine to surger}^, to call attention to the worth while contributions 
made to the knowledge of heart disease, a little more than a centur\ ago, 
by three British surgeons 

At that time, in the earlv eighteen hundreds, when nothing was 
known of bacteriology, anesthesia or \-ra} s , when at the bedside 
practically no use was made of the microscope or of chemistry, \\hen 
there was no auscultation or application of electricity in diagnosis or 
treatment, the well educated medical man possessed and utilized a much 
larger proportion of the existing medical knowledge than is possible 
today Dividing lines between different t>pes of practitioners were not 
so sharply drawn as they are at present There were really but two 
outstanding specialists the physician — the internist — and the surgeon, 
though many were known as obstetricians and the ophthalmologist and 
the dermatologist were bidding for recognition As a matter of fact the 
surgeon was but the physician who was distinguished b} hib more 
accurate knowledge of anatom^ and his dexterity as an operator \t the 
bedside and at the necropsy table, as A\ell as at operatioiib, the surgeon 
made observations that had a bearing that \\as general and not limited 
to his own spccialt} As an example ma) be named John Hunter 1 Int 
the process w as a reciprocal one is show n b\ the w ork ut ^ueli an 
internibt as Ed\vard Jenner Happil} , thib mutual interelnngc of knowl- 
edge is still going on between medical spiccialists ot e\cr} t}pe and 
between medicine and cognate scienccb like chcmistrs pln^Us and 
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biology It IS one of the chief agencies that are tending to make medi- 
cine more nearly an exact science 

The three British surgeons were Joseph Plodgson of England, Allan 
Burns of Scotland and Robert Adams of Ireland ^ While their con- 
tributions are of minor grade, they are yet of value It is remarkable 
that the authors were relatively young at the time they wrote Hodgson 
m 1815 was 27, Burns in 1809 was 28, Adams, writing in 1827, was 
older, though only 35 

Allan Burns, son of the Rev John Burns, was born m Glasgow, 
Scotland, on Sept 18, 1781 He was precocious At 14 he began to 
study medicine At “sixteen he took upon himself the sole direction of 
the dissecting rooms of his elder brother, John Burns, who at that tune 
was an extramural lecturer on Anatomy and Surgery at Glasgow” and 
who was later the author of a popular work on obstetnes Allan “soon 
made for himself a reputation as a practical anatomist” Unlike his 
brother John, he did not excel as a lecturer, but as a demonstrator an 
dissector he was facile pi weeps, with an enthusiastic followng of stU' 
dents He studied disease also, both in the wards of the infirmary an 
in the morgue Not having a university degree, he had to obtain bis 
experience as physician and surgeon cliiefly by attending and studyi% 
the patients of his brother and of Ins friends He had no practice of 
own In his case books he made notes and drawings that stood 
good stead when later he wrote on the diseases of the heart, on the 
vessels, on surgical anatomy and on hernia After an 
recogmzes today as a recurring appendiatis, he died on June t 
when he was 31 years and 9 months old His death, terminating 
but brilhant career, was, in the words of Duncan, “a severe b o 
Glasgow Medical School on which he had already shed lustre 

The first of the major works of Allan Burns was his 
on Some of the Most Frequent and Important Diseases of the 
Aneurism of the Thoracic Aorta , on Preternatural Pulsation m 
gastric Region, and on the Unusual Ongin and Distribution 
of the Large Arteries of the Human Body Illustrated by 
was published in Edinburgh in 1809 In 1811 appeared Ds 
tions on the Surgical Anatomy of the Head and Neck 
Cases and Engravings ” In addition to these books he con^r 
medical journals several articles, chiefly surgical, that nee 
tioned here 

1 In writing this paper I quote freely from arUcles Bub Sc^- 

J B Allan Burns 1781-1813, Anatomist, Surgeon and ^ 

M. Hist Chicago 4 457-483 [Jan] 1935, Robert Adams 
tributions to Cardiology, Ann M Hist 1 45-49 [Jan ] 
in prmt 
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A few of the more outstanding features of Burnses book on heart 
disease will be noted He gave accurate anatomic descnptions of con- 
genital anomalies and showed an intelligent understandmg of the result- 
ing disturbances He discussed pericarditis in a fairly satisfactory 
manner His anatomic diagnosis was clearcut He described what is 
today called pencarditic mediastinitis when he referred to complete 
‘‘matting’' of the pencardium with the neighboring parts He explained 
some of the signs, such as a “diffused undulation" rather than a deeded 
pulsation, on the basis of adhesions to the diaphragm and other struc- 
tures He was expliat in emphasizing the reference of pain to parts 
other than the pericardium, such as the epigastrium or the shoulder 
Again “Where also no change takes place in the spot where the pulsa- 
tion IS felt in the chest, when the patient turns from side to side we are 
assisted m our diagnosis" of adhesive pericarditis Had Bums known 
of auscultation, percussion, bacteria , of albuminuria as evidence of renal 
disease, and of the importance of clinical thermometry, his descnption 
of pericarditis would have been equal to any written today 

In reading Bums, one is impressed by the broadness of his views, 
such as his conception of the umty of the heart and blood vessels, the 
modem notion of the cardiovascular system He was anatomist, physi- 
ologist and pathologist as well as internist and surgeon “Until," he 
said, “we possess clear notions respecting the natural functions of a part, 
our ideas concerning its morbid actions, can never be otherwise than 
vague and unsatisfactory But often our opinions regarding healthy 
function are corrected by observing what takes place in disease " 

Chapter 7, on disease of the coronary arteries and on syncope 
anginosa, is of special interest to cardiologists, for it contains Burns's 
statement concerning the myocardial ischemic theory of angina pectoris 
With characteristic frankness Bums acknowledged his indebtedness to 
others and his unqualified adherence to the coronary artery theory of 
angina pectoris “To Drs Hebberden, Jenner and Parry, we owe most 
of our information respecting this most fatal complaint," a condition 
which Parry “has mcontrovertibly proved to originate from some 
organic laesion of the nutrient vessels of the heart " 

He compared the heart with obstructed coronar}^ vessels to a limb 
with a ligature The limb can continue in vigorous action for only a 
short time, tlien weakness enforces rest The heart “is pnnapally 
composed of muscle and we have therefore reason to believe that it is 
regulated by the same laws which govern other muscles” (p 143) The 
heart, like every other part of the body 

lias peculiar vessels set apart for its nourishnienL In health, when we 
excite the muscular system to more energeUc action than usuaJ, wc increase the 
arculation in e^ery part, so that to support this increased action, the heart 
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and every other part has its power augmented If, however, we call into vigorous 
action, a limb, round which, we have with a moderate degree of tightness, applied 
a ligature, W'c find that then the member can onl> support its action for a \ei 7 
short time , for now its supply of energj and its expenditure, do not balance eacli 
other, consequent!), it soon, from a defieieiic) of nervous influence and arterial 
blood, fails and sinks into a state ot quiescence A lieart, the coronary vessels 
of which are cartilaginous or ossified, is in iiearh a similar condition, it can, like 
the limb be girt wnth a moderatelv tight ligature, discharge its funepons so long 
as Its action is moderate and equal Increase however the action of the whole 
body, and along with the rest, that of the heart, and )Ou will soon see exemplified, 
the truth of what has been said, with this difference, that as there is no inter- 
ruption to the action ot the cardiac nerv'cs, the heart will be able to hold out a 
little longer than the limb (P 138 ) 

If a person w^alks fast, ascends a steep, or mounts a pair of stairs, the circula 
tion in a state of health is hurried, and the heart is felt beating more frequently 
against the ribs than usual It, however, a person with the nutrient arteries o 
the heart diseased in such a way as to impede the progress of the blood along 
them, attempt to do the same, he finds, that the heart is sooner fatigued than the 
other parts are, wdneh remain health) W'^hen, therefore, the coronary artenes 
are ossified, every agent capable of increasing the action of the heart, such as 
exercise, passion and ardent spirits, must be a source ot danger (P 139) 

Burns deserves credit as an eai ly advocate of Parry’s “ theory of ® 
lesion ot the coronary ai tery and relative m\ ocardial ischemia in 
pectoris and for having made a crude experiment to substantiate 
theor) 

For a discussion and explanation of the fact that Burns in his des^ 
tion of his experiment and in his application of the results of this 
conditions in the human heart stressed weakness and syncope 
than pain as the major cause compelling cessation of muscuar 
m the hmb or heart, as well as for the comments of MaciVi an^ 
Webster (1923) and Sir Thomas Lewis (1932) on tins ^ 
Burns’s experiment, I refer the reader to pages 14 and 16 o my 

on Allan Burns ^ effects Result-'’^ 

In reading chapter 8, called “Observations on the Bire 
from Change of Structure of the Valves of the Heart an^^ 
Artenes,” one is impressed by the modernness of Bums s v 
sees also that he was more than a mere morphologic iF 

was a pathologist who aimed to correlate judicially the ^ ajitf 

pathologic findings “We are not,” he said, “m every tim 

death we find these appendages — the valves — opaque, to 
this change from the healthy transparent state, I 53 ) 

panied with a correspondent alteration in the function 

He desenbed a case of what today would be 
stenosis with auncular fibrillation and congestive hear 

rtA ftauses of ^ I', 

2 Parry, C H An Inquiry into the Symptoms and 

Anginosa, Commonly Called the Angina Pectoris, London, 
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presystolic thrill, the sharp systolic impulse, the pulse deficit are all 
there as evidence of his accurate clinical observation What is lacking is 
auscultation The autopsy revealed the constricted indurated valve 

One of the best chapters is the ninth, on the formation of polypi in 
the heart He made a clear distinction between antemortem and post- 
mortem clots, calling attention to differences in consistency, color, attach- 
ment to the wall of the heart and the like 

Burns discussed m a scholarly and scientific manner aneurysm of the 
thoracic aorta This chapter reveals an extensive search of the litera- 
ture, a careful survey of his own cases and a clarity, directness and 
conciseness in style that show more revision than is apparent m some of 
his other chapters He considered pathogenesis, in general agreeing with 
Scarpa He had experimented with rupture by injecting wax into the 
artery The symptoms, which were fully discussed, were always inter- 
preted in terms of anatomy Unequal pulses, dysphagia and swelling 
of veins were considered not merely curious or mysterious phenomena, 
for “there must be some physical reason for this diversity of effect'^ 
(p 243) 

The substance of the chapter on the causes of preternatural pulsation 
in the epigastrium may be learned from the summary at the end of the 
chapter “Pulsation in epigastrio may be produced by adhesions of the 
heart to the pericardium , by enlargement of the heart itself, chiefly of 
the right side , by tumours attached to the diaphragm , by enlargement 
of the vena cava inferior, by preternatural solidity of the lungs, by any 
solid increase of substance about the aorta, or roots of the large 
abdominal arteries, and lastly by a peculiar affection of the vascular 
system itself” (p 276) In the latter condition, to judge from the 
histones presented, may have been included cases of exophthalmic 
goiter, severe anemia and, possibly, neurasthenia There was a recogni- 
tion of the so-called positive hepatic pulse 

His concluding chapter, of forty pages, was headed “Remarks on 
the Unusual Origin and Course of Some of the Large and Important 
Arteries of the Human Body” and was based on the observations and 
records made by Burns during his many dissections of the preceding 
several years “All the descnptions, with the exception of a single one 
on the authority of my friend. Dr Barclay, are taken from dissections 
made by myself or from preparations in mv possession” (p 322) 
Perhaps Granville Pattison did not exaggerate \\hen he said that Burns's 
collection of vascular preparations was at one time, superior to any 
other 111 the w^orld 

In 1811, when he was 30 ^ea^b old Burns published hib obser\atmnb 
on the “Surgical \.natom\ ot the Plead and \eck, Illubtratcd b\ 
and Engravings ” Its st\le was less dibcursue than that of the \oIunK 
on the heart The \olume ib packed with buggcstioiib on practical "ur- 
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gery , it might be spoken ot as a work on anatomic surgery rather than 
surgical anatomy A great variety of topics with illustrative cases was 
taken up esophagotomy, lesectiou of the trigeminal nerve for tic 
douleureux, ligation of thyroid arteries for bronchocele, melanotic tumor 
of the eye with metastasis to the liver, etc The work was highly 
regarded by Burns’s surgical contemporaries and his immediate suc- 
cessors Valentine Molt referred to the author as “this celebrated 
anatomist ” Complimentary references were made by Abernethy and 
Sir Astley Cooper Meckel, m a toreword to the Halle translation of 
1821, spoke of it as not merely a compilation of known facts but a work 
that enriched the science and art of medicine tlirough original observa- 
tions and investigations Duncan, in 1896, said “His work on th« 
Anatomy of the Head and Neck is one of the most noteworthy con- 
tributions to anatomy which the Glasgow School has yet made’ ^ 
second edition was published in Glasgow in 1824 and m Edinburgh 
in 1833 An American edition appeared m 1823 

The work of Burns cannot be regarded as epoch making, as was 
that of Laennec, for example, or that of Jenner Yet his writings con 
tain many evidences of such keen insight into facts and causes that on® 
is tempted to speak of them as prophetic Some were genuine 


contnbu- 
a ne«' 


tions to knowledge, not always entirely new, but presented from 

point of view or with some illuminating addition The coronar)' ar 

theory of angina pectoris and his experiment with the ligature, ius ® 

statement of the back pressure theory of dilatation and 

whether from valvular obstruction or leakage and his discussion o 

mortem thrombi and aortic aneurysm were notable contributions 

had the spirit of investigation — witness his careful records and spe®* 

of artenal anomalies, his work on epigastric pulsation, his 

artenes to show collateral circulation, his thorough postmortem 

inations and his correlation of chnical and pathologic observations 

His treatise on heart disease, with all its faults, was 

book on surgery of the neck was an advance over anythi^ P 

published He was progressive and capable of growth 

to know of Laennec and Louis, of Skoda and Rokitansky, ^ 

. . . . ’ .nlernist. 


ha'® 


whether pracbemg and studying as a surgeon or as an m 
been one of the leaders among the choice group of Bn i 

whose names add brilliancy to the first half of the nineteen^ 
gproup containing, among others, such men as Stokes, Brig 
Graves, Astley Cooper and Paget 


i,0ll 


^ ^ 

In 1811 Joseph Hodgson (1788-1869), then a young 
awarded the Jacksonian pnze of the College of Surgeons ,, 

his essay on “Wounds and Diseases of the Arteries an 
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supplementary paper with illustrative cases was presented in the same 
year These two contributions, so he said, were the basis of his work 
published in 1815, ‘‘A Treatise on the Diseases of Artenes and Veins, 
Containing the Pathology and Treatment of Aneurisms and Wounded 
Artenes ^ 

Hodgson, a surgeon, naturally considered aneurysm, varicose veins 
and wounds of blood vessels chiefly from the surgical point of view 
The symptoms, signs and diagnosis, together with the dangers and 
natural Instory of untreated conditions and the various plans of treat- 
ment, were minutely descnbed He gave details as to ligation of vanous 
arteries He cited his own experience and that of others made familiar 
to him by a tliorough search of the hterature Yet one errs if one thinks 
Hodgson's interests were purely surgical One of the strikmg features 
of the book is that his views were comprehensive He discussed in a 
thorough and saentific manner the gross and microscopic pathologic 
processes in tlie arterial wall that lead to or accompany aneurysm He 
recognized the close relation between lesions seen m the diseased aorta 
and the coinadental changes m the neighboring valves and coronary 
artenes of the heart He submitted some of his expenmental work 
As an important manifestation of disease of the aortic wall he described 
cylindric dilatation of the arch without saccular aneurysmal bulging 
He referred to the fact that this condition is often seen in those who 
have had syphilis and raised the old question whether syphilis or the 
mercury used m its treatment is responsible for the trouble Today, 
when the relation of syphilis to a diseased and dilated aorta, often with 
accompanying aortic valvular mcompetency, is better understood, the 
French frequently refer to the condition as ntaladie (THodgson, thus 
acknowledging the pioneer character of this important work 

One marvels at the scholarly manner m which this book was written, 
the unusual ability of the young writer of 27 in exposition and argu- 
ment, the clarity, the purity of his English, the orderly presentation 
The frequent summaries are as clearcut, as concise and as logical as a 
good lawyer's brief His accurate bibliographic references show that he 
had made an exhaustive search of the literature of the time 

A separate quarto volume contains the eight plates after drawings 
by Hodgson Six were engraved by J Stewart, two, by J Shury 
These plates were made up of twenty-four figures The drawings 
and the engraving, as well as the printed pages of legends, are beautiful 
examples of the best book making and illustrating of those da> s 

That Hodgson's interest was not restricted to aneurysm may be seen 
when one notes a few other topics that he touched on, some \Lr\ briefl>, 


3 London, T Underwood 1815 
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Others more fully He described valvulitis (p 7), postmortem staining 
(p 8) and aortic regurgitation (p 15) One recognizes in his case III, 
with its plate and accurate description (p IS), a typical instance of 
what is today called bacterial endocarditis He had a clear conception 
of the interfcience with function caused by atheroma in the aged (p 24) 
He depicted the calcareously obstructed aortic valve and contrasted this 
with mitral stenosis In the latter condition he recognized a bruit, also 
a heart pulse that in 1 instance was double that which he felt at the 
wnst (pp 28-33) 

He was familiar with the views of Jenner and Parry as to the 
relation of angina pectoris to disease of the coronary artery, though 
his conception of the peculiar substernal distress to which the term 
angina was applied was not as clearcut as that of Parry, Jenner or 
Pleberden Pie recognized the fact that altered coronary arteries mat 
be a cause of heart disease, citing 3 cases in which these vessels were 
found to be sclerotic and markedly obstructed Thm-walled ventn^, 
and in one case rupture, had resulted from this condition (pp ” 

He described a case of aneurysm of the heart witli an nitraventricu ar 
thiombus, probably from an old infarct (p 84) He 
is now spoken of as relative aortic regurgitation (p 50) He o er 
proof of the rapid compensatory dilatation of minute and preimt 
invisible anastomotic branches in cases of aneurysmal or ig^ 
obstruction (pp 237-238), which recalls the later work of 
1 efei red to cases reported by others that sound like coarctation 
aorta (pp 250-251) He described phlebitis with the thrombi 
a stiikmg picture of cases in which septic phlebitis m j.[urjt)0‘’ 
infection at the time of a venesection oi in connection wit 

(pp 513-517) ton of 

These features of his monograph, especially his descrip i 

IS now usually spoken of as syphilitic aortitis (Hodgson 
were distinct contributions to the pathogenesis and chnica j-gtnig 
cardiology They had, and still have, an interest for the nono 
physician, i e the internist „i tli'i 

It IS worthy of note that Hodgson made his ffe 

metropolis, but m provincial Birmingham, the aty of his m 
Imown as “tlodgson of Birmingham Here, for thirty ’pnicn^ 
engaged in an enormous and lucrative geneial and con^ ' 

In 1824 he founded the Birmingham Eye Infirmar}" ^ 

as a skilled operator on the eye He had an enviable rep^^ 

genitourinary surgeon He had cut for stone m tlie 

losing only 4 patients He was an early advocate of it 

with ample means, he withdrew to London He had no , 

further in practice, though he was occasionally consu 
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patients He became active in various medical organizations In 1864 
he was president of the College of Surgeons He died in 1869 at the 
age of 81, highly regarded by patients and colleagues as a man, a 
ph3^sician and a surgeon 


Some frank comments on his character and ability were made later 
by Sir William MacCormac in his address of welcome as president of 
the Royal College of Surgeons at its centenary celebration in 1900 ** 
He referred to Hodgson as an able surgeon of the old school ^^His 
diagnosis was accurate but cautious’' He was not a brilliant operator 
He was averse to innovations, medical or political In his early life he 
was constantly involved in many quarrels In later years he was 
remarkable for his “suavity and, kindness of manner ” He was referred 
to by another, Dr Madden Stone, as “that mild gentle creature " One 
may infer that Hodgson was a forceful man, an all-around surgeon 
of the older, preaseptic school, of an imestigative yet skeptical turn of 
mind, honest and careful and obdurate in defense of his own views He 
evidently mellowed as he grew older One may wonder whether his 
retirement to London and a quieter life was due entirely to tlie fact 
that he had grown tired of the strenuous practice and had accumulated 
all the wealth he cared for, or whether some sign of ill health warned 
him to slow up The obituary notice in the Lancet (1869) said he wa^ 
believed to have had for years a pulse rate of only 40 


t * + * + 

Much has been written of the remarkable group of men who in 
the first half of the nineteenth century made the Dublin school of 
medicine take rank close to the schools of Pans and Edinburgh The 
internists mcluded Stokes, Graves, Corrigan and Cheyne They might 
not be so well known today were it not that their names are attached 
to certain clinical conditions that were gi\en early and prominent notice 
by them — Graves's disease, Cheyne-Stokes respirations, Corrigan's pulse, 
Colles' fracture, Codes' law of syphilis, Stokes-Adams syndrome Their 
fame however, rests on a surer foundation than the fortuitous and 
fortunate circumstance of having the name attached to a disease or a 
symptom These men deserv^e high rank for their real accomplishments 
Robert Adams (1791-1875), perhaps the least kmown of the group, 
was yet held in high esteem by his colleagues as is shown by the fact 
that he held various hospital and college positions and wab three times 
president of the Royal College of Surgeons of Ireland He made main 
contributions to surgery, especially to the surgical knowledge of diseabc 
of the joints In 1873, when he was 81 \ears old, he brought out \ 
Treatise on Rheumatoid Gout or Chronic Rheumatic Vrthritis " With 

MacCormac, W A-ddress of Welcome in Centenarv oi Ro\al College oi 
Surgeons of England, London 1900 pp 134-135 Brit M J 2 209-212 1900 
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this there was a tine atlas of plates The writer of an obituary in the 
Medical Times ami Gazette referred to him as one highly regarded as a 
man, “a judicious surgeon,” “to be considered as distinguished a physi- 
cian as he was a surgeon ” 

The claim to distinction as a physician is based largely on an article 
of one hundred pages which Adams published in the Dublin Hospital 
Reports ® The title of his paper is “Cases of Diseases of the Heart 
Accompanied with Pathological Observations ” 

Tlie first description of what is today called the Stokes-Adanis 
syndiome is found in this article This description has been quoted so 
often that it need not be repeated here It dearly warrants one m 
crediting Adams with having first noted what was later called tlie 
Adams-Stokes syndrome The name of Stokes is properly coupled with 
that of Adams because Stokes “ in 1846 in an artide in the Dublin 
Qua) telly Journal wrote m a comprehensive manner of this type o 
permanently slow pulse in connection with heart disease Stokes dis 
cussed the relation of all the phenomena to the condition of the h^t 
and spoke of the symptom group as a “combination of a singularly s ow 
pulse, tendency to syncope, and disease of the aortic valve ” He con 
eluded by saymg that he published these observations made on 7 cases 
“with the view of drawing the attention of the profession to ^ 
bination of cerebral and cardiac phenomena, of which our know e o 
still imperfect ” r ^ 

Robert Adams, however, did much more than desenbe for 
time and in a somewhat casual manner the peculiar pulse and seiz^ 
now called Adams-Stokes syndrome His article reveals him as 
of a more than ordinary grasp of the clmical features of heart 
and the associated organic lesions together witli the 
turbances accompanying sucli disease It is surpnsmg to 
expertness as a cardiologist was in a sense avocational, for 
primarily a surgeon He represented the type of operator w lo 
a good all-around physiaan Here are some of the features 
article that substantiate the statement folk 

Several cases of pericarditis were reported Adams, w i ^ 

aware of the fact that obstruction to the blood current .aiJ 

narrowed valve, leads to increase m the musculature o ^ 
that m an analogous manner obstruction to the free wor mg I j 

because of pericardial adhesions may lead to hypertrop ty 
a new view as to the cause of such muscular increase ^ ^ ^ 

Although we not unusually find the heart enlarged where ^th^ P ^ ^ , 

adherent to it this has never been, as far as I know, referre 

5 Adams, R Dublin Hosp Rep 4 353-453, 1827 Skv 7- 

6 Stokes, W Observ'ations on Some Cases ot r 
Dublin Quart J M Sc 2 73-85, 1&16 
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Its mordinate growth, yet when we reflect that m the natural state the heart has 
^ vascu ar connexion with the surrounding organs, and is only supplied with 
Jo small artenes, we can readily conceive what a new impulse its nutrition must 
jrive from the immense number of vessels which irom the adherent pericardium 
will pass directly into the muscular substance ot the heart Under such circum- 
smnces we may fairly attribute enlargement of the heart to the pericardium, as 
e unlimited growtli of a tumour to the organised cyst which contams it 

This, It will be noted, is the basic conception that underlies certain 
operative procedures of today for improving the circulation in a dam- 
aged myocardium by artificially inducing adherent pericardium 

His description of the phenomena of mitral stenosis is such as only 
a careful and well informed clinician could write The thrill, the 
arrhythmia and the pulse deficit are there, the phenomena m the 
jugular and other veins are described The essence of King’s safety- 
valve effect in the giving way of the right side of the heart was clearly 
appreciated His explanation of the phenomena of the jugular pulse 
was based on accurate studies of the veins and heart both before and 
after death Stokes in his generous way gave Adams credit for having 
made the first and the most important contribution to the subject of 
contraction of the mitral valves since the time of Laennec 


Adams came close to, but really missed, recognition of acute 
coronary obstruction as a cause of myocardial softening He discussed 
rupture of the heart muscle, citing a case reported by Dr Cheyne, 
the symptoms of which would today be recognized as those of coronary 
thrombosis The autopsy showed the muscular fiber of the left ventricle 
remarkably soft in its structure so as to admit of being broken down 
between the finger and thumb ” Death had been due to hemopericardium 
caused by a rupture of the wall of the left ventricle through this softened 
area Adams cited a second instance of rupture of the ventricle reported 
by his surgical colleague, the celebrated Abraham Colles 

But Adams came closer than this to discovering coronary thrombosis 
as the following epitome of his words will show He presented a mas- 
terly discussion of ossification of the aortic valves and contraction of 
the aortic openmg The thrill and murmur were noted, as were the 
effects of this lesion on the pulse He clearly recognized a difference 
in etiology between aortic obstruction in the young and the old — a 
juvenile or inflammatory versus a senescent degenerative type In this 
connection he reported a case unique in his experience A fleshy man 
of 68 had been seized with a severe pain in the chest that ran down 
the right arm, numbness, dizziness and dyspnea There was no pulse 
in the right wrist and a weak pulse in the left The next da} and for 
seven weeks, or until death, no pulse could be felt m any artery, ‘'an 
obscure undulating motion could alone be heard w^hen the ear was for 
some moments attentively applied to the side of the thorax ” \ diag- 
nosis of heart disease was made, the exact nature unknowm 
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At tlie exatniiicUioii made the day after death “the heart was large, 
flabby and ot a }'ellow color from fatty deposition ” The semilunar 
vahes of the aoita were ‘‘completely ossified But this bony or eartliv 
deposition was not confined to the aorta , it extended to the coronary 
artei les so completely convei ted into bone as to be quite solid, having 
no peiccptiblc cavity except at the distance of an inch from their origin, 
beyond this the vessels weie at intervals completely interrupted b) 
small bony specks ” 

Those present at the dissection v\ere puzzled to understand the 
symptoms, especially the absence of the pulse, most feeling that the con 
dition of the aortic valves explained all, i e , that only an insufficient blood 
supply could get thiough the narrow orifice But Adams said tliat he 
had seen several other cases of aortic stenosis in which, while the 
pulse had been small, it was always to be felt He concluded that some 
other cause contributed to this eftect and believed it was found m tlie 
obstructed coronary arteries He aigued that in other muscular organs, 
if the natuial blood supply is cut oft, paialysis, partial or complete, 
follows 


than 


When we reflect that the heart can derive no supply from any other source 
Its coronary vessels, it will not appear then so extraordinary that partial 
should be tire immediate consequence of the complete obstruction of these c lan 
upon which the heart is evidently so dependent The paralysis, if we sr 
denominate it, was not in this instance, and indeed seldom is m 
complete as to deprive the muscular organ of all power of motion 
was still just capable of contracting, and thus passing onwards the blood it rec^^^ 
but so feeble was its impulse that the slightest motion was not percep 
any branch of the arterial system 

It IS evident that there must have been something mechanical m 
which thus impeded the action of the heart 

A few sentences later he said “The suddenness of the 
the pulse precludes the possibihty of our accounting for it on mec 
principles ” Apparently he meant that there was no 
mechanical obstruction of the radial or other peripheral 
regarded the case as an irregular form of angina pectoris 
eluded “Thus, although we can have but little doubt that m 
we have just been considering the organic seat of 
complaint was to be found in an ossified condition of t le 
arteries of the heart and aortic valves, we are not by sue i a 
ation furnished with any certain means of knowing why t le^ gtpei^ 
denly ceased in every artery in the body at a time when 
health seemed unimpaired ” , 

One cannot help thinking that had the myocardiuni ji-' 

more carefully evidence of recent damage might have ' 

more thorough search in the coronary vessels would laie 



HERRICK^HEART DISEASE 


363 


oftendmg thrombus As it was, by exceptionally clear, logical reasoning 
Adams came close to discovering the true nature of cases that today 
are not so m>stifying as tliey were a hundred years ago ^ 

Adams was far from being a lesser light in the Dublm galaxy 
He was of greater brilliancy than has been generally recognized He 
had m him the elements of the true clinical investigator and deserves 
most honorable mention m any history of cardiology 
122 South Michigan Avenue 

7 Some may question the fact that a patient with acute coronary occlusion 
can live for days with no perceptible peripheral pulse I am sure, however, that 
vis is possible I observed 1 case in which no radial pulse could be felt for six 
or eight hours before death, the patient being quite conscious durmg this time In 
another patient who lived for five weeks after the coronary acadent there was 
never felt during this period more than a rapid, extremely small thready radial 
pulse For hours at a time neither the nurse nor the physician could feel it at all 
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THORACIC GOITERS 


THOMAS M JOYCE, MD 

POKTL\ND, ORE 


Substei nal and intrathoracic goiters differ only in ’degree In 
present series, when the major poition of a goiter occurred above the 
sternum, \\ith only prolongations extending below it, the growth was 
classified as substernal, and when an entire adenoma was below the level 
of the sternal notch it was classified as intrathoracic In the past ten 
years 173 substernal and intrathoracic goiters hav^e been encountered, and 
during that same period, 1,334 operations on the thyroid were performed, 
giving an incidence of 12 9 per cent of abnormally situated goiters 
Nine of the 173 patients, or 5 2 pei cent, had had one or more previous 
operations on the th}roid gland, vaiying from eight months to twent) 
one years The recurrence of eight months was undoubtedly present at 
the time of the first operation, but the recurrence occurring twenty-^^ 
years after the first operation may or may not have been present at 
time of the first operation One patient had had three operations wd ^ 


three years for the same symptom — pressure — before being 


relieved 


The first and second operations had removed practically all o 
normally situated thyroid without the intrathoracic tumor even 
suspected 

REPOST OF CASES 

C \SE 1 — E K , a single woman aged 60, was seen in March 1931 
undergone the menopause at the age of 42 , 

Thyroidectomies had been performed in June 1927 and June 192 
The patient had for years been subject to “stranglmg spells an 
especially if she changed her position quickly She did not become cy ^ 
had difficulty in getting her breath She complained of 
the chest with these spells She complained also of a spastic, irnta e^ 
had been under treatment for this complaint for over a year The 
urme were within normal limits, the Wassermann reaction was gO 

blood pressure was 128 systolic and 76 diastolic The pulse in 

thyroid tissue was palpable There were no rales There nas -jp 

upper part of the left side of the chest The breath sounds were 
abdomen was full and tender jurnof*’^, 

Roentgen Examination — The superior mediastinum showed a lar^^^ ^ [.^ 
with displacement of the trachea and the esophagus to the rig 
the appearance of a substernal thyroid 

Diagnosis — The diagnosis was intrathoracic goiter and spastic c 
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Com; The patient was operated on in March 1931 Procaine hydrochloride 
and ethylene were used The tumor was attached to the lower pole of the remain- 
ing left lobe In remo\nng the tumor the pleura was opened with a small amount 
of hemorrhage One large pack was left in the neck for four dajs and, removed 
graduall} There was no bleeding 

A roentgenogram taken on Ma}^ 1 (fig 15) showed the lung fields to be 
clear There was no substernal shadow This case illustrates the absolute necessity 
of roentgen examination in diagnosis Figure 1 illustrates the condition before and 
after operation 

The manner of production of substernal and intrathoracic goiters 
has been a subject of discussion, but with an adenoma from the lower 
portions of either lobe and considerable pressure above of muscles or a 
low-lying thyroid gland, it is easy to see this gland develop m the line 



Fig 1 — Condition {A) before and (5) after treatment 


of least resistance, and after being ''hooked'' below the sternum it can 
develop only downward Also, the influence of swallowing tends to 
direct the growth downward 

The enlargements were evenly divided as to location , 61 occurred on 
the right and 60 on the left, with 7 on both sides and no mention made 
of the situation of the remainder There was no case, ho\ve\er, in which 
the intrathoracic extension was completely separated from the lobes 
above, as with an aberrant th\roid 

S\ MPTOMS 

The predominating s\ mptoms w ere cardiac disturbances and pressure 
^\lth dyspnea, husky \oice, tumor and enlarged \eins (case 2 (not 
described] fig 2) o\er the neck and upper part of the ehest in tlu order 
) mined (cardiac disturbances to include the cardne signs> incident to 
the toxic nodular t\pe ot goiter) \gain, the duration oi these '.Mnjitoms 
Mned irom one to fort\ \ears 1 he \oungest patient wa^ 17 ind the 
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oldest 7S, with an a\cragc of 5 1 yeais, females predominated, in a 
ratio of 5 to 1 

It IS not the sue ot the tumor which causes the most distress but its 
ocation A small adenoma which will slip up and down under the 
sternum directly in front of the trachea will cause much more discomfort 
t lan an enoimous mtiathoracic tumor which has room to enlarge with 
out causing pressuie on the trachea or on the vessels of the neck The 
average amount of tissue removed was 164 Gm , the largest tumor 
weighing 590 Gm (case 2 [not described], figs 2 and 3) One of these 
patients, with an mtrathoracic tumor on the right, had definite cardio- 
spasm for which dilation had been done repeatedly Roentgenograms 



Fig 2 — Patient in case 2 (not described in text) 


jn 




of the distal part of the dilated esophagus had not included 
thoiacic tumor, and not until the tumor was removed did tlie ca 
spasm subside 

Interference with swallowing \\as a very minor complaint 

Laryngeal displacement and mvoh ement of the vocal cords 
m 13 patients, or 7 per cent, 3 of whom had been operated on 
and stated that changes in the voice followed operation 
10 patients with involvement of the cords who had not i 
operations and undoubtedly the lesion of the vocal corda 
stretching of the recurrent laryngeal neiwe either h\ disP'"^ 


rfl 
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the large vessels in the upper part of the thorax or by displacement of 
the larynx due to the tumor mass 

DIAGNOSIS 

The diagnosis of mtrathoracic and substernal goiters should not be 
difficult From the history, the general appearance of the patient, the 
enlarged vessels, the husky voice, the cyanosis, the position of the larynx 
and trachea to palpation, the inability to palpate the lower poles of the 
gland and finally the fluoroscopic and roentgen evidence, one should 
be able to differentiate these goiters from aneurysm, lymphosarcoma, 
metastatic growth, lipoma and mtrathoracic dermoids 

As IS illustrated by case 1, a roentgenogram taken before operation 
may save the patient either one or two operations 

Case 3 — Mrs W J N , aged 50, was first seen on Sept 25, 1939, on account 
of palpitation due to an enlarged thyroid She had been operated on in 1919 



Fig 3 — Roentgenograms taken in case 2 (not reported) The amount of tissue 
removed was 590 Gm Roentgenogram B show s the result of treatment and indicates 
the point at which the clavicle was separated from the sternum 


for a large nodular goiter This started to recur a \ear later, and in 1932 she 
was reoperated on She had had no signs of pressure since her last operation, 
but her voice had been husky Her history was otherwise irrelevant 

Examination showed that the left recurrent laryngeal nerve was paralyzed 
Roentgen examination showed a mass in the mediastinum extending down 
to the level of the sixth thoracic vertebra (fig 4) 

The patient was operated on Jan 15, 1940 and the tumor was removed 
without injuring the right recurrent larjngeal nerve Recoverv was uneventful 
'^gain, this tumor was not suspected until a roentgenogram was taken shortI> 
before the patient registered at the clinic 


OPLR.\TI\ E METIIODb 

Before operition, all the patients are carefulh examined bv a cardi- 
ologist and an internist and kept for from two da\s to weeks preparing 
for surgical removal of the tumor 
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My ancbthciia tor yoais foi all goiters has been induced by injection 
of a local anesthetic agent into the skin and muscles, tollowed with 
ethylene The usual collar incision is used Twice m this senes we 
have had to separate the clavicle from the sternum (case 2, fig 3B) 
before being able to lemove the tumor, and once it was necessarj' to 
perform a tracheotomy for compression of the trachea — during opera- 
tion The opening m the trachea was closed immediately after the 



Fig 4 — Roentgenograms taken in case 3 A, anteroposterior view, 



^3 


, ' B 


Fig 5 — substernal goiter, showing the displaced 
reported) B, bilateral substernal shadow (case 5, not reporte 

r betii 

obstruction was relieved The tracheal rings have gro^'' 

to be softened from pressure or displacement with a ^ jjj/tratl’^^ ' 
and m my experience only once, years ago, collapse ^ 
a case of benign tumor occurred about twelve hours 
It was relieved by immediate tracheotomy, reco%er\ 
followed 
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Soft tracheal iings were noted only in cases of carcinoma of the 
thyroid with involvement of the trachea In 3 cases of this series of 
mtrathoracic and substemal goiters there was hemorrhage which from 
pressure required reopening of the wound and suturing of the gland 
or packing of the wound open There were no bilateral nerve injunes, 
although unilateral paralysis has occurred (I do not know the exact 
number of instances, as unfortunately no check was made postopera- 
tively ) I have not attempted to obliterate the cavity from which the 
tumor was removed but have frequently left a gauze pack in the wound 
and gradually withdrawn it in from two to five days 

The mortality has been 0 05 + per cent for this group of patients , 
that is, there was 1 death, which occurred the day after operation from 
acute dilatation of the heart, and for the total number of thyroids 
operated on, 1,334, during this ten year period, there were 8 deaths, 

or 0 05 por cent 

CONCLUSIONS 

With care, injury to the laryngeal nerves may be avoided Absolute 
hemostasis is necessary Fluoroscopic study and roentgen plates are 
essential before secondary operations are undertaken 


ADENOA'IYOSARCOMA OF THE KIDNEY 
(WILMS TUMOR) 

REPORT OF THREE CASES 


HERMAN L KRETSCHMER, MD 
Urologist, the Presbyterian Hospital, Attending Urologist, 
the Children’s Memorial Hospital 
CUICAGO 

The large number of articles which have appeared during the 
ten years on the subject of malignant renal tumors in children is evidence 
of the widespread interest in this subject Not only does the urologist 
regard this subject with deep concern, but the pediatrician, the 
roentgenologist and the pathologist are equally interested One of the 
results of this trend toward intensive chmcal and pathologic study of 
malignant renal tumors on the part of the aforementioned speaalists has 
been the uniform terminology now used in reporting the cases 

In a previous communication ^ I called attention to the fact tint 
these tumors have certain characteristics which the ordinary renal tumors 
do not possess and that these may be enumerated as follows 1 Althoo^, ^ 
a few cases have been reported in which the tumor occurred in 
the fact remains that it is essentially a disease of infancy and childh 

2 As a rule it runs a silent and rapid course, as is evidenced 
fact that the tumor reaches a large size before medical aid is 

3 The histologic picture is umque and singularly characteristic I 
outcome is generally fatal 5 A multiplicity of theories have 
advanced from time to time regarding the pathogenesis 

The cause of the Wilms tumor, m common with that of 
nant tumors, is unknown However, the consensus seems to be t 
congenital In none of my cases was I able to obtain a definite 
of trauma, although in 1 instance the mother thought the c 
been injured 

Many theories have been advanced concerning the patho^e^^ ^ 
this type of tumor, and it may be desirable to review some o 
briefly here 

PATHOGENESIS OF WILMS TUMOR ^ 

Eberth ^ gave a very accurate description of a mixed tuin 
kidney He called attention to the presence m such neoplasm^ 

From the Children's Memorial Hospital 

1 Kretschmer, H L J Urol 39 250-275, 1938 ^ 

2 Eberth, C J Virchows Arch f path Anat 55 518, 18 - 
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than one type of tissue and attributed their origin to inclusions of the 
Wolffian body He attempted to account for the presence of stnated 
muscle on the ground that the connective tissue of the wolffian body 
is rich in embryonal muscle cells Later authors pointed out that the 
embryonal tissue Eberth referred to gives rise to nonstriated but not to 
stnated muscle fibers 

Birch-Hirschfeld ^ expressed agreement with Eberth that these 
tumors have their origin in the wolffian body He expressed the belief 
that such an origin would explain the intimate relation between the tumor 
and the kidney, without, however, a true blending between the renal 
substance and the tumor tissue Later he wrote that the glandular 
tissue is primary, having its origin in the residual tubules of the 
wolffian body 

Busse and Muus advanced the hypothesis that mixed renal 
tumors originate trom a segregated portion of the renal blastema, which 
at some time dunng its fetal life proliferates and fails to develop nor- 
mally The various types of tissue present develop by a process of 
metaplasia. 

Wilms pointed out that the wolffian body cannot be expected to 
produce the variety of tissues found in these growths and that they are 
mesodermal m origin He assumed that their anlage is a fragment of the 
primitive undifferentiated mesodermal tissue of the type which m the 
course of normal development gives rise to the myotome, the sclerotome 
and the nephrotome 

Herzog and Lewis ® stated the belief that these tumors owe their 
origin to an inclusion which is formed when the nephrotome is not 
out off at the usual site but is cut off in such a manner that a portion 
of either the myotome or the sclerotome or both remains in connection 
with It 

Hmman and Kutzmann ® called attention to the fact that opinion 
concerning these embryonic mixed tumors is far from uniform They 
stated that it is possible that the simple tumors, or so-called sarcomas, 
may be explained by Birch-Hirschfeld's theory and the more complex 
types by Wilms’s theory 

Dean and Pack ^ expressed the opinion that, as these tumors mav 
v'lr}'’ markedly in the degree of differentiation of their component cells 

3 Birch-Hirschfeld, F V Centralbl f d Krankli d Harn- u Sex -Org” 

5 97 1894 

(a) Busse O Virchows Arch f patli \nat 157 346 and 377 1899 
(If) Muus N R ibid 155 401-425 1899 (c) Wilms M Die Mi chge- 

schwulstc der Niere, Leipzig A.rthur Gcorgi 1899 

5 Herzog, M, and Lewis D Am J M Sc 119 693-701 1900 

^ Hmman, F , and Kutzmann A A Ann Surg SO 569 590 1924 

7 Dean, A and Pack G Embr^onal Adeno‘;3rcoma of Kidne\ J A \r V 

10 17 (Tan 2) 1932 
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uiul lu ihi. luiuilicr ui tihsucb rcprcsctucd, it ib cvidLiit that they originate 
at diitcrciit ciiihruiiiic dcNclopiiKiital jx.riodb The renal blastoma, or 
neplirotoiiie*. is the predoniiiiant CDiitrihutnig structure* 

( le'seliieklci and W ideiihorn ““ bUited th.it the earlier theories of 
patlioi^enesis, rehuiiii,' the \\ ihiib tumor to the wolffian body or to 
alKirant usts tium the seleroiome .md nuotome, liave been superseded 
by data rel.itinii these tumors to embryonic nephrogenic tissue They 
stated 

Vpt)ro\imal<.l\ twu-tlurcls ot all \\ ilms tiiii coiuain onlj those microscopic 
tleintiUs at spuulk ctlK aiul t.arl\ uibuk lorniation which can be found in the 
normal tmhr\onie ki(lnt\ or in tin. ^onc of (le\clopmciit jiist beneath the capsule of 
the kidiict in normal iniants a lew monthi. alter birth The majority of these 
tumors, therefore are ot the normal develeipmental processes occurring in the growth 
bones ot the renal eortes in late fetal lite or m tlie first few months after birth. 

The oeeurrenee oi cartilage, bone, or muscle in approximately one-tiurd of 
these new growths is nov strange when we consider that the more undifferentiated 
mesenehj nnl spindle cells tound in the normal nephrogenie tissue in the process of 
dceelopment may retain the multiple potentiaht\ for the elaboration ot all of the 
normal mesenchymal dernatnes 

Euing®*^ called attention to the tact that “the interpretation of the 
origin of renal mixed tumors has passed through several phases and 
coxered all apparent possibilities An origin from an aberrant sex cell 
has been deemed necessary by' Ribbert, xvbo interpreted some of the 
epithelial rosettes as nenro-epithebum, and who emphasizes the presence 
of all three germ layers ” , 

I shall present 3 cases of Wilms tumor obserxed at the Childrens 
Memorial Hospital since the last senes of cases xvas published ^ 


REPORT OF exSES 

Case 1 — E S a white boy aged 1 year and 8 months, was admitted to 
Children’s Memorial Hospital Dec 12, 1937 

Previous History — The previous history w’a'; irrelevant 
Complaints on Admission — There had been gradual enlargement of the 
and loss of weight for two months, restlessness and irritability for two^ 
diarrhea for the past few days, swelling of the legs for one day an 
cough for several days Three days previously the child had la an 
vomiting, he was always constipated The mother said that t ere 
some frequency of urination, but she was very indefinite in her statemen 
Physical Examination — The child was acutely uncomfortable, wit 
embarrassed respiration The head, neck and heart were norma , ^tended, 
were heard at the base of the left lung The abdomen was enormously 

Am J Cancer 22 620-d58, 


8 (a) Geschickter, C F , and Widenhorn, H Am J Saunders 

1934 (6) Ewing. J Neoplastic Diseases, ed 3. Philadelphia, W 

Company, 1934, p 797 
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prominent, engorged blood vessels were observed over the front and side of the 
abdomen (fig 1) The abdomen was very tense and flat on percussion There 
was a large, hard mass m the left flank, which extended to the pubic area 
inere was marked protrusion of the umbilicus 

Rectal Examination The lower border of the mass was felt there were 
definite signs of fluid in the peritoneal cavity 

Blood Pressure The blood pressure was 80 systolic and 68 diastolic. 

B/ood— Examination of the blood showed red blood cells, 3,100,000 per cubic 
millimeter, white blood cells 22,500 per cubic millimeter, hemoglobin, 02 per cent. 



^ (case 1) — Enormous distention of superficial \eins of the abdomen and 
c Io\\er part of the chest Note the marked protrusion of the umbilicus 


Po >morphonuclear neutrophils, 70 per cent, hmphocytes, 27 per cent, eosinophils 
per Cent, and basophils, 3 per cent The Wassermann and Kahn reactions were 
negatue The \alue for nonprotein nitrogen was 38 1 mg and that for urea 
nitrogen 222 mg per hundred cubic centimeters 

Vniu Repeated examinations of the urine ga\e negatne results 
^oentgm Lraminatwn — The chest showed no metastases The diaphragm was 
^ \ large homogeneous mass ncarh filled the abdomen There was lateral 

upward displacement of intestinal gas shadows (fig 2 *f) 
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Intravenous pyclograins showed dilatation oE the ureter, pelvis and calices of 
the right kidney (fig 2 B) There was only partial visualization of the slighUj 
dilated calices on the left side 

Abdoimiial Paracentesis— On December 13 thick, bloody fluid and a few pieces 
of tumor tissue were obtained Histologic examination (Dr W G Hibbs) 
these pieces showed the presence of Wilms tumor 

Treatment and Course— A course of high voltage roentgen therapy was recom 
mended and carried out The patient received twelve treatments, consishng o 
2,436 r After the treatment was begun there was some recession in e sim 
of the abdomen, but this was only temporary, and the abdomen gradually mere 
in size The child was discharged from the hospital on Feb 28 19 e 
at home on !March 21 



~ f the intestinal 

Fig 2 (case 1) —A, lateral and upward ° de due to 

shadofvs k d.lata.,on of the ureter and caltces on *= 
by the tumor A small collection of dye is seen on 

Conmmt -This case illustrates the fact '"rcaln«''' 

show a marked reduction m size after high voltage roeiit. 

Case 2— K C a white boj aged 2y2 years, was admitted 
Memorial Hospital Aug 17, 1938 chickenpox m 193 

sr s at::™:™. - 

fT' Ik ' 

and lungs uere normal Examination 
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a large, rounded, smooth, hard, nontender mass on the right side, extending to 
the left of the midline. The mass filled the entire right half of the abdomen There 
was no rigidity The liver and spleen were palpable The external genitalia were 
normal The lower border of the tumor was easily felt witli the finger on rectal 
examination 

Blood Pressure The blood pressure was 150 systolic and 95 diastolic 

Blood — Examination of the blood showed red blood cells, 5,450,000 per 
cubic millimeter, white blood cells, 6,000 per cubic millimeter, hemoglobin, 80 
per cent, polymorphonuclear neutrophils, 54 per cent l>mphoc}tes, 42 per cent. 



Pig 3 (case 2) — There is no visualization on the side occupied bj the tumor 
The opposite pyelogram is normal 


mononuclears, 2 per cent , eosinophils, 1 per cent, and basophils, 1 per cent The 
Wassermann and Kahn reactions \\ere negatue The \alue for nonprotein nitrogen 
was 38 1 mg per hundred cubic centimeters 

Unne — The reaction \\as acid, albumin was present there was no sugar 
blood was present, there were many red blood cells and occasional white blood 
cells, but there were no casts Repeated examinations of specimens of unne on 
three occasions re\ealed blood and red blood cells 

RoiutycJi E tajiiDiaitott — The chest showed no evidence of metastases There 
Were no signs of calculi in the unnarv tract An intravenous p>elogram showed 
the left Side to be normal There was no virtualization of the dve on the right 
(fig 3) ^ shadow in the soft parts suggestive oi tumor was c^em 
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The diagnosis was Wilms tumor of the right kidnej A course of high \oltage 
roentgen therapy was instituted, and a total of 3,192 r was given There was no 
diminution m the size of the tumor Operation was advised 

Operation — On September 22, with the child under ether anesthesia, the usual 
oblique lumbar incision was made on the right side, and a nephrectomy was 
performed 

Histologic Diagnosis — The diagnosis was Wilms tumor (Dr W G Hibbs) 
Postoperative Course — The course w^as uneventful, and the child was dis 
charged from the hospital on October 14 Postoperative therapy was advised 
Subsequent Course — >The child died at home very suddenly on Aug 7, 1939 
He came in from plav complaining of being tired, went to bed and died m one 
hour 


Case 3 — M W, a w^hite boy aged 7 years, was admitted to the Childrens 
Memorial Hospital Aug 14, 1939 

Previous History — The history was unimportant except for an attack of lobar 
pneumonia m March 1937, followed by complete recovery 

Complaints on Admission — There ^vas a large mass in the abdomen The 
mother stated that the child had apparently been well , he had not complaine 
About a week previously she had noticed that the right side of the abdomen was 
larger than usual and that the umbilicus was more prominent There 
complaints referable to the urinary tract and no history of hematuria The 
slept well, played heartily and had a good appetite 

Physical Ejiamination — The boy was Avell developed and well 
with a sallow complexion and a fine texture of the skin The head an 
were normal except for the presence of some enlarged, nontender cem^ 

The heart and lungs were normal The diaphragm was high, especi J 
right side A mass in the right upper quadrant of the abdomen, ar ^ 
tender, extending forward from the region of the kidney to the outer 
rectus muscle, was present The lower edge of the tumor was at, 
below, the level of the anterior superior spine of the ihum The upper 
mass, the surface of which was smooth, was separate and distinct rom 

the liver The Iner was enlarged and extended the lower 

the costal margin The veins over the right side of the ab omen a 

of the chest were prominent (fig 4) ® ^,:,ctoIic 

Blood Pressure The blood pressure was 120 systo ic an ^ 100,000 

B/ood— Examination of the blood showed ^Je^oglobin, ^ 

cubic millimeter, white blood cells, 6.900 per cubic n '444 nig , 

cent On August 15 the value for nonprotein ni centimeter^ 

creatinine, 15, and that for uric acid, 3 8 mg, 1^ '^82 mg , creatinine, A 

On September 20 the values were nonprotein nitrog , - 
mg, and urea nitrogen, 12 ^ mg . \\a> a 

Urine— Tht reaction was acid, the specific ^^35 seen Otb^^ 

trace of albumin but no sugar An occasiona w ^ during 

wise the unne was normal Subsequent examuia specimen (SeP 

e„l.re stay the hospttal gave negat.ve results except for 
tember 27), which was loaded with pus . showed no »tnne »' 

Roentgen Exam%nation — A plain film of t e a 
the urmary tract A large shadow m P ^owed the leaver o> 

^ Somen Roentgen study of the chest (August lo) show 
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diaphragm to be high On August 31 a metastatic area in the lung was observed, 
measuring 2 by 2 S cm On September 6, the density appeared slightly larger , the 
patient had received two roentgen treatments to the chest On September' 15 
anteroposterior and lateral views failed to show the oval dense shadow noted 
previous y in the base of the right lung On September 25 there was no roentgen 
evidence of a pulmonary lesion or of fluid m either pleural cavitj 

On August 16, intravenous pyelograms showed normal conditions on the left 
and no evidence of the visualizing mediums on the right side A very large 
shadow was seen in the soft parts 



the 


4 (case 3) — Enormous distention of the superficial \einb extending from 
sternum to the symphysis pubis 


C>stoscopic stud> revealed that the bladder and the ureteral orifices were 
normal The retrograde p^elogram showed a filling delect compatible with tumor 
of the right kidne> (fig 5) 

of tiu Abdomen — On August 24 there was defiintL enlargement 
%eins were more prominent over the lower part of the thorax and the upper 
part of the abdomen than thev had been at the previous examination There wa:» 
nnmibtakable ascites The umbilicus was \er> large and protruding 

^mtjnosts — The diagnosis was Wilms tumor High voltage roentgen therap> 
'\as advised The patient was given 2 000 r 
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Abdomuial Paiaccntcsis — On August 20, 1,300 cc of fluid was removed Exami- 
nation for tumor cells ga\e negative results 

Coui'sc — On August 29 there was edema of the scrotum The veins of the 
upper part of the abdomen and the lovver part of the chest were markedlv increased 
in size The Iner was enlarged, hard, irregular and nodular 

On September 10 ascites was noted to be increasing rapidly again Edema 
over the chest was less marked There had been edema of the left leg dunng the 
last two da}s By abdominal paracentesis (September 12) 2,700 cc. of slightlv 



Fig 5 (case 3) — Schematic representation of a retrograde p>elogran, 


a filling defect compatible with tumor 


cloudy straw-colored fluid was withdrawn Culture of the fluid show 

ylococcus albus , . ^ 

The patient died on September 29 Postmortem roentgen ^ 
by Dr Anspach again failed to show the metastases m the right 

Septetnber 6 f Dodul^f 

In spite of the seeming improvement and the disappearanc ^ 

shatovs m r»n.g.n Wms. tags on pos.„,or.em oxa„«sl.on nerc 

ulth active metastatic nodules 
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Auto(>sy (Dr W G Hibbs) —There were embrjoma of the right kidney, with 
^rect invasion of the inferior vena cava, adrenal vein, renal vein and nght auricle 
thrombosis of the left common iliac, hypogastric external iliac and saphenous 
veins, thrombosis of the right common iliac vein, fibrous adhesions behveen the 
tmor, gallbladder, liver and duodenum, duodenal obstruction, metastases in 
hver, the lung and the retroperitoneal Ussue, congestion of the liver, ascites, 
edema of the left lower extremity, and right pleural adhesions (fig 6) 



Fig 6 (case 3) — Tumor in tlie right kidney, with a tumor thrombus in the 
renal \ein, both renal veins and \ena cava The tumor thrombus extends into 
'he right auricle 


Comment — There are three interesting and outstanding facts in this 
case 1 After roentgen treatment of the chest, the metastatic nodule 
‘^cen in the films made September 6 was not demonstrable b\ the 
roentgenogram Roentgen examination of the lungs prior to autopsv 
re\ealed no abnormalitv, ^et autops\ showed that the Jungs were 
riddled with metastases This introduces the question whether a “nega- 
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tive” film ahva) s means absence of metastases to the lung 2 Roentgen 
therapy failed to cause a reduction in the size of the tumor 3 There 
was extension of the tumor from the kidney into the right auricle 

AGE 

The Wilms tumor occurs with great frequency in infants and voung 
children In two thirds of my cases the patients were under 4 lears 
of age 

Schafter ° reported a case m which the tumor occurred in the single 
kidney of a deformed tetus, and Lubarsch described 4 cases of its 
occurrence in fetuses and newborn infants Cases have been reported 
of its occurrence m adults, but they are very rare 


SEX 


The sex incidence is of little aid m the diagnosis In ray previous 
studies IS patients were males and 6 were females In the 3 cases 
that form the basis of this paper all the patients ^\ere boys It would 
appear, therefore, that boys are more frequently afflicted than girh 
(77 77 per cent) 

GROSS PATHOLOGIC PICTURE 

The Wilms tumor is predominately unilateral Bilateral tiiraors haie 
been reported but they are uncommon I have observed 2 such grow tli^ 
The tumor varies greatly in size The smallest tumor tliat I have seen 
weighed 235 Gm The growth may nearly fill the abdomen and exten 
into the pelvis so that it can be felt on rectal examination Tins 
occurred in 2 of the 3 cases reported in this paper There may be is 
placement of viscera The tumor may take its origin from either 
upper or the lower pole or in the middle ot the kidney It is encapsu^ 
lated , it is globular or oval, and it often appears lobulated The su 
is generally smooth, although a nodule may protrude above it 
kidney is separated from the tumor by a sharp line ot , 

(fig 7) The kidney is compressed by the growth and su ers^ 
pressure atrophy The pelvis also is compressed except in t le 
instances in which the tumor seems to grow around l,ave 

my experience the tumor is solid In none of my cases^ i 
the appearance of a poIyc>stic kidney, although this has ee 
tioned in the literature 


9 Schaffer, cited by Ewing Ong.nJ 

10 Lubarscli, cited by AlacKenzie, in Cabot, H I^toderi ® ^ol 

Contributions by American Authors, ed o, Philadelphia, Lea 

&etschmer, H L , and Hibbs, W G Surg, G>iiec & Ob,t 52 1-2-1 iW 
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The tumor may invade the renal vein In 1 of my cases (case 3) 
It invaded the renal vein and the vena cava and extended into the right 
auricle of the heart Invasion of the heart by a tumor thrombus is 
very rare (fig 7) In Merkel's case a tumor thrombus extended 
from the invaded vena cava into the heart 

The cut surface is generally firm and lobulated and vanes in color 
Dark areas are often present due to hemorrhage within the tumor In 
some instances the tumor presents a lobulated appearance due to con- 
nective tissue 



1 (case 2) — Line of demarcation between tlie tumor and the kidne> Note 
t e dark area in the tumor, due to hemorrhage 


MICROSCOPIC PATHOLOGIC PICTURE 

In a previous publication Hibbs and I stated 

The embr\onal structure of these tumors is their most distinguishing feature 
'vitli a variety of tissue of abortive renal elements The t>pes of cells and amount 
'^iry in different tumors They are usually myxomatous tissue composed of masses 
of polymorphous nucleated cells in which are imbedded gland or duct like figures 
resembling urimferous tubules which ma> be sparse or abundant These embr>onic 
tubules in a heterogeneous matrix are tlie most conspicuous features 
hi addition there are epithelial and connectne tissue elements The connects e 
tissue elements consist of loose stroma undifferentiated round celK striated and 
nonstnated muscle fibers 


12 Merkel Beitr z path Anat u z allg Path 24 475 1898 
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Cartilage and bone cells may be present in some of these tumors, but 
they are rare and I have never seen them 


SYMPTOMS 

It IS a well recognized fact that this sort ot tumor runs a relaUvely 
silent course As can be readily understood, this is most unfortunate 
for the patient, since in many cases treatment is sought too late for 
surgical relief, as was instanced in 2 of the 3 cases reported in this 
paper Another drawback is the fact that symptoms referable to the 
urinary tract are absent, with the possible exception ot the rare cases in 
which hematuria is present Likewise, pain is a relatively uncommon 
symptom and occurs late in the course of the disease Anemia and loss 
of weight are late manifestations , hence, when the child is brought to 
the physician because of these symptoms the condition is far advanced 
Pressure symptoms, such as nausea, vomiting, constipation and short- 
ness of breath, are also late occurrences 

What is most unfortunate in these cases is that the symptom that 
most frequently brings the child to the physician is the presence of an 
abdominal tumor, accidentally noted by the mother or nursemaid 

A palpable tumor was noted in each of the 3 cases reported in this 
paper The enlargement was always progressive and painless The 
growth varied in size within more or less wide hmits, that is, from a 
small tumor which was just palpable to one which filled or nearly filk^ 
the abdomen In 2 of the cases the tumor extended into the pelvis, 
so that its lower border was felt with the finger in the rectum It is 
rarely if ever, painful on palpation, and the consistency is hard The 
surface may be smooth and nodular In the larger tumors there may 
be upward displacement of the diaphragm, and in several of my cases 
the intestines were displaced to the lateral border of the abdomen (fig - 


DIAGNOSIS 

As a rule the diagnosis presents no difficult problem The preseiic 
of an abdominal tumor which has rapidly increased m size and is lar^' 
sometimes nodular and nearly always painless, coupled with t e 
that the commonest abdominal tumor in children is the Wi ms 
should lead to a tentative diagnosis of that tumor in the case ot ei 

child with an abdominal growth ..rolooic 

The diagnosis should be based on the results of a comp e e ^ 
study m every case The plain roentgen examination ° ^ 

large shadow m the soft parts that m general conforms ^ 
shape of the abdominal tumor But its ^ ocLmnallv 

of a Wilms tumor, since other retroperitoneal turn , 
a large hydronephrosis, may cause a similar shadow 
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The diagnosis is further strengthened by changes in the pyelograni 
that are compatible with tumor In a previous publication, however, 
attention was called to the fact that in very rare instances the tumor 
in its growth produces no changes in the pelvis and that therefore the 
pyelogram may be normal, a fact that should not be overlooked 

In every case in which a tentative diagnosis of Wilms tumor is 
made, a plain roentgenogram of the chest is taken to rule out the possi- 
bility of metastasis, and a plain film of the abdomen is made to rule out 
stone m the unnary tract A shadow on the aflfected side is generally 
present, and this concurs more or less closely with the size and outline 
of the tumor It would be well to bear m mind that a large shadow 
in the soft parts is not necessarily pathognomonic of a Wilms tumor 
but may be due to hydronephrosis, neuroblastoma or some other retro- 
peritoneal tumor 

The next step in examination consists of obtaining a set of intravenous 
urograms Occasionally there may be complete failure to visualize the 
renal pelvis on the affected side although the opposite pelvis is shown 
as normal But, on the other hand, the pyelogram is frequently most 
dependable, since it shows a filling defect compatible with tumor In 
case the intravenous pyelograms do not yield the desired information, a 
retrograde pyelogram should be made Cystoscopic examination, cathe- 
terization and functional tests are carried out before removal of the 
tumor is undertaken 

Failure to visualize the pelvis does not alwa} s mean tumor and hence 
must be checked with a retrograde pyelogram In 1 case in which a 
tentative diagnosis of Wilms tumor was made and in which there was 
no visualization of the pelvis, a retrograde pyelogram was not made At 
operation a large hydronephrosis was found 

It is necessary, of course, to rule out other retroperitoneal tumors, 
such as neuroblastoma, sarcoma and lipoma At times it may be neces- 
sary to differentiate enlargements of the spleen, tumors of the ovarv 
and cysts of the omentum As a rule these offer no special problem 
after a complete urologic study has been earned out 

TRE^VTAIENT 

A good many differences of opinion still exist as regards the best 
form of treatment McNeill and Chilko,^^' m a sur\e\ of 383 cascb 
reported in the literature or observed personall}, found that six t^pes 
of treatment have been followed fl) nephrectomy alone ( 2 ) the use 
of serum m conjunction with nephrectomv Cole\ ha\mg reported a good 
result from this method (3) roentgen therap\ to reduce tlie size of the 
tumor and kill the embr\onaI ceIN followed bv nephrcctonn (4) 


13 McNeill W H Tr and Cliilko AT T L rnl 39 287 303 1038 
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roentgen therap}' tollowed by nephrectomy and by another course ot 
roentgen treatment, (5) nephrectomy followed by postoperative roent- 
gen treatment in order to destroy an}^ residual malignant embr}onaI 
cells, and (6) roentgen treatment alone The} reported the case ot 
1 patient alive and well three years after irradiation 

Ladd suggested that operation be earned out without delay once 
the diagnosis has been established 

At present the loutine followed by my associates and me is to give 
the patient a course ot high voltage roentgen therapy followed by 
nephrectomy, after which another course of high ^oltage roentgen ther- 
api is carried out 

In my experience, not all Wilms tumors are radiosensitive ^^hen 
the growth is radiosensitive and shows a marked reduction in size, it 
certainly simplifies nephrectomy 

With the diminution in size ot tlie tumor, corresponding changes are 
observed m the pyelogram Attention was called to this phenomenon 
in a prev ions publication ^ 

14 Ladd, W E Ann Surg 108 885-902, 1938 



FEVER AS INITIAL SYMPTOiM OF HYPERNEPHROID 
TUMOR OF THE KIDNEY 


E J McCAGUE, MD 

PITTSBURGH 

The purpose of tlus brief paper is to report a case ol renal tumor 
m which the classic triad of hematuria, pain and a palpable abdominal 
mass was absent The only clinical manifestation ^^as an obscure febrile 
state of one year’s duration, accompanied with nausea, vomiting and 
irregular uterine bleeding from multiple fibroids 


FEVER WITH RENAL NEOPLASIA 


The first reference to fever associated with renal neoplasia was made 
by Israel ^ in 1896 In the case reported by him a man 43 years of 
3ge suffered from a hectic remittent fever for several months At 
operation a right hypernephroid tumor of the kidney was found The 
fever promptly disappeared after removal of the kidney 

In 1911, Israel^ again commented on the importance of fever as a 
diagnostic symptom of renal tumor It was present as part of the 
picture in 18 3 per cent of the cases that he reported Concerning the 
cause of fever he stated ''One does not know what the fever-exciting 
noxious agent is ” Degeneration resulting from bacterial action, which 
readily plays a part in the causation of gastric intestinal and uterine 
tumors, is out of the question with these wholly aseptic tumors of the 
kidney and adrenal The cause of the fever must be looked for in the 
rapid growth of tumor cells or in the destruction of normal tissue Israel 
referred to a pyrogenic substance that is elaborated by tumor cells as 
another possible source of the fever 

Voelcker® suggested that the fe\er m these cases might be the first 
recognizable symptom of the disease He thought that the febrile state 
be due to the "absorption of albumin bodies produced by the 
process of involution ” 


1 Israel, J Ueber einige neue Erfahnuigen dem Gebiete der Nierenchirurgie. 

Deutsche med Wchnschr 22 345, 1896 ^ ^ , 

2 Israel, J Fieber bei mahgnen Nieren- und Nebennierentumoren, Zentralbl 
* Chir 41 10 , 1911 

3 Voeicker, T Die Neubildungen der Niere, in Kraus F, and Brugsci 
^ Spezielle Pathologic und Therapie inneren Krankheiten Berlin r 
Schuarzenberg, 1920, \oI 7, p 653 
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Warburg ^ has shown that tumor cells ha\ e a metabolism ot their 
own which clifters tioili that of normal cells This difference in 
metabolism between normal and neoplastic cells may cause the change 
m body economy that produces the variation in temperature 

While the exact cause of the febrile state in cases of renal neoplasia 
has never been definitely settled, it is belie\ed to be anaphylactic The 
fever associated with rapid growth and great size of the renal tumor 
ma} be caused by toxic absorption of the products of metabohsm ot 
the neoplastic tissues Foreign proteins are elaborated either by the 
tumor growth or by central necrosis of the malignant tissue This 
material is disseminated by the blood stream It acts on the thennal 
centers as a foreign protein, causing anaphylactic elevation of tem- 
perature The fever subsides after the tumor has been removed hen 
the temperature does not subside after nephrectomy, distant metastaaes 
may be suspected 


Fever as an isolated symptom suggesting renal tumor has not been 
frequently reported m the literature It may occur irrespective of com- 
plicating pyelonephritis This occurred in the case reported b\ 
Nicholson ® The patient Avas a woman 38 years of age who had had 


an unexplained continuous tever for two years Even after the most 
searching and extensive examinations the cause of the fe\er remained 
undiagnosed A renal carcinoma was found at autops} Ljunggren ^ 
(who in 1930 published a clinical and prognostic study of Gra">tz 
tumors ’’) reported the case of a woman, 52 years of age, with an 
undiagnosed fever of six months’ duration Urologic investigation 
revealed a left kidney with the typical characteristics ot renal 
The patient’s temperature became normal and remained so a ter 
nephrectomy Creevy ® reported 2 interesting cases in which e\^^ 
played an important part m the clinical picture The first 
a patient whose temperature varied between 100 and 102 F or 
months A diagnosis of infected hy^dronephrosis was made, an 
elevation of temperature was explained on that basis At , 

extensive renal carcinoma was found The patient remaine 


4 Warburg, O Ueber den Stoffwechsel von Tumoren im Ko p 

Wchnschr 5 829, 1926 . t, fi, ^ S93 fMarch) 

5 Nicholson, D Fever with Renal Carcinoma, Arch a 


6 Ljunggren, E Case of Renal Tumor with Fever as the Onl) Svmi 

Bnt J Urol 4 249, 1932 rr..utzchtn 

7 Ljunggren, E Studien fiber Klimk und Prognose e 

tumoren, Acta chir Scandinav (supp 16 ) 66 1, 1930 t a M \ 92 H ’’ 

8 Creevj, C D P>rexia in Malignant Renal ^ 

(April 13) 1929, Confusing Clinical Manifestations ot - 8 

Arch Int Med 55 895 (June) 1935 
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fever after the operation It is quite possible that the temperature was 
due to the renal neoplasia, 

Creevy's second case was that of a woman 39 years of age with a 
low grade fever of several months’ duration She was thoroughly 
studied, and repeated agglutination tests were made, but no definite 
information was obtained She was suspected of having a Brucella 
abortus infection At autopsy a large necrotic hypernephroma was 
found There was no evidence of metastasis 

Castano and Resolia reported a case in which an intermittent fever 
was the initial symptom of renal tumor In this case the differential 
diagnosis included pain, nephnc abscess and hydatid cyst of the liver 
In my series of 66 cases of renal neoplasm, fever was present as a 
complication in 37 In 28 cases the patients were afebrile, in 1 case 
fever was the only manifestation 


REPORT OF A CASE 

Mrs C D , a white married woman aged 47 years, complained of weakness, 
fever, gastrointestinal distress and irregular menstruation She was admitted to 
the service of Dr R J Frodey, chief of the gynecologic division, for study and 
mvestigahorL 

The patient had been in her usual good health until approximately one year 
prior to her admission to the hospital, at which time she began to complain of 
general malaise and “spells of weakness^ accompanied with nausea but no vomiting 
Other symptoms, noted at the same time, were moderate dyspnea on exertion 
^d frequent night sweats The aforementioned s>mptoms continued, and 
approximately three months later, four months prior to admission, she began to 
feel nauseated after meals and frequently would vomit food just eaten Two 
^nonths prior ta admission the nausea, vomiting and weak spells became more 
frequent and more severe 

There had been a daily rise in temperature from 99 to 102 F for the past year 
One month prior to admission she had been studied by the staff at the Tuberculosis 
Hospital They were unable to demonstrate any active pulmonary lesion after 
exhausbve studies Roentgen and physical examinations revealed no abnormality 
At the time of the study she had leukocytosis, the white blood cell count being 
f7,750 per cubic millimeter, with 82 per cent polymorphonuclears For this reason, 
Hr L H Heatherington suggested further investigation as to some other source of 

infection 

^or the past three years her menses had been irregular in onset, in duration 
3nd in amount of flow The periods had been coming every two or tliree weeks, 
and during the past three months she had noticed that the amount of flow had 
nefimtely decreased During the past year she had lost 18 pounds (8 2 Kg ) in 
''«»8ht She had not had any cough pain m the chest or hemoptysis She had 
frequently noticed palpitaUon after exertion There had been no symptoms referable 
lo the Urinary tract There was no pain, burning, frequeno of unnation, dysuria 
noctuna or hematuria The past medical history, family Iiirtor\ and social histor\ 
''cre not contributory 

Physical Evamhiattan — The patient was somewhat obese She was nenous 
She was resting m bed The skin was w^arm and dn There w^s no cy'anosi 
or dyspnea 
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Fig 1 — Record of the patient from September 19 to 30 On admission the 
value for hemoglobin was 60 per cent The red blood cell count was 3,7-10,000 
and the white blood cell count 8,950 per cubic milhmeter On September 30 a 
transfusion of 500 cc of citrated blood was given 



Fig 2 — Record of the patient from October 1 to 14 On ^ „ On 

4,200,000 red blood cells per cubic millimeter, with 78 per cent en 
October 5 a transfusion of 500 cc of citrated blood was gnen 


The only positive findings were a small firm, nontender mas» ju=t 
to le nghf of die s.mphysis pubis and a healed Icnv Jo s>..b: 

was clear The heart was essentially normal The blood P 
and 85 diastoha The temperature was 1008 F , the pu 
respiratory rate was 28 
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The phthaleins ranged between SO and 70 per cent 

red blood cells, 3,740,000 per cubic 

millimeter’ and white blood cells, 8,950 per cubic 

cubir M ‘^onnt. on October 4, showed red blood cells, 4,200 000 per 

cubic millimeter, and hemoglobin, 78 per cent - ouwu per 

aciiftn September 26 revealed the value for free hydrochloric 

acid to be 14, and that for total acid, 30 The blood was normal 

The feces were negative for blood on three occasions 

tests of the blood for typhoid and undulant fever gave 

negative results 

On September 20, roentgen examination after a barium 
essentially negative results except for a soft tissue mass on 
right side, not connected with the colon The right kidney was enlarged 
n October 10 the stomach and duodenum were essentially normal 

patient’s blood was of group 2 (Moss) The following 
iranslusions were given 


September 30 500 cc of citrated blood 
October 5 500 cc. of citrated blood 
October 16 500 cc of citrated blood 
Further Roentgen Studies — September 25 Investigation up to this point as to 
usea, vomiting and the febrile state had not revealed any positive findings A 
abdomen at the time of the gastrointestinal studies revealed the 
S ey to be somewhat larger than the left, and a request was made that 
examined and the status of the right kidney reported 
j , ^ ower pole of the right kidney could be felt on deep inspiration. The left 
not be palpated On account of the patient's condition and the fever, intra- 
enous rather than retrograde visualization of the upper portion of the tract was 

suggested 

^ An intravenous urogram revealed good function on either side There was no 
n the pelvis or the calices, but there was an enlargement of the 

idney, with a bulging on the lateral side suggesting a renal tumor 
suggested further roentgen studies of the chest for metastases This exami- 
nation was made on September 29 

e report was ‘‘Stereoscopic examination of the chest does not show an\ 
n ^gs typical of metastatic process ” 

1 th ^ ^^^hon was raised whether the febrile state might be due to degeneration 
n e utenne fibroids, and Dr R. J Frodey, gynecologist in chief, was asked for 
an opinion 


. ^ Frodey reported “The pelvic organs may be excluded as a possible source 

the following reasons 

-No tenderness is revealed on palpation of the lower part of the abdomen and 
ini^nual palpation of tlie pelvic organs 

There is no evidence of pelvic exudate m the adnexa or surrounding tissues 
Dilatation and curettement exclude possible pyometna or septic cndoinetntia 
Some type of degeneration of a fibroid wa:> not likely present the tumors 
all small and not tender, and none were pedunculated “ 

^ diagnosis of nght renal tumor and uterine fibrom>oinas was made and alter 
,^^*^her transfusion of 500 cc of citrated blood the patient was operated on 
tUctober 17) 
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"■as dilated, an^“lhf uZrt’S caretKd" f*" 

to remain for forty-eight hours ^ ^ 



Fig 3 — Kidney and tumor 


The patient was placed in position for a right nephrectom} The kidne> 
exposed through a right lumbar incision, complete dislocation of the kidne> revcakd 
a mass at the lower anterior border A clinical diagnosis of h>pernephroid tuirvr 
was made, and the right kidney was removed There \\as no Msible or palpabf^ 
evidence of extension of the tumor beyond the capsule The vascular pedicle seen c 
to be free from extension of the neoplasia 
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Pathologic Report — The right kidney measured 13 by 9 5 by 8 cm A mass 
measuring 9 by 6 by 4 cm projected from the center of the anterior surface of 
the kidney The tumor was made up of many small nodules, all of which were 
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V.35* 


^ — Record of the patient from October 15 to 23 On October 16 a 
transfusion of 500 cc of citrated blood was given On October 17 nght nephrectomj 
was performed On October 18, the radium which had been placed in the uterine 
^vity at the time of operation was removed On October 22 the packing was 

removed 



5- — Record of the patient from October 24 to November 12 On October 
clips vs ere removed 

encapsulated On section of the tumor the surlacc ot tlic neojilahUt nns> 
convex, >elIowish red and vers soft with a necrotic center The tumor 
compressed tlie pelvis of tlie kidnev but did not invade this structure On micro 
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scopic stud^ the Cbhcnfnl r*nii i 

a large spindle-shaped polvvesiciilar columnar, with 

present The arrangenient of thf growt I -re 

anastomosing cells The stroma betwpp fi strands of 

delicate A microscopic diagnosis of hvoLnr/^T^ vascular and 

There were no tumor cells in the seven) tumor of the kidney i\as made 

mitted for examination There was no perirenal fat that were sub- 

PostopoaUve Cou,s.--Z . " 
nephrectomy and the prompt returTto*^ ‘^"’P^^'ature following the 

occasion m the first four postoperatne rin 7 ^’’^ dramatic On only one 

on It remained at tlie normal Ip\ i f ^ i above 99 F From then 

twenty-fifth postoperative da\ The^ discliarged, on the 

and .he pa„en. ,e,. .^e Ta',?"* “.IT""' 

COMMENT 

u.,expia!Tdthr!T7/ "T"™" '>>• 

cause of fever ^ ^ ^ ^ Repeated caietui investigations as to the usual 
T . „ It T"' '"''S'’'™"’? There .as nothing .n the h.ston 

svinotoms T '' r “ ‘''<= “ >'« 

tile nlam “eoplasiii were completely absent It was only nlieii 

dirertpH t g^tiogram revealed the enlargement that attention was 
f fi ° ^t’gan, and urologic investigation indicated the pres- 
r growth Its removal was followed by complete subsidence 

ot the fever, nausea and vomiting 


SUMAXARY AND CONCLUSIONS 

A roMcw ot the literature shows that fever as the initial and only 
syn^tom in renal tumor has been infrequent!}^ reported 

Kenal tumor should be considered m the differential diagnosis of 
t e con ition of any patient who has a protracted and unexplained fe\er 
associated with weakness and loss of weight 

Another case of renal tumor with fever as the only s\mptom is added 
to the literature 



GAS GANGRENE 

WITH SPECIAL REFERENCE TO THE IMPORTANCE OF WOOL VS A 
SOURCE OF CONTAMINATION 

URBAN MAES, MD 

NEW ORLEANS 

Every great war has always been more destructue than constructue 
from the medical point of view However, certain facts have come out 
of the results of destruction which, when properly e\aluated, have done 
something for the advancement of knowledge The studies o s oc , 
hemorrhage, compound fractures, thoracic surgery and the care 
wounds dunng the World War have all brought about improveme 
m surgical treatment The care of wounds, particularly with 
to infections, is certainly better understood since surgeons Rve 
time to evaluate the accomplishments of surgery since 1918 n t 
present state of world unrest, surgeons may again be faced wit t le 
necessity for studying wounds, particularly with regard to the anaero 
infections 

The history of gas gangrene has been reviewed frequently, and 
another such account would be superfluous The incidence of this in ec 
tion m civil life, the source of contamination and the methods of preven 
tion are more worthy of immediate consideration 

In civil life the inadence of gas bacillus infection is still sufficient!} 
high to warrant some further study of this formidable disease and, m 
view of the gravity of the infection, further efforts to reduce its morbidity 
and mortality The frequency of gas bacillus infection has been reviewe 
in many recent publications Callander, Haim and Maximov report 
109 cases, with a mortality rate of 51 per cent, strangely, the death rate 
from infections of the lower extremity was over 60 per cent and tha^ 
from infections of the upper extremity only 10 per cent Ghorm 
reported 33 cases observed in a five year period at the Mayo Clinic a 
cited the figures of Millar, who reported a death rate of 48 52 per ce 

From the Department of Surgery, Louisiana State Unuersity School of 
Medicine, and the Chanty Hospital of Louisiana at New Orleans 

1 Callander, C L , Haim, A , and Maximov, A Gas Gangrene An na ts 
M One Hundred and Nine Cases Encountered in Cnil Practice, Am J 

« 811-823 (Dec) 1938 , 

2 Ghormley, R K Gas Gangrene and Gas Infections, J Bone 

Surg 17 907 915 ^ J 535 
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during the World War Coller,^ m a comprehensive review, ated 
certain French observers as stating that the disease proves fatal in about 
three fourths of the cases This was prior to the work of Kelly with 
roentgen treatment and also to the use of sulfanilamide Eliason and 
his associates concluded that the death rate is proportionate to the 
promptness with which treatment is instituted The recent report ot 
Mitchell and his associates,'* who sent a questionnaire to all general 
hospitals of fifty or more beds in the state of New York, yielded 135 
proved cases and 73 more in which the information was incomplete 
They concluded from this report that infections with spore bearers that 
produce gas are as frequent as tetanus 

It is not my intention to go into a detailed study of the pathologic 
and bacteriologic aspects of this type of infection, as more intereMt 
attaches to the clinical aspects No study of gas gangrene would be 
complete, however, without some reference to the bacteriologic picture, 
to the type of wound which favors development of this infection and, in 
my opinion, to the seasonal incidence of the disease Laboratory studies 
have been ably done by trained workers, Avho have devoted much time 
and study to these phases of the subject (Pasternack, Pasternack and 
Bengston 

Since the epoch-making studies of Weinberg and Sequin ’ in 1918, 
one cannot fail to be impressed with the great variety of organisms asso- 
ciated with gas gangp'ene From these studies it would appear that the 
same organisms can produce different phenomena under different cul- 
tural conditions Not only is this true, but the same organism maj 
appear in the literature under different names According to Paster- 
nack, “Even such a well-known species as B welchii appears m the 

3 Coller, F A, and Perham, W S Gas Gangrene in Civil Surgerj, ffd 
Surgeon 81 27-38 (July) 1937 

4 Ehason, E L , Erb, W H , and Gilbert, P D Clostridium Welcim and 
Associated Organisms Review and Report of Forty-Three Cases, Surg> 

& Obst 64 1005-1014 (June) 1937 

5 Mitchell, O W H , Bryant, T L, and Chapman, O D Jlcrbidm and 
Mortahty in New York State (Exclusive of New York Citv) Based on 
Hospital Reports for Years 1932-1936 Inclusne, New York State J ^ 

1022-1025 (July 15) 1938 

6 (a) Pasternack, J G The Cardiorenal Toxic Properties ot the ou 

of Vibnon Septique m Animals, Am J Path 14 683-684 (Jul> ^ ^ 

Pasternack, J G, and Bengston, I A The Experimental Pathologi^ 

Produced by the Toxin of Clostridium Histolyticum in Animals, u ^ 

Rep 55 775-784 (May 3) 1940, The Experimental Pathology ^ ^ 

Histology Produced by the Toxin of Vibrion Septique in Animals, u ^ ^ 

United States Treasury Department, Public Health Serwee, National 

of Health, 1936 \[a < a ^ 

7 Weinberg, M, and Sequin, P La gangrene gazeuse, aris, 

Cie, 1918 
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iterature under four names '' Most observers, however, seem to recog- 
nize a few mam groups, and identification of the many subvarieties is 
dependent on different cultural characteristics Clostridium welchii, 
which IS the organism most frequently identified, is placed in the group 
t t requires sugar for its propagation, hence, wounds of muscle and 
the presence of ^'muscle sugar^’ would seem to be favorable factors 
Some of the other gas producers seem to be proteolytic in their action 
Most infections caused by the gas-producmg organisms are mixed 
infections Ehason and his co-workers referred to infections with Cl 
welchn and associated organisms The incidence of the various species 
of clostndia as found m war wounds was best summarized by Gay and 
IS co-workers ^ m 308 war wounds, Cl welchn was present in 85 
per cent, Clostndium sporogenes, in 35 4 per cent, Clostridium oedem-^ 
atis mahgni, m 17 2 per cent, Clostridium novyi, in 12 6 per cent, and 
ostridium fallax, in 6 4 per cent Since these infections are usually 
^xed. It is clear that a polyvalent serum would be desirable for pro- 
P ylaxis and treatment, and such a serum would be difficult to prepare 
course, the predominance of the organism of Welch enables one to 
concentrate attention on this anaerobe 


SOURCE OF CONTAMINATION 

The matter that has chiefly interested my associates and me in con- 
n^tion With this problem is the source of contamination Most students 
0 the subject agree that soil contamination is an essential factor and 
^ ^t the more highly '^manured'' the soil the greater is the likelihood of 
in ection This belief is supported by the accepted fact that the organisms 
normal inhabitants of the gastrointestinal tracts of domestic animals 
n thi 5 connection I wish to note that in reporting the incidence of various 
iseases m the Italo-Ethiopian War, Castellani, m his verbal report to 
^ c Orleans Pansh Medical Society on March 22, 1937, said that there 
^cre no cases of gas gangrene In the same connection, the report of 
nson ® from Shanghai, China, is also striking While his contribution 
^ to to do With gunshot wounds of the chest, he said 


Although every wound was an infected one, the virulence ot the organisms 
Ppcars to have been less than that of those met with m France and Flanders 
nc reads of the high proportion of cases of gas gangrene and tetanus met uith 
the Great War, here such cases were comparatively rare 
fJifferences m the bacterial content of the soil doubtlessly account for this 
c Chinese make use of human excreta for fertilizing purposes, and, altliough 


111 ^ ^ others Agents of Disease and Host Resistance, Springfield, 

» Charles C Thomas, Publisher, 1935 

Q ^^^ison, F T Notes on Gunshot Wound:, of the Chest J Thoracic Surg 
9 278 290 (Feb ) 1940 
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this practice fosters the spread of intestinal diseases, sod treated b> human excreta 
IS freer from the germ of tetanus and the organisms causing gas gangrene than 
IS sod treated with horse excreta 


While all domestic animals harbor the anaerobic organisms, including 
both the gas producers and the tetanus bacillus, the sheep is a more 
important source of infection in human bemgs than are the others, because 
of the fact that its wool is used for clothing My associates and I have 
observed that contamination with woolen clothing is a common source of 
infection In 1926, at my suggestion. Gage studied some samples of 
clean wool and was able to grow spore-bearing organisms in practically 
all instances Given a favorable type of wound (muscle injury) and 
contamination with wool clothing, one has the ideal conditions for devel- 
opment of gas bacillus infection, almost as positively as the small boy 
who has a punctured wound from stepping on the garden rake presents 
the ideal conditions for development of tetanus In this cbmate the 
populace dresses in cotton clothing during the hot months, and I have 
endeavored to show that the incidence of gas bacillus infection is less 
frequent in the seasons when wool garments are not worn It must 
always be kept in mind, however, that contamination with dirt is just 
as dangerous 

With the assistance of my resident. Dr D B Williams, I have 
collected the cases from the Chanty Hospital in New Orleans during a 
ten year period, from 1930 to 1939 (table 1) and have analyzed them 
according to seasonal inadence (table 2) and according to mortality m 
relation to type of injury (table 3), location of injury (table 4) an 


type of treatment (table 5) 

Our figures show a total of 73 cases of gas gangrene during tlie ten 
year period, with 28 deaths, or a mortality of 38 4 per cent During 
this same period the number of cases of tetanus was 341 

We have studied the seasonal incidence of the disease because I'C 


believe that the wool clothing usually worn m the cooler months is ^ 
important source of contamination, but the hospital records usually ma ^ 
no mention of the type of clothing worn by the patient, and we 
arrive at any definite conclusion We can assume, however, m mcw 
our experimental findings, that there should be a definite increase^^^ 
the number of cases m the cooler months, when wool clothing is 
likely to be worn, and this is partially borne out by the season mci 


5ho^vn in table 2 c i, ten ” 

Following up the studies of Gage at my request, Dr J R 

if the department of bacteriology^ of the Louisiana State niver^ 


10 Gas., I M Gas Bscllus Intecon A ” 

vnl Life, wth Report of Four Cases, J Suvg 14 177-184 (Uct ) 

11 Schenken, J R Personal communication to the author 



Table 1 Incidence of Gas Gangrene According to Fears (Charity Hospital of 
Louisiana at Nezv Orleans) 


Year 

Number of 


IfortalJty, 

1030 

Cases 

Deaths 

Per Cent 

1931 

10 

6 

60 0 

1932 

10 

2 

20 0 

1933 

0 

4 

44 4 

1934 

8 

3 

37,5 

1935 

10 

2 

200 

1938 

8 

4 

50 0 

1937 

5 

1 

20 0 

1938 

9 

4 

444 

1030 

1 

1 

100 0 


3 

2 

066 


Table 2 — Seasonal Incidence of Gas Gangrene 


J'ebruary 

March, April, Uny 
jMe, July, August 

September October, November 


Number of 
Oases 

16 

15 

15 

27 


Table 3- 


-Conditions Complicated by Gas Gangrene (1930 to 1939) 


Condition 
Oomwund fractures 
^bot wooads 
Injuries 

arterfosclfii 
Stab TFOunds 

Other conditions 

_ ^toiiiieidejice of gas eaperene 


Complicated Due to Gas Gangrene 

Hospital by Gas < ^ ^ ^ 

Admissions Gangrene Deaths Per Cent 


813 

23 

2,838 

23 

408 

13 

548 

6 

8,489 

4 


4 


73 


8 34 8 

9 391 

3 300 

3 60 0 

2 BOO 

3 76,0 

28 SS4 


^orta!tty from Lestotis of the Extremthes Cases of Gas Gmvgrene 


extremity 
^^^Wr extremity 


Number of 


Mortality 

Cases 

Deaths 

per Cent 

53 

22 

415 

15 

3 

200 


Table 5 —Mortality 


in Relation to Treatment of Gas Gangrene 


Treatment Used 

S-Sw= 

alone^'' 

Sermn^'tton7,!?“lJ°®°**®° therapy 
Operation no operation 

^0 spccifle t theropy, scrum and sul 


Number of 
Coses 

Deaths 

Mortality 
I>er Cent 

11 

3 

27 3 

25 

7 

230 

14 

4 

236 

2 

2 

100 0 

4 

1 

25.0 

3 

3 

100 0 

2 

1 

£00 

6 

5 

S20 
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School of Mediane, has made cultures of some samples of new wool 
and has submitted the following report to me 

Material and Methods — Twelve pieces of woolen cloth were obtained from a 
manufacturer’s sample catalog and were cut m half One half of each piece ivas 
dry cleaned and steam pressed, the other half of the same piece was untreated 

Two samples, each measuring 2 5 by 1 cm , were cut by a cautery from each 
half piece (48 samples in all) Each sample was moculated into a separate tube 
of brain broth, which was then heated m a water bath at 80 C for forty-five 
minutes The surface of the medium was covered with a 2 cm layer of sterile 
melted petrolatum, after which the cultures were incubated at 37 C for fourteen 
days 

Smears of the broth, stained by Gram’s method, were examined microscopically 
as soon as gas formation was first noted All positive cultures were later addi- 
tionally examined to observe spore formation Two smears of the cultures in which 
no gas had formed were examined, the first after seven days of incubation and the 
second after fourteen days 

Samples of cotton, rayon, linen and silk material (12 m all), none of which 
contained any wool, were obtained from a manufacturer’s catalogue and were 
treated exactly as the woolen samples had been, with cultures made m the same 
manner 

Results — Gram-positive spore-bearing anaerobic gas-forrmng bacilli, morpho- 
logically compatible with the members of the Clostridium group, were cultured 
from one or more of the small samples secured from 11 of the original woolen 
samples Cultures of the twelfth sample were sterile Dry cleaning and steam 
pressmg did not materially alter the mcidence of the organism Gas bacilli were 
not, however, found in any of the 12 samples of the material which did not contain 
wool 

This confirms the fact that contammation with clean wool in certain 
types of wounds should be considered a precursor of gas gangrene We 
have observed 2 instances in which gas baallus infection followed hypo- 
dermic injections, 1 instance m which ordinary senile dry gangrene 
transformed into gas gangrene and 1 burn that became infected Interest 
ingly enough, in each of these instances wool blankets had beoo m 
contact with the skin or with a raw surface 

The sheep, which has been accused as the domestic animal moat 
likely to be the permanent host of the organisms, is not common hi 
this vicinity, so if one accepts the speculation that wool is the moa^ 
likely source of contamination one must also note, as is evident ro ^ 
the report of Dr Schenken, that spore-bearing organisms are 
on wool after it has passed through all the processes incident to 
final use as a finished garment 

TREATME^T ^ 

Treatment should be divided into two phases (1) proplnlaM^ 

( 2 ) treatment of established infection n,,rubu 

The best treatment of this disease is prevention of ^ 
infections, and certain definite rules can be formulated with ttii= 
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in view Once infection with the group of anaerobes capable of pro- 
ducing gas gangrene has developed far enough to be recognizable, a 
certain mortality is inevitable However, the therapeutic armamentarium 
has improved so much in the last few years that physicians do not fear 
this disease as much as m the past Certainly, the prophylactic and 
therapeutic use of serum has done some good, and when one adds treat- 
ment with roentgen rays and with sulfanilamide the necessity for radical 
operation is materially diminished Some observers go so far as to 
discount entirely the necessity for amputation and even doubt the advis- 
ability of free incision and of treatment with local agents other than the 
roentgen rays In reviewing the vast literature of the past few years, 
one can find enthusiastic advocates of many types of treatment and 
even statistics to show their value But judgment must be reserved, 
for, to quote the editors of the 1939 ''Year Book of General Surgery,'^ 
Only one hundred years ago the disciples of Benjamin Rush were 
claiming that practically all diseases should be treated by blood letting ** 
fn spite of all methods introduced for treatment of this disease, the 
mortality is still high, and one cannot evade the fact that prophylaxis 
for certain types of wounds and early clinical recognition confirmed by 
bactenologic examination are the most dependable means of reducing 
the mortality rate of this disease 

In view of the foregoing statements, it would be wise to consider 
Wounds of the extremities, espeaally those involving muscle and those 
contaminated with wool or dirt, as potentially mfected with gas 
gangrene Wounds of the calf of the leg associated with laceration 
and devitalization of tissue are especially liable to show subsequent 
development of organisms capable of producing gas gangrene Under 
these circumstances the obvious emergency treatment of such wounds 
IS thorough debridement, with the wound left open, and administration 
nf the antitoxin which is now available, the possibility of secondary 
closure being kept in mind 

Some recent suggestions by Keating and Davis seem particularly 
Pertinent These authors suggested the prophylactic use of the roentgen 
rays for “dirty wounds” as being effective agamst the gas-forming and 
other organisms, thereby decreasing the necessity for mutilating surgical 

procedures 

Should evidence of spreadmg infection with severe constitutional 
symptoms develop, the principle indicated by the aphorism of Ehason 
^hat the mortality is dependent on the promptness with which treatment is 
instituted must be ngidly obeyed While cultures should always be 

12 Graham, E Year Book of General Surgery, Chicago The Year Book 

, i^hcrs, Inc , 1939, p 95 . ,,, . 

12 Keating, P M , and Davis, F M Prophv lactic Treatment of Woun s 
in 'ar, kill Surgeon 86 235-240 (March) 1940 
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made for confirmation, the delay incident to waiting for such bac- 
teiiologic studies may be a determining factor in the patient’s life 
Usually It takes twenty-four hours to get a report of wound culture, 
and g^ bacillus infections spread so rapidly that twenty-four hours 
IS too long to wait for confirmation of the diagnosis 

The early diagnosis of gas gangrene in civil hfe dates practically 
rom 1918 Prior to this period the simultaneous appearance of a severe 
infection and of “gas” in the tissues was the only known sign As these 
are antemortem phenomena, the patients were rarely saved by treat- 
ment Amputation of the involved extremities was the only treatment 
and was always frankly an operation of despair 

Usually the inception of a gas bacillus mfection makes itself known 
by certain local and constitutional changes which should require 
inauguration of the “curative” measures which are at th'e physician’s 
disposal Local swelling and a dry wound with a peculiar odor which 
has been variously described as a “mousy” or a “rotten meat” smell 
are significant The khaki-colored skin in the white race is easily recog- 
nized The patient goes into a state which resembles surgical shock, 
and even when recovery occurs there is a long period during which the 
myocardium shows evidence of damage 


Smce the work of Kelly and his associates on roentgen treatment, 
the older procedures have been abandoned by many as unnecessary The 
local use of oxidizing agents m the presence of anaerobic infection has 
been given serious thought Such agents as potassium permanganate, 
specific quinine solutions, hydrogen peroxide and pure oxygen have all 
had their day Getting these drugs into contact with the organisms 
witliout tissue destruction is a “consummation devoutly to be wished, 
but, considering the method of spread, this cannot be adneved 


In the light of recent experience, the treatment of establislied 
bacillus mfection should be considered under several headings The 
curative value of the serum is debatable, but it should always be use 
When the work of Kelly and others is considered, one must accept t le 
fact that roentgen treatment lowers the mortahty The report o 
death rate of 1 1 3 per cent by Kelly and his co-workers certainly repre 
sents a decided improvement and gives strong support to the contention 
that amputations and extensive incisions should be abandoned Acco 
mg to the observations of Faust,^® who gives the technic m cUi . 


14 (a) Kelly, J F. and Dowell, D A Present 

an Aid in the Treatment of Gas Gangrene, JAMA 107 P £ 

1936 (h) Kelly, J F, Dowell, D A, Russum, B ^ , and Col.e^ 

Practical and Experimental Aspects of Roentgen Treatment of Baci 
Other Gas-Formmg Infections, Radiology 31 608-619 (Xo\ ) 193 ^ 

15 Faust, J J Report on X-Ra\ Treatment in Gaa Gangrtnc ast-s, 

22 105-106 Qau ) 
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roentgen therapy causes hydrogen peroxide to be generated in the 
tissues, and this is the important factor in combating the growth of 
the organisms and m minimizing generation of the toxin 

The use of sulfanilamide has not been neglected, and, while this 
drug does not seem to control the specific infection, it may be of value 
m controlling the growth of the ordinary pyogens, thereby destroying 
symbiosis Since the ordinary pyogens use the oxygen present m the 
tissues and permit the anaerobes to flourish, this effect of sulfamlamide 
should be of value 

This discussion brings one finally to the value of free mcision and 
amputation I have always felt that, since spread of the infection is 
longitudinal, along the muscles, amputation may be advisable to prevent 
this spread It is a common observation that in cases in which the calf 
IS involved there is a tendency for the progress of infection to hesitate 
temporarily at the knee This interval presents an excellent opportunity 
for amputation to prevent spread beyond On account of the arrange- 
ment of the musculature about the shoulder, the phenomenon is not 
observed in this location I have never resorted to amputation when 
the arm was involved Again, even when the infection has been con- 
trolled there may be large areas of sloughing, and the patient s recovery 
may be accelerated by choosing amputation rather than waiting for 
spontaneous separation of the dead areas to take place This is espeaally 
true of wounds of the leg 

Pasternack has called attention to the susceptibihty of the heart 
muscle to the toxin of vibnon septique, and, as has been noted, the 
condition of this organ must be watched for a long time even after 
the patient has recovered from his mfection 


SUMMARY 


Gas gangrene is sufficiently important in civil life for surgeons to 
§ive it serious consideration In conformity with the bacteriologic report 
Dr Schenken, contamination with any woolen article, even clean 
clothing, makes rigid prophylactic measures imperative It is urged that 
physicians suspect anaerobic infection with production of gas gangrene 
whenever wounds of the extremities involving muscle have been con- 
laminated with wool or with soil Sucli wounds should be treated by 
'Vide incision (then being left open) or by thorough debridement 
Prophylactic administration of the specific serum seenis to e 
definite value, and it seems possible from the report of and 

Davis that the prophylactic use of roentgen therapv is justified 
In the care of a wound in which the factors that favor 
mfection are present, eternal vigilance must be ^ 

suggestive signs of such infection, specific treatment should be sta c 
once Cultures for confirmation should always be made but the dela% 
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incident to waiting for a report represents valuable tune lost The 
relative values of the known beneficial factors may be debatable, but 
smce there is some benefit from the anti-gas-bacillus serum and from 
sulfanilamide and smce there is positive evidence of benefit from the 
use of the roentgen rays, all three should be used Wide inasion and 
amputation still have their places and must be used when conditions 
warrant, though the necessity for the use of such measures has matenally 
diminished 

As with all diseases, rules are dangerous, and one must individuahze 
the treatment, making full use of all known benefiaal agents 



GANGRENE OF THE SIGMOID FLEXURE OF 
THE COLON DUE TO VOLVULUS 


RECOVERY OF A CHILD, SPONTANEOUS ANASTOMOSIS BETWEEN 
THE DESCENDING COLON AND THE RECTUM 

EDWIN M MILLER, MD 

CHICAGO 

Acute intestinal obstruction produced by volvulus of the sigmoid 
flexure of the colon with complete gangrene is very rare m a child, but 
that such a patient should not only recover but have a spontaneously 
developed anastomosis between the descending colon and the upper part 
of the rectum is unique and, therefore, seems worthy of publication 
Volvulus, or twisting of the intestines, may occur in any portion of 
the gastrointestinal tract but is most commonly met with in the sigmoid 
flexure, the cecum and the ascending colon It is predisposed to by an 
abnormally long mesentery combined with a narrow base between the 
afferent and the efferent loops The presence of adhesions and tumors 
in the mesentery or in the bowel itself is often a contnbuting factor 
Constipation unquestionably plays an important role It occurs more 
often m males than in females, usually affects persons beyond middle life 
and accounts for perhaps 15 per cent of all forms of intestinal obstruc 
tion Children are rarely affected by volvulus, although twisting of the 
entire small bowel on the axis of the superior mesentenc artery in com- 
bination with an incomplete rotation of the cecum in infancy or eaidy 
childhood may lead to partial or even complete obstruction of t e 
duodenum at its junction with the jejunum 

The experience described here has given my associates and me one 
of the greatest thrills we have encountered in surgical practice 


REPORT OF A CASE 

A 12 year old Negress was admitted to the children s surgical ward of 
Cook County Hospital at 10 50 p m on Friday, Oct 13, 1939, with the diagnoj^is 
ruptured appendix with peritonitis The temperature was 101 F the pul.c 
rate was 144, and the respiratory rate was 26 The onset had been acute paticn 
been awakened from sleep at 5 a m on October 12 ^Mth se%ere abdommnJ 
This was followed during the day by nausea and persistent \omiUng 
t^gnesmm citrate given b> mouth and repeated enemas had failed to ^ 

? On admission to the hospital she looked extremeb dl ''as 
ebjdrated and was begging for something to make her sleep Her a 

From the Surgical Department of the Cook Count) Hospital 
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was greatly distended A Levine duodenal tube was immediately introduced uitra- 
forTbL theTn 

.hnvv.H ^ lowing morning a roentgenogram of the abdomen (fig 1) 
tymoMitirthrr d-stended loop of large bowel The abdomen was s.len! and 
unnpr n r] f o ^ "larked bulging was noticed, mo-^tlv m the left 

abdomen” \ a I I ^ ^ T brought to the operating room, and tlie 

7/ widely opened through a long right rectus inasion A considerable 

f til blood-stained fluid escaped The entire sigmoid flexure 

of the colon had been twisted and had become gangrenous It was so greatly 



Fig 1 — M , aged 12 years There was acute intestinal obstruction ne 
to volvulus of the sigmoid flexure of the colon, with gangrene. 'Ihe roentgen^) 
gram shows the enormously distended sigmoid flexure occupying almost 
entire right half of the abdomen 


distended that we were able only with diflficulty to deliver it from the a oine^ 
without fear of perforation Moreover, this gangrenous loop extended so 
into the depth of the left flank that resection ivould have been 
if the patient’s condition had permitted it A xery conservatnc plan was t 
adopted Sexeral strips of petrolatum gauze were gently *■ jj^tj 

it, the wound was quickly brought together, the huge bowel was sow > 
of' its foul gas and liquid fecal contents by means of a large syringe, ‘■'’P"' 
dressings were applied, and the child was returned to the ward, every 
expecting her to die before many hours had passed 




2 — postoperative color photograph showing the exteriorized gangrenous 
sigmoid flexure of the colon B, remnant of the sloughing sigmoid flexure at the 
lower end of the gaping wound C, patient just before leaving the hospital J he 
continuity of the colon is completely reestablished 




moRB«E OB SIGMOW BLBXURB OB COLON «S 

Woil, and on llondaf (OcMbS ld)”he'ltiOT„ ''“'f ‘ '»as sorprisinsly 

O^f deflated by a free 1110151^^^ I ’ distended black bowel 

October 17 her condition was excellenr her ^ On 

^king for food The Levine tube wJ; emmT'’'^!!'' 
gangrenous bowel was trimmed off SteJ "" considerable portion of 

cn. a httle more sloughing t^sue coming " ‘hat time 

days after the operation onlv ^ ii h> October 24 ten 

^.p.h 0, -B.\jzcxi:7ir27> °‘ “ 



^ 3 

the coIon^°sh"^^^”°^'^^™ complete sloughing of the sigmoid flexure 

segments of bowel'^^^^ spontaneous channel between the proximal and distal 

The 

November strange aspect of her progress was first obser\ed on 

stool by rectum^ month after operation, when she passed a normal 

interruption amazement this continued to take place without 

perhaps one h If diereafter, the excreta gradually increasing in amount until 
thus eff^ content of the colon was passing tJirough the normal 

opening i,^ ^ establishing spontaneousl> a narrow channel around the 

seriously tjj^ ^ abdominal wound Before long, howc\er, we began to consider 
*^e bowel b more completdi reestablishing the conlinuit> of 

above a and, therefore, banum sulfate was introduced botli 

^ fi'om below A roentgenogram (fig 3) made on November 21 gave 
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US an excellent graphic demonstration not only of the length of the remauiing 
descending colon but of its proximity to the upper part of the rectum, suggesting 
the feasibility of making a wide anastomosis which would effecbvely short 
circuit the area occupied by the colostomy opening in the lower poruon of the 
rapidly healmg wound from the right rectus incision This operation was earned 
out on Jan 29, 1940, through a clean field on the left side, a lateral anastomosb 
being easily accomplished without tension on the line of sutures From then on 
her progress was very rapid The wound healed without infection, and as the 
days went by more and more stools were passed the normal way, and conse* 



Fig 4 — Roentgenogram taken after a banum sulfate enema, ^ 
continuity of the left side of the colon after the final operation / 
flexure, DC, descending colon, C, cecum 


quentlj less and less fecal material came 

therefore became a simple matter to carr> out surgicaii> ^ 

cedure (Februarj 16), not only completeb ‘ ' 

had resulted from slow healing of the granulating ( ^ 

niany loops of ileum which had become -^“tccTtdi "uuU: d.. ^ 

securing firm closure of the original incision The su ss 

irdpLta. may be reabaed b, a ^ 

March 2, after a banum sulfate enema, and at a 




MILLER^GAiWGRENE OF SIGMOID FLEXURE OF COLON 407 


of the child taken on March 1, just si\ days before she was discharged to her 
home, a healthy-looking, happy girl with a normallj functioning gastrointestinal 
tract 

CONCLUSION 

I would emphasize the advisability of being very conservative at the 
initial operative procedure in the presence of such extensive gangrene 
and would point out the feasibihty of complete reestablishment of the 
continuity of the left side of the colon 

700 North Michigan Avenue 
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Lli(jrduuti !•> M> r.utU tiuuuuurc^l ih it itulmdual experience is 
Iinmed, intl ni> ek ireul p! in ot i! iii.ick on tlie tumor as it may 

(JeNtlop in the ihiieunt level', ui the eerelirospinal axis has been 
e'lt.ihh'.heti \ >ur\e\ ui e im ^ reported in the literature reveals a \anet} 
ol methods oi tre itnieiu linploved. hul the re^ulta have been far from 
sltlsiaetoiv '''aeloeueeV^e.il md Vertehial lesloilb Olllv Will be COn 
buleretl m this p’ja-r \ pu leedure will he prei^eiUed that lua) permit 
a more tliorom;h extirpiiion oi lesions in the saenil region, the value 
ot spin d Uisiun as an adjniiet to lamineetomv m ileahiig with vertebml 
tumors will be discussed, and 3 illustrative eases, heretotore unreport 
will he adtied to the huiatuie 

Choidoma is a tumor iiising trum the remnant ot the notocliord^ 
It m.iy occur an) where m the eerchrospinal axis, troiii the sphenoid 
to the coccyx lii the ordci ot ireiiueiicv it is tound m the sacrum, ^ 
base ol the skull and the lumbar portion ot the spine, but it ma) occ^^ 
m ail) ot the vxrtcbrae It vertebral m origin, the tumor usual) 
m the vertebral botl) 

Chordomas arc ditTicult to eradicate on account ot the usu ^ 
vertebral ix)Sition, the boii) origin, the intimate relation to t ^ 
nerves and, at times, the actiud invasion ot the dura an 
Thus block excision is applicable onl) to the lesions in the sacroc^ 
region, which fortunately are the most numerous Sue i 
lend themselves to block lemoval unless they have 
extensively, for they usually show a tendency to 
recur locally and metastasize late in the diseas coccyx 

common occurrence m the lower part ot ° ^ ^ evasion 

than m the upper segments of the sacrum Very larel) 

of the rectum or of the bladder take place 

From^e Surgical Service of the Beth Israel Hospital and the Neu 
Service of the Massachusetts General Hospital 
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In a compilation of cases of chordoma tiom the literature Mabrey 
in 1935 found a total of 150 reported for all levels Ot these, the tumors 
in 87 were sacrococcygeal Other cases prior to that date but unreported 
by him and 32 more to the present time, inclusive of 1 reported m this 
article, raise the number to 122, in 62 of which the tumors were ante 
sacral, m 41 retrosacral and in 19 central Sufficient data for adequate 
evaluation were available in but 87 of the total number 

By far the great majority of chordomas become manifest between 
the ages of 40 and 70 years Men are afflicted tw ice as often as women 
A history of trauma with injury to the lower part of the back or to t e 
gluteal region is obtained m one third of the cases 

Pam IS by far the most common and salient symptom and is present 
in over half the cases Tumor in the sacral, the gluteal or, ess o ten, 
the perineal region is frequent Rectal symptoms, eit er severe 
constipation or incontinence, occur in 20 per cent o ^ ^ ^ ^ 

Occasionally obstruction supervenes, and very rarely t ere is ee 10 ^, 
by rectum Disturbances referable to the urinary tract ( incon in 
and retention) are somewhat less common, as are referre ner\e pains. 


such as saatica , 

The differenual diagnosis of chordoma of the sacrum 
great measure on roentgen examination, hut even with sue 
there is room for error at times One should suspect chordoma 
ever a tumor is found which causes severe pain an ° 

from the sacrum The tumor may be confused wit x/ 

ependymoma of the filum terminale, carcinoma o tie rec 
involvement of the sacrum, metastatic carcinoma or tumor ans 
the generative organs One should remember tha ^ 

ulcerates drrough rn.o the rectum, 
reported, as is intestinal obstruction The tu 
fnore elastic and more discrete than the mahgnan u 
honed Osteoma, on the other hand, is excessive y inr ernnoth- 

The roentgen findings may be definitely suggestive A smooth^ 

walled area of bone destruction, usually near ^ defect, 

homogeneous soft tissue mass bulging out from t e 
>s characteristic The diagnosis is conclusively estabhshed^ 
b.opsy m many instances The soft gelatinous tumo 

aspiration, and the diagnosis has been ^ the capsule is 

At operation the tumor is verv vascular, and a er me ^ p^^ 
entered the mass is usually found to be soft an rai 

1 The ultimate result in 3 cases reported Ij' tonrAisIvin earl, 

'n Smith-Petersen and Hampton’s case VI an " Simmuu ' case H 

of recurrence five jears after or>eration No r on 

of carcinoma of the uterus nine \ears after pc 
firmation of this diagnosis was obtained 
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in «l>lc .ui(! 1 '•li''ltu\ itIj ,iU( r it n ,irntt.d irotii ita blood supply 

i III I' I ill luiUt itritiiun, .itiii thin, l^ .1 ^Iiarp lino ot diiiiarca- 

(itui hituiin tl,i tum<'t .ind thi 'Urruiiiulinj,' tnaiiis 1 ho characteristic 
pKtuu nuir<''iii['.v in'., n tint ot a luuro or koa hoiiiogoiiooib mucoid 
mtiiiilliilit itui with V. iiliK par. tto'l atr.inds or masses ot large 

\ ivu>*I iti 1! 1 1 ik ^I tto'i '< .11 ( r ir« 1 , ( II 


1 hi thill niiih'‘)k <>t inatin^' ih'irdmiii ,iro In irradiation alone, by 
uiHratiKii i.nnh'uid uith irr.uh.itiuii .tii-l In upor.itioii v.ithout irradiation 
\Uii0m4h I'll i-'ii 111. tlK irr.tih itiuti, ml. or ruoiii'gon or r.idiuiii, map be 
hoiKiiii.il, 111 ”0111 ral iho tiimm n r.Kliurosbt.iiit, and httio it any 
iiiiprininiiiii in.i’. ho o'Nioitod tu iidhno tro iliiioiit In II casosin which 
null itiun .iloiio u l^ mod, iu> rihit w is uhiaiiiod in 7 , and onl} 2 patients 

Inoil lumtoi thin iwoiiiy inuntln, I iKiii” with roournnoo and metastases 

m M\ \t,irs .nul tho other in iin KiKiit'gon irradiation and, to a less 
oMoiii, r.uluiin irnuliUiun arc \ ilnahlo .i" palhatne measures in con- 
trollii!” p.nn 


In 21 01 tho a? oasos an uia.raiion was dono, combined with some 
lorin 01 radiation adninustorod oithor prooiH-raiuoK or postoperatnely 
llio a\or.i“o duration oi hio is dolinitol) inoreasod o\er tliat observed 
with tho iiso ut radi.ition alono, but it nia\ be sately assumed that 
operation was withhold .uul radiation alone utilued m the cases of most 
advanced iiuuKoniont Mabrov stated that the combined method 0 


treatment gives the best results statistically This is undoubtedly so, 
and the 2 cases in whieh tlie [xitients survived for the longest peno 
after institution ot treatment both fall into the group in vvdiich combine 
operative and r.uliation therapy was given The patient in the case 
reported by Machulko-Horbatiievvitsch and Rochlm died of angma 
fifteen yxars after the first operation, at which time coccygectomy vv^ 
removal ot the tumor was perlormed In the intervening period ^ 
more operations, including excision ot the fourth and fifth sacr s^^ 
ments, had been done, and a local curettage was performed some 
before death Roentgen therapy' was not instituted until two mon^ ^ 
before the patient died In Pool's case the coccyx was exase , 

3 inch (7 6 cm ) antesacral tumor arising m the sacrum was 
as completely as possible ” The wound was packed open or ^ 

Nine months latei there was a 3 inch recurrent mass palpa e 

the rectum The mass remained stationary', and 

reoperated on after two years The tumor was bony har 

cells were to be seen microscopically Fifteen ^ ,j.oyertible 

operation the patient was reported to be still alive is 

that irradiation could have played no part m the succes 

former case, as roentgen therapy was instituted on y 

death An extensive operation with removal 0 S 
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involved bone was performed in both cases and may well have been the 
procedure that determined the satisf actor) outcome Yet both of these 
cases must be included in the group in which combined operative and 
radiation therapy was used, and in such a small senes the exceptional 
length of survival of 2 patients has a preponderant influence m causing 
the average period of survival to be the greatest obsen ed in any group 
Operation without irradiation was employed in 55 cases Thirteen 


of the patients succumbed after operation Multiple procedures were 
done in a number of cases, so that the operative mortality in the 68 
operations was 19 per cent Shock was by fa,r the most common cause of 
postoperative death, sepsis, pulmonary embolus, peritonitis and throm- 
bosis of the iliac vein were also responsible for fatalities Colostomy was 
employed twice, but in neither case as a preliminary stage to a block 
resection In 1 instance (Lewis) it was used in conjunction with 
removal of the tumor through an abdominal approach, and in the other 
case (Albert) as the third procedure shortly before death occurred 

Reported cases of chordoma have meager follow-up notes, and in 
many instances the ultimate result is not given However, there were 
9 patients who received operative treatment but no radiation who lived 
for over three years In 1 instance (Simmon’s case) death occurred 
from cancer of the uterus mne years after operation on the chordoma 
In another (Stewart), recurrence and metastases developed ten years 
after resection 

From the foregomg considerations it would appear that radical 
extirpation of sacrococcygeal chordomas offers the best chance of pro- 
longed relief m spite of the high operative mortality of this procedure 
We do not know whether it would be feasible to resect the upper two 
segments of the sacrum Such an operation would be very difficult 
and even if successfully earned out would cause great disability It is 
possible to resect the sacrum below this level Such an operation should 
not be considered if disease of the upper part of the sacrum is too exten 
sive Careful roentgen examination will determine this Other con- 
traindications to this type of operation are involvement of tlie sciatic 


nerve and evidence of distant metastases 

To dimmish the hazard of sepsis at the time of operation and in the 
postoperative penod a preliminary colostomy has many advantages 
It should be a defunctionmg procedure and yet one that is readily capab e 
of reconstruction should there be no indication for a permanent co os- 
tomy after the resection is accomplished After the abdomen is opened 
and before the colostomy is done, the peritoneal caMty, the paravertebral 
bmph node, and hver should be examined for direct extension or 
metastases A colostomy of the Devine type established in the s.gino d 
flexure of the colon permits preoperatne cleansing of the distal se„n 
and will relieve obstructive symptoms if present 



41J 


/at nil I nl W j 


ii<'in i-tlmiV 'icruiii i3 approached 

I , ' " ■m.l tl.L w a point 

I ^ I < t u npjur luiut ni ({a 4 ruv*tii a> j>rc\iuibl\ (ictcrmincd 

In «.Hni 4 tn t s uuuni.. n hu Mr t an.l ,i,ral iiuu. u.Il not 

u'Mu iMM. the luM u iht> i.i.iM.hir, l.iu >h-ni!(l Mcnticc all the lower 
Kia lu I u > u itlnaii ht >ti rather thin run aii\ riik ui cutung 
lilt ) t ji ^iitWkh 1 i< et tut ti !e ii.iiea! i> ti) ho u aide tl, nut ulilv on account 
t e ilaii^t r i>i rnuritiiet hut h e lu-'C ut tin, ixtrenn. \aaeuIariM ot 
t ic lunwr 1 iiL enteniii,' tlic^t t^routha are large, and caretul 

K iiio'-ia-'is Is import, lilt ti> {)re\int undue loss ot hlood bhould rejec- 
tion ut the leeiuiii lie tieee'-.ir\ ta procedure wliieli has l)een reported 
lu tile* litei iliiie { ''iiieiiui uid (irmd.ij ) or jlioulcl uijur_\ oeeur during 
uperattoii. tlu preliiiitiur\ diMrgeiue ot the teeal stream rediices the 
d.iiige r ot 'itiDiis miectiou to a mtmiiiuiti 


With a Well luiietiouiiig lolosioiiu and eoiistant drainage ot the 
hlmlder, the di'coniiort to the puitiu is reduced, the atter-care siniph- 
tied h\ ehiiuii itioii ut usi ut the hed pail and the danger ot wound 
eoiitauuuatiuii diiuuushed It the ihini sacral iier\es and all below 
are cut iheie will he i coiisule rahle area ot saiidle aiiesthcjia extending 
toruarel o\er the [icriiteuui and the extern d genitalia Ihere probabl} 
will he senile loss oi uiiietioti ot the ,uial spliuieter but immediate post* 
operatic e laeU ot tuuetioii is nut iieees'arih permanent \ esical reten- 
tion mac oeeur as alter am pelcie procedure, and constant drainage is 
nd\,intageous L ItnnaieK the sphnietei ot the bladder should be com- 
petent, though too little Is known about the exact le\el ot tuiiction of the 
bladder to enable one to be eloginatic on this point It will be found 
that the gluteus nuiseles eannot cohmtarih be drawn together after 
removal of the lower juit ot the saeruni Ihc fact that part of the 
origin of these nuiseles is lelt tree seems to cause little it any disability 


KLPOur or c\SES 

Case I — D G, a married woman aged 38, was relerred to us b\ Dr Morns 
Ruteiiberg There was nothing ot note m iier nniih or past historc In Octob^ 
1938 she began bacmg pain low m Iier back, extending out somewhat into her rig^ 
buttock This pain was increased by sitting It was not associated w'lth unnatio 
or defecation Tlicre was no pam or w'eakiiess of the legs, and no 
paresthesia w'as observed Tlie pain w as increased bv motion and was mcapacita 
Examination m December showed a smooth, hard, somewhat tender mass^pr^ 
jccting into the presacral space and palpable bv rectum It was not ““ 
the rectum and was about 2 cm across Tliere w'as some tenderness o t le 
part of the sacrum and cocc>x and to the right of the coccyx Roentgen 
tion showed a defect in the sacrum, suggestive of chordoma An opera im 
performed, the mass being explored from behind and a large amoun 
growth removed A pathologic diagnosis of chordoma w'as made 
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posed of an agglomeration of cysts about 1 mm' ^ ‘o be com- 

cystJike areas were ceen t ^ ut 1 mm m diameter Microscopically, these 

Woe-stammg, some'^at fibnlla^.'?r‘ nT°" — d. pale 

■ng mtercellular substaLe hadTmh charactenst.c-appear- 

ftere was very httle other i ^ variable number of tumor cells, and 

stellate, they had nL ^ "-ere large and 

The nuclei were lar^ 72 H Otoplasm, often vacuolated 

prominent nucleol OccLmnal ""'i ®hape, they had 

Roentgen treatment '"“It’noolear cells were observed, but few mitoses 

with some aMareT -°"‘hs, at first 

-re than ZZ tZZZT' -- 



roent^noff I roentgenogram taken before the first operation B 

bone destrmion before the second operation Note the increase 


radical^ Patient was first seen by us, on Sept 22 1939, it uas e\idcnt that 
but she could would be of benefit Her general condition uas good 

*^ut Without ° account of pain Slie uas taking sedatucb regularl> 

functio complained of moderate^ se\ere constipation, but 

ubout 6 cni^ bladder was normal The mass palpable b\ rectum uas now 

^be mass rectum was not adherent to it but uas compressed b> 

and sphincters were relaxed There uas no weakness in the 

The change m sensation or reflexes an> where 
she ^bg 1) show the progress of the di ea e during the tunc 

On 0 ^ 

''as deter ° *^** ^^ ^ laparotomy uas performed The mass was palpated and it 
*>uiph ^bat there uas no in\oI\emcnt of the peritoneum the retroperitt neal 

^ or the Ii\er A Dc\inc t>pe oi colostom> was carried out Con 
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irotn this oiicrattou h*, tlit. development ol p}eljtis 

1 he ihdntnuuil uotnul lu deil ptrieetlv, jid the coIo5toni> lunctioucd well 
On \u\ejnl)cr i o[ier>ilu>n vv^u perturtued A lonj^itudmal incision 

vv is nimk u\kt the s lennn ruinnn>' ni irK to the «'inu5 The greater portion of 
the sierinn md the c<;e^v\ were exp(»sed i he levitur nubcle^ and ihc glutei 
Were cut iw%iv .iiul the dw^vetiun timed ui> in trout ot the sacrum and coccyx 
It wi> reiuirkthle how e isdv the prc-ierd tis5Ue> were sejKirnled from the sacrum 



Fig 2 (case 1) — Tumor, portion of the sacrum 


and coccyx removed m 


block 

and the mass bulging from it The dissection was ^rd^acral 

of the sacrum, all nerves being sacrificed up to and left TJ'« 

the right It was not necessary to serer the third sacral Cub 

sacrum was dissected free up to the lower edge of the ^ 

slanting toward the upper part of the sacrum were jn co„- 

the sacroiliac joint on eacli side with heavj cutting ^ sacrum, 

nected across the midline, thus amputating the J „,^scks Wgetl>«^ 

coccyx and the tumor in one block It was impossible to 
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the’^a^'rum‘tHT ""d part of 

except ovTr .1 T surrounded by a fibrofatty capsule 

m diameter hemispherical tumor, measuring 8 cm 

m diameter, was attached to the ventral surface of tlie coccyx and sacrum, project- 

thelr thicknMs™°tff invaded throughout 

sectmn m ^ about 1 cm above the dorsal surface On 

necrotic 'T^ *=i''gely soft and gelatinous, somewhat lobulated, partly 

sMv ti and varied from gray to jellovvish to brown Micro- 

y, the tumor showed less typical intercellular substance and was hence more 



cf ^ (case 1) — Postoperative roentgenograms showing the extent of removal 
the sacrum 



_ , tumor cells were otherwise similar, but a larger proportion were 

vacuolated 

was^^ expected, the wound became infected but finally healed At first there 
retention of urine and constant drainage was carried out This was unncccssar} 
^itcr a week 

Sli condition at the time of writing, five months after operation is satisfactory 
^ normal control of her bladder The right side ot the \ul\'a is anesthetic 
*s an area over the right side of the sacrum and the right buttock There i:> 
^^^aneslhcsia of either leg and no change in tendon reflexes Her gait and station 
^ normal There is a soft area about tlie scar on her back tliat does not gi\e 
^‘scomfort A colonmetrogram taken by Dr J C White on March 2a 
and sensation and peristalsis in the lower part ot the sigmoid flexure 

•pj^^ ^ *^tictum The rectal sphincter is continent up to 40 cm ot water prt sure 

continuity of the sigmoid flexure Is now being reestablished 
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As u.is itKiKan.l It tlu lK-iiimii '4 ot tins pajycr, chordoma ot the 
\crtobral (.nhinm pru-uits a \<r\ diltcreiu |)n)!)Icm trom chordoma ot 
the lijwcr part ot the s.n.niiii and the loecw It is rare indeed that a 
preoperatue <hae:n<>-'is e.iu he' nude with .uu eerianu\ Ine oubtand- 
111'.^ te Uurts ot till "•( growths .in similar to those ot extradural beni?n 
tumor ot the spmal e mil ot ot sonn. destruetne lesion ot the lertebral 
hod\ In eiiininoii witli tliese growths, the} usuall} cause compression 
ot tile eotd or ot the eauda ef|nina with tlie sit,Mis associated with such 
eoinpression, lunieh. pain ]>ar.ihsis iielow the le\e*l alTected and block 
ot the spin il tlnul \ histor\ ot tnuinu is somewhat suggestne Chor- 
dom Is grow more’ sIowK th.ni do malignant lesions The roentgen 
picture, while not is ehar.ieii ristic .is that ot sacrocccc\ goal chordoma, 
ma} be heljitul It the bi d} ot the \ertebra is nnohed there ma} be 
a rounded c.i\it\ \isible in it, or there ma\ be an irregular niotded 
appearance similar to tint seen in \ertebral hemangiomas except that 
the mottling is coarser ihere is no eudence of new bone lomiation 
as in metastatic caremunn of the prostate, bone destruction is not as 
intense, nor does it show the moth-eaten appearance cliaractenshc of 
most of the other forms of malignant disease of the ^e^tebral bod) In 
1 of our cases (case 3) a presumptnc diagnosis of chordoma should 
ha\e been made b} roentgen examination 

The problem of treatment also is different In the spine one is deal- 
ing with a growth which on account of its position is not open to radical 
extirpation Therefore, palhatne operation and, if desired, roentgen 
therapy are the onl\ measure These tumors are of slow growdh There 
IS a definite tendenc} to dislocation or to collapse of the vertebral bodt 
When the disease is extensive w'e behe\e that after exploration and as 
complete remo% al of all tumor tissue as is possible, an earl)’’ fusion oper 
ation should be performed to combat this danger In 1 of our ca^ 
(case 2) partial dislocation took place before fusion was earned out 
a result of this experience the other patient A\'as submitted to a fusion 
operation five iveeks after piecemeal removal of the grow^tli Sucli an 
operation adds several iveeks to the period of hospitalization Hower^> 
the indication for a procedure to strengtlien a spine already we cn 
by this slow 1} progressn’^e, destructive disease, plus an extensn 
laminectomy is clearly evident 

Case 2 — J W 0, a boj' aged 14, was admitted to tlie Massachusetts Gen^ 
Hospital on Nov 4, 1935 There was no historj-^ of unusual trauma to e n 


The patient had ahvays been a strong, active boy 

One year before entrance the patient had had an attack of stiffness m i ^ 
with pain on motion This lasted seieral days Since that ^ ^^jual 

number of similar attacks During tlie last six months there ha 
development of numbness and weakmess in all four extremities 
his right hand and later spread to the left It was onlv during e 
admission that the process had involved his legs There 
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the extremities Though weak, he could move all tlie muscle groups There had 
been no interference with urination or defecation 

Physical examination re\ealed notliing remarkable except as follows There 
was moderate limitation of motion in the neck, with pam on motion There were 
weakness and spasticity of all muscles, including those of the shoulder girdle 
Increased tendon reflexes, bilateral Babinski signs and clonus were present There 
was diminution of all forms of sensation m both arms There was no pain or 
numbness of the occiput 

A combined cisternal-lumbar puncture was performed, which showed evidence 
of block, and iodized poppyseed oil was injected into the cisterna magna The 



Fjg 4 (case 2) — Preoperative roentgenogram Note the small area of ne 
^traction in the third cervical vertebra 


total protein content of the spinal fluid from the lumbar needle was 83 mg ixr 
^^Ired cubic centimeters . i fv 

Roentgen examination (fig 4) was at first thought to re\eal no ^ 
but review of the plates at a later date showed a suggestion of bone dest 
‘u the lamina and pedicle on the right side of the third cervical %er cb 
^ 1 e iodized oil, with cap formation, was present at die secon cen ^ 

nimectomy on November 16 revealed a soft, reddis ^ pedicle and 

ront of and to the right of the cord It seemed to arise r second 

y of the third cervical vertebra and extended from the upper sj.cond 

0 the lower edge of the diird The growdi mushroomed out tl-ougli ^the^secon^ 

^nertcbral foramen The pedicle and the transverse process 
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iinss s K ru.iovul in .o. r.,1 1 .rf . ir met, tli. eu.mn npiKiruitl) being complete 
cvept wiitrc It scuiiul t...,n,t irmn the \ertehral b..d> The right vertebral arterv 
ua, s.irronmle.l In ti.c . muth It u i, . m a, r„„ nml secured u.th dura clips 



I’lg 5 (cabe 2) — Sketch ot tile tumor as seen at operation. 



Fig 6 (case 2) — A, dislocation following laminectomy B, present 
Note the reduction of the dislocation and the solid fusion 


Pathologic examination showed the tumor to be a chordoma No mitotic 
were seen, and it was thought to be of comparatively slow 
All muscle weakness, sensory disturbance and reflex changes 
It was realized that there was great danger of dislocation on a 
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destruction and tlie extent of the operative procedure. Notwithstanding careful 
immobilization, gradual dislocation took place, though without neurologic signs 
The boy was readmitted to the hospital, and a fusion operation was performed 
on June 16, 1936, by Dr Edwin F Cave 

Roentgen therapy was discussed but not advised in this case It was t oug t 
that the tumor was of slow growth and might not recur for many t was 

felt that the massive doses necessary to influence such a growt wou e unw s 
on account of the long life expectancy of the patient 

He has done well in every respect When seen on Sept 18, 1939, he showe 
evidence of solid fusion There was no muscular weakness, impairmen 
sensation or reflex abnormality Notwithstanding the fact that is nec is 
the boy is running on his school track team This patient was ^ 

rapidly becoming so The growth was extensive and, toge er wi i e 

lanunectomy necessary to expose it, weakened his spine su cient y to ca 


location, 

Correcbon of the dislocation 
person with no great handicaps 


and fusion have made him a 
It IS probable that the tumor 


useful and active 
will recur, but it 


may not be for some years 


Case 3— C F B , a man aged 62, was admitted to the Massachusetts General 
Hospital on Jan 18, 1937 

In 1912 the patient fell from the roof of a house, landing on a bothered 
He was laid up for two weeks with a lame back and ^7^6 meters) 

off and on for a year by pain in the back. In 1933 he ell 25 feet ^ 

landing on his back He was unable to stand immediate y a er later 

m bed eight weeks and returned to his work as a carpenter seve 

Ho roentgenograms were taken at this time fallen 

In the spnng of 1935 he had pain m h.s left foot, thought to be from fallen 

arches , ncreased 

In November he noticed pain in his left leg a^d spreading 

and was accompanied by weakness beginning m the K weakness and 

to the nght leg There was no rectal or vesical disturbance. The weakness 

pain increased, and when admitted he could barely stand a one lutnbar 

Physical examination revealed no abnormality except as o o lumbar 

portion of the spine was flat and stiff There was some- 

Spinous processes The muscles of the lower parts ^ , ctrencth Sensation 

atrophic and flabby The quadriceps muscles were of goo Plantar 

normal everywhere. Knee and ankle jerks were no block and 

response was down A lumbar puncture showed evi ence ^ examination 

a total protein of 1,380 mg per hundred cubic centimeters Roentgenograms 

showed areas of bone destruction in the second lumbar ver ^ lumbar 

taken after the injection of iodized poppyseed oil showe a ca 

nr h 17 A soft reddish tumor mass s\as 
J-aminectomy was performed on March 1/ ^ ^ iPe second 

mund l>mg ,n front of the dura and apparently arising m scooptd 

lumbar Nertcbra It was removed, and a large mass of tumor 


of the vertebral body, leaving a mere shell tM^ical chordoma 

Pathologic examination showed that the tumor v.as a roentgen thcnp> 

it ^^as felt that a fusion operation nas advisable and that 

should be earned out 
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On \i>ril 22. a iumuu npcialiun w iK-riorinul b> Dr Wjlliam A Rogers 
During com iriun iIin <j[»critu>n initUNivc rcxnti^tn ilitraj)} was instituted 

Ihcrc was muktd t uuuiu' oi the slvin oi tin. bick, and i small sinua developed 
which sccincd to run down lo the bone gnu 

ilic nnpr<wcnn.ni in the p Hunt’s nauolugu cuiuiuiuii was marked Hb pain 
Celled it once Old the sircmuli m lus Kg^ emu back gnduall> 

1 he sinus Ins penntnl I)Ui gues him htiL trouble and no discomtort 
D\aiuui iliuu in Much 10 tO, showed tint hi 5 » back was stift and severely 
tanned b\ irradiiiion uul liu presence t)i the sinus mentioned above Hb legs 
Were strong there w is lU) semnrv disiurliuue uuwlurc and the reflexes were 
norm d 



Fig 7 (case 3) — ^l, condition betore operation Note tlie sjg ^ 
of the vertebral body and the mottled appearance B, presait con the 

the vertebral body shows more enlargement and more mottling 
presence of tlie graft and the straight spine 


Roentgen examination shows increased destruction of the ver 
present, but tliere is no collapse and the spine is straight ^ j^^ppY 

This patient has been put back on his feet and is leading a 
life working as a carpenter His back gives him no trouble w la e 

a tiny dressing over the sinus Hancer of colhps* 

It was felt at the time of his operation that tliere was grea 

of the shell of the vertebral body ultimately cause fus 

It is evident that the disease is progressing and wi usefulness ana 

death The fusion and possibly roentgen therapy have increase 

life expectancy 
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SUMMARY 

The results of treatment of spinal and sacrococcygeal chordoma have 
been unsatisfactory 

A method of dealing with suitable sacrococcygeal chordomas by a 
two stage block resection is described 

The value of fusion after palliative removal of vertebral chordoma 
IS pomted out 

Three hitherto unreported cases of chordoma illustrating these points 
are reported 

In the preparation of this study, Dr Samuel Lowis made a careful study of the 
cases reported in the literature. 
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SOLll \k\ XU\P\K\blilL C\Slb OF THE LIVER 

J\ CIIILDREX 

\IJJLUI II MONTGOMERY, MD 

CUIC vco 

Soluan notiparasiiic c)st^ ut the lucr are rare, especially m children 
In only 25 ot the 108 eascb reported to date ^ did the lesion occur m 
ehildren under 13 eears of age 

Stocbser and \\ angeiisteen in 1929 and Wiklc and Charache m 
1936 revieued the literature in detail and reported cases of thar own 
Little has been added to knowledge concerning these cysts since t en 
Because the 2 children with this rare condition that have come un 
iny'^ obseT\ation exhibited some unusual features, I have thought it wor 
w'hile to report their cases and to comment on the subject 


Kht’ORT OF eVSES 


admitted 


Case 1— C D, i white girl aged 6 \ears, ot Irish parentage, was a 
to the Children’b Memorial Hospital on Oct 31, 1935 because o ^ 
abdomen and an abdominal tumor, both of w hich had been presen 
When the child was born the tumor mass was described as rni u 
about the size of an orange It was located in the right upper ^^ygioped, 
skin of the abdomen at that tune was flabby and wrinkled s le 
the size of the mass remained unchanged, but the abdomen la }ystor}, 

pendulous and flabbj', without much muscle tone (fig ) Vhere bad been 
past development and family historj were essentially irre evan 

no complaints referable to any system 

Physical Eraiiuiiatiou (Positive Fitiditi(/s Oiih') The cepia ^ gelow the 
chest appeared flattened and narrow m its groove, w>tb 

level of the fifth ribs anteriorly there was a defim e j^on^en wtli die 

marked flaring of the ribs on both sides InspecUon o ^vitb a 

child lying flat on her back revealed a sunken, somewi ^jg^mtely to the 

noUceable linear wrinkle down the nndline The ^ right flank 

left of the midhne The left flank had a norma c ’ y^ns of th« 

seemed to have no muscle tone and bulged subcutaneous tissue With 

abdomen were prominent and appeared to sink in contraction of^* 

anterior flexion of the head on the neck, tliere '' , „ t^e right Both 

rectus abdominis muscles, the left being , noddle and 

appeared hypoplastic There wa. retraction of the upp 

Surgical and Pathologic Services of Nonparasd'*^ 

1 (a) Stoesser, A ^ n""” PhTd"’ Ss'^dUAug ) 1929 (b) \V.kIe, H 
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segments of the left rectus muscle when the skin m that region was sbmdated, 
but no response was seen on the right to a similar stimulation The o ique 
muscles of the abdomen appeared normal on both sides 

The abdomen was flabby and doughy, and its contents ^\e^e easi ) papa c 
In the right upper quadrant, situated well under the ribs, was a firm, har , 
mass approximately 7 cm in diameter The tumor was freely movable and fe into 

the false pelvis when the child was erect 

When the child stood there was a falling forward of the abdomen m a 
pendulous, atonic protuberance, strongly suggesting the appearance of a post 
partum abdomen in a multiparous woman 



F'g 1 ~A, front view of the child before operation Note the ^ 

'"’bilicus and the bulging of the right flank. B, lateral view Note 
^3rked Harrison's groove 


Tu ^ t f After makmfi p> Co- 
here were no other positive physical findings of ^ Anspach 

and roentgen studies of the gastrointestinal tract (ng -A 
^ roentegenologist, summarized his data as follows quadrant, 

^ A tumor mass 8 4 by 74 cm was present in the ^ . associated 

a fairly dense calcified material in its wall It N\as no 
the colon. It was probably a calcified cjst 
There was no evidence of spina bifida 
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0 1 litre wns iltf-lit (ill It Hum ui the 
0(1 liiuh Milts, suiiituli it more on tlit 
cotittiilraiion oi il>t in tlit hl.iddtr 


rtnal jithis, the lahccs and the ureters 
right than on the left Tlicre was poor 


Liibonilory Studus—'l ht tolluwmg snhits wtrt obtained hemoglobin (Sahli), 

innliA*' cells, 4.100.0(10 jitr cubic inilhintter, white blood cells, 

lO.OtX) i>tr cubit imlhiiitttr. iioljiiiuriihoiiucltars, 48 ptr cent, l>niphocytes, 48 
per cent, and tosmopliils, 1 ptr ctiit Ivtt>t ittd uriinljsts resealtd only an occa- 
sional Itukoc>tt and tpithtlnl ctll Hit Wasstrinann reaction was negative, 
Tht prtoiH-ratut diagiiO'ts on \o\Linbtr 2 wtrt (1) Congenital hypoplasia 
ot tht \ttitral abdoiiiiiiil nuisculaturt , (2) congciutal calcified cystic abdominal 
tumor (gallbladdtr ^ ItratuiiuH), uul (3) mild right ludroiiephrosis (pressure 
from tumor mass) 



Fig 2 — A, anteroposterior roentgenogram of the tumor mass, showing i 
relation to the colon B, lateral view, showing the relation of the tumor to 
spine 


Operation — On November 2 the abdomen was opened through a ngW uPF 
rectus inasion with the child under ethylene and ether anesthesia The awo 
wall was abnormally relaxed, and the right rectus muscle \vas very n a^ 
markedly dimimshed in size When the abdominal cavity was ent^e , 
aneurysm-like mass about 10 cm in diameter was found lying just un em 
the liver (fig 3) and to the right of the gallbladder, which was 
elongated and distended with bile, measuring approximately 14 cm i ^ 

The mass which was attached to the relaxed round ligament ot me 
ffirous people, was rough and »nn|d.d ^a™ 
a hard rubber ball It was covered with many dilated ^.^oved 

the pedicle had been ligated with chromic catgut, the tumor mas 
in toto and the abdomen was closed in the usual manner, withou 
child’s ’condition was good at the end of the operation 
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Her postoperative course was uneventful, and renal functional tests revealed 
no abnormality She was discharged home in good condition on November 18 
When last seen m the outpatient department, on No\ 16 1938, the child seemed 
to be cntirelj well and without symptoms, although the ah iomen was still sagging 
and required support 

Gross Description of Tumor Mass — The specimen weighed 235 Gm, was 
oval and measured 8 5 cm in Us largest diameter ai d 7 cm in width The 
anterior, or presenting, surface (fig 4 A) was thrown into a rich convolutional 
pattern, greatly resembling in this respect the surface of a normal brain, or a 
“Pansian coiffure ” The posterior surface, or under surface tended to be smooth 
Transversmg it were several flattened, tortuous ves'^els which evidently entered 
into the formation of the vascular stalk by which the mass was suspended beneath 
the liver When sectioned (fig 4 3) the mass was *?een to be composed of three 
distinct layers The outer layer, of thick wavy folds determined its external 
appearance. It was of fleshhke consistency, was pink to gray and measured 05 
to 1 cm in depth On cross section this stratum consisted of fairly dense pmk 



Tig 3 — Photograph of artist's drawing showing the position and appe 
0 the cyst at the time of operation. Note the pedicle. 


WnnecUve bssue covered over by a thin, shiny capsule closely 

roll3 and d.ps In places a fine red stippling suggested the presen 
^ vessels that had been transected , . 

A distinct cleavage plane separated it from the middle 
f«s^nsible for the gross shape and outline This was a ^ U ^ 

y calcified shell about 2 mm in thickness It entre creum- 

PPtarance and resiliency From its inner surface, around th ^ 

frnw'^* filling the largest part of the enclosed space, ere P suggested 
coral-like, papilhferous light brown growth. Its ^ aqueous 

meri ' composed of some type of delicate interstices and 

about 30 cm of dark brown cloudy fluid filW ts injers_^^^ 

core This fluid had a positive benzidine r marine 

flon "'a recognizable cytologic elements The lining passing across 

t *e Lec^ mass a tough fibrous one 

confr, j divided the mass into two unequa po I magnified 

'‘‘nfonned to the foregoing description The small compartment 
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optrculiun 01 a iniintodL oviiin (fij,' 5), contauicd a denser jet more friable 
hoinogeiieoiis maternl ot ideiitial color ind without recognizable structure The 
tuuior nusb uas linn water 

ilfurosLOpu OtSLnptton {lUmatotxhn and Rosin, Mallory's Aniline Blue and 
I t-rhotj} s I.lastu 1 issue litains) — I he wall ot the cjst was made up of three 
dibtiiiet la\ers, the outer of whieh was coiu]K)sed of loose fibrous tissue containing 



pjg 4 — external surface of the cyst, showing its resemblance ^ 
brain or a “Parisian coiffure.” B, bisected cyst, revealing its three distinct 
Note the inner calcified layer 


many large and small dilated engorged blood vessels, egularl) 

varied from 2 to 5 mm in thickness In focal places small clump 
arranged regions of liver cells (fig 6) were seen No oth^er of 

able, and there was no increase m the elastic fibers The 
Ussue was thin and fibrous 
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The middle layer was composed entirely of homogeneous, dense calcified 
material having an average thickness of 1 mm It was not inbmately bound to 
either the outer or the inner layer^ In a few places blood vessels were enclosed 
m Its structure 

The innermost layer was composed of a somewhat uniformly dense, homogen- 
eous material which stained poorly Here and there were dumps of partially 
disintegrated cells which could not be identified but resembled an old blood dot 
The final diagnosis was calafied pedunculated cyst of the liver 
Case 2 — M T, a white girl aged 6 months, was brought to the Childrens 
Memonal Hospital on Sept 6, 1933 by her mother, who had noticed for several 
months that the child*s abdomen had become abnormally large In every other 
way the child had been healthy and normal since birth 

Physical Exaimnatimi — The baby appeared bright and active and, except for 
the abdomen, seemed to be of normal development Examination of the head, 



Fig 5 — Roentgenogram of the surgically removed tumor Note the resem- 
blance to a trematode ovum 


neck and extremities revealed no abnormality The abdomen wab trcinLiidoubU 
enlarged The greatest circumference, which was 5 cm abo\c the umbilicus 
53 cm while tlie thoracic circumference at the lu\cl of the nipples \%as onl\ 3S 
cm The superficial \eins ^\ere prominent on the abdominal wall and the skin 
was tense and shiny Palpation disclosed a C 3 Sthkc masb on tlic riglit cMcmlm;, 
from the costal margin down to Poupart*s ligament and mcdialK to tlic niidhm. 
It did not seem to be movable in an> direction On pcrcusbioii the mass sounded 
dull, while the rest of the abdomen was ^er> t>nipanitic There was no tenderness 
over the tumor mass or elsewhere The chest appeared to be shortened lum^itu 
dinall}, With some flaring of the lower ribs The distance irom the ai>ex to tie 
ninth nb was 4 inches (10 cm) The breath sounds were uppre ed over tie 
base ot the lung The lieart was evidentl> displaced to tin- hit as the n^lu 
border wab to the right oi the blernuin and the apex beat was a cm to lU Uit 
01 the nipple line 
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of liver cells in the oiiterkye^'rf”t'hrcylt ^ slio'vms clumps 


closed about it lodofomi gauze and the abdominal wound 

of moT^d ^ ^ 

Subsequent H,sta,y-.Th^ abdommal wound healed londly and for several 

tTfof T lodoforrn Tut As Is 

taken of tlie cyst after injection of iodized poppyseed oil showed htUe reduction 

in the size of the cavity and it was becoming very difficult to insert the gauze 
packing, vanous sclerosing substances, such as tincture of iodine and silver 
nitrate solutions, were applied to the lining of the cyst, without any appreaable 
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effect Two years after the first operation another exploration of the abdomen 
was made through the scar of the first operation The cyst cavity was found to 
be much reduced in size but still irremovable from tlie under surface jf the liver 
The cavity was swabbed with phenol and alcohol, and marsupialization was 
reestablished. Profuse drainage from the cyst went on as before 

As roentgenograms made in August 1937 after injection of iodized poppyseed 
oil showed little diminution of the cyst, a sufficient quantity of Zenker’s soluUon 
was injected to fill the cavity At first this caused abdominal discomfort for several 
hours, but after weekly injections the pain gradually lessened. The amount of 
enkePs solution that could be injected slowly decreased until September 1939, 
when the sinus closed. It has remained closed to the present date 



7 — Photomicrograph (Mallory’s aniline blue stain, X 30) showing the 
outermost layer of the cyst, with loose conncctne tissue and nianj engorged 
blood \essels 


^"iftcroscoptc Dcscnp/iojt — The cyst wall consisted csseiilialh of tlircc lj>crs 
(% 8) The inner la>er was the lining epithelium the nnddlc Ia>cr cuiiiislcd 
of loose connccti\c tissue and the outer lajcr of h\cr tissue 

The inner lining of the c\st was formed b> a well preser\ed la\cr oi viratiUtd 
epithelium (fig 9) basal cells of this epithelium were pal\lu.dral witli tl cir 

nuclei arranged at nght angles to tlie surface The more suiKrficial cell:» were 
elongated, flattened in a direction parallel to the surface The epithelial Ia\cr 
''’as three to fnc cells deep with nuclei which were m main reM^-'^^ti viinilar to 
those of the luer or bile duct CelK The superflenl cells had under(^,< ne n 4*1 rate 












separated this laver of , 

tissue (fig- JO) Thf. I ^ ^ynipJiatics from k 
properties and the characT^ ^s regards^”^^^^^ 

r tr r — rvTrr' 


Air M . 0^ 

Along the inner border of tho i, 

tim^ ^ jnjervals These were lined with^co^Jum ^ observed at fairly 

times mildly dilated but always empty The kv and were some- 

^ P'y The layer m which the bile ducts uere 
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Polymorphonuclear 

most layer of the cylt wasTZed h T'" ‘ The outer- 

tissue, which corresponded to the hv^ ^ ^'"’i collagenous fibrous 

responded to the liver capsule and ^^as lined with flat endothelial 

The final diagnosis was nonparasibc cyst of the liver 

general considerations 

to late '’’f' °i =■" from fetal 

ut are found rarely in infants and young children 
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the^su ^ Tliotomicrograph (X 6-10) The c>st is lined bj stratified eintbeliuin 

r ace cells of which ha\c been altered b> tlic presbure of the eonieiiti 
'Ji me cyst 


witl/^^ ^ occur in the Iner alone but arc mobt oltcn asbociatcd 

cystic disease of other organs or with congenital niahoniniioiiN 
bun^^ occur more often in feiinlcb than in inalis the ritui 

Ling 4 1 explained on the basn> tint (Ie\ elojnnenlal dtieetb 

Well known to be more common in the tonne r i:e\ 

Most cysts are located in the anterointenor portions oi the n^Ia 
^ h\er, but the left and quadrate lobes ma\ be nn< l\t<l In 
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a few Ihe cenluil part of tile liver nas the site of the cyst The 
rotittd ligament was nnohetl ni a few eases tlescnhctl by Hamtigton' 

nhirr ^ ^ 

placed by tbchc cy^ti, ji> \ariable , soiiietiincs the entire lobe is destroyed 
borne c^sts are microscopic. r\lule others may fill almost the entire 
abdomen C>sts of tlie lucr grou very slowl> it at all, and this m 
most cases accounts for the lack of signs and s}mptoms, as the adjacent 
organs adapt theniscKes to the presence ot the tumor mass Many 



Fig 10 — Photomicrograph (X 80) The peripheral portion of the cyst is 
covered by the capsule of the liver, beneath which there is well formed liver tissue. 


of the large cysts are pedunculated and may show a marked degree 
of motility, as in my first case When the pedicle is long, strangulation 
and hemorrhage may occur, and these two complications usually account 
for acute symptoms Another characteristic of nonparasitic cysts is the 
low internal tension, the reverse being true of hydatid cysts, as has 
been recorded by Itahan writers 

■^'Harmgton, S W S CIm. North America 6 1191, 1926 
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The external surface of these cysts is usually smooth, glistening 
and grayish blue, often showing many dilated veins and bands of tough 
fibrous tissue The internal surface may be less regular and Miiooth, 
and the thickness of the wall is extremely vanable The contents of the 
cyst vary from a clear, watery, sometimes yellowish brown fluid, neutral 
or alkaline in reaction, to a semisolid material resembling an organizing 
blood clot An analysis may show albumin, mucin, cholesterol, blood, 
hematoidin, hemosiderin, tyrosin, some granular and cellular debris and, 
rarely, bile Some writers claim that the older cysts contain no bile 
because it is being constantly absorbed 

The microscopic appearance of the cyst wall usuall} demonstrates 
that it consists of three fairly distinct layers, an inner layer of loose 
tissue rich in ill defined cellular debris, a circular dense middle layer, 
poor m cell nuclei, containing a few blood vessels with thickened intima, 
and a loose outer layer rich in blood vessels, elastic fibers, muscle fibers, 
clumps of bile ducts and liver cells, covered with a thin fibrous capsule 

Various classifications of nonparasitic cysts of the liver ha\e been 
attempted, but Sonntag's ^ is the one generally accepted ( 1 ) blood cysts 
and degenerated cysts, (2) dermoid cysts, (3) lymphatic cysts due to 
obstruction or congenital dilatation of the lymphatics, (4) endothelial 
cysts, (5) cysts due to obstruction of bile ducts and (6) prolifcratne 
cysts (cystadenomas) 

The possible mode of origin of these cysts has been discubsed in 
detail by Bland-Sutton,^ Moschcowitz,® Kaufmann ° and Euing 

From all the theories expressed one must conclude that nonparasitic 
cysts of the liver are congenital and are of biliary origin, perhaps arising 
from aberrant bile ducts which result in benign cystic adenomas 

Solitary nonparasitic cysts of the liver ® are usuall> s\ mptomicss 
unless they become large enough to give pressure symptoms or arc 
palpable It has been stated that in most cases s\inptonis arc not 
produced in childhood other than the presence of an abdominal mass 

4 Sonntag, E Bcitr z klin Chir 86 327, 1913 

5 Isloschcowitz, E Am J Sc. 131 674 1906 

6 Kaufmann, E Lchrbuch der spLzielkn patliologisclicn •\natornit td o 
Berlin, G Remier, 1911, ^oI Ip 608. 

7 Ewing, J Neoplastic Diseases cd 3 Pliihdtipina W B Saundcr. Coin 
pan>, 1928, p 731 

8 WitzU O Cuitralbl f GMiak 4 561 ISbO Sanger M and KImp 
A Arch f G>nak 16 415, 1880 Miller G B \in J Ohst IS Y2 IMJJ 
Shaw H L K and Elting A W Arcli. Pcdiat 26 SIS 19CH; I owenhur^ 

H ibid 35 285, 1918 E\cridgL J Lancet 1 1748 1914 \lc\andtr C 

Edinburgh M T 32 61, 1925 ScaloiK I Policlinico (sez chir ) 31 2f 1*^2/ 
Elnson E L Ann Surg 99 691 1934 White M \rch Di^ ^ 

319, 1936 Bagot, W' S Dublin J Sc 93 2c.- 1892 K IK l* n H D 
an<l kaniback \ V \ irchow-. \rch i path \mt 130 4s.- 1^92 
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in the right tipper (iiiadrnnt When ii 3 mptQnis occur they are usually 
naiiic.i, \oniiting, diarrhea, pain in the upper part ot the abdomen and, 
rarely, jaundiee Tlie correct chagnu»is ot such c}sts of the liver is 
ditlicult, being made onl) at ojieration or at autopsy Roentgen exami- 
nation ot the abdomen ma} show the tumor to be a part ot the liver 
shadow, and Plofmann (cited b\ Stoesscr and Wangensteen brought 
out tile difterential points of such an examination It w'as suspected 
m mj'' first case that tlie tumor was attached to or associated with the 
gallbladder With large pedunculated c\sts the motility may be m all 
directions, the downward motion, however, being limited by the attach- 
ment to the liter Pneumoperitoneum as a diagnostic aid has been 
disappointing, but direct visuah/ation ot the tumor with the peritoneo- 
scope may be ot diagnostic help 

Surgical remov.il as done m m 3 ' first case is the treatment of choice 
when possible Complete extirpation cannot alwa 3 S be done, however, 
and drainage and marsupialization as done in my second case may 
be the procedure of neccssit 3 Fatalities hate been reported due to 
shock from the sudden release of intra-abdoininal pressure This can 
be avoided b 3 ’' the injection ot epinephrine h 3 'drocIilonde subcutaneously 
before the C 3 'st is opened and bj' slow remotal of the fluid This may 
also prevent complete etisceration, which has been observed by some 
surgeons, especiallj'- in treating these cysts in children The prognosis 
in general is good if the patient surtives operation, but the operative 
mortality of nonparasitic cystic disease of the liver in the reported cases 
vanes between 10 and 30 per cent 


COMMENT 


From the description of my 2 cases it is quite evident that both cj'sts 
were congenital In case 1 the tumor was present at birth and w'as 
associated with congenital weakness and atrophy of some of the muscles 
of the abdominal wall, and in case 2 it was discovered a few months 
after birth 


As liver tissue was observed in the walls of both cysts, it is fair to 
assume from that fact and from their location that the cysts ongmated 
in connection with the liver The first case is unique in its bizarre 
roentgen and gross appearance A review of the literature iai s 0 
show a similar case Because hver cells were observed in the ou e 
layer of the cyst, I believe that this tumor mass was originally a 
accessory lobe of the liver and that dunng the intrauterine period, wue 
the abdominal contents were returned to the abdomen ^d 
assume their normal position, this mass of hver tissue became n 
on Tpedicle. produLg necrosis of .ts central port, on from loss of 
blood supply This was followed by the depo^“^^ 
middle portion Subsequently the tumor mass fmled to mcrea 
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owing to faulty blood supply and failed to give symptoms because of 
its location and attachment In short, I believe that this was a con- 
genital nonparasitic calafied cyst of an accessory lobe of the liver 

In the second case the presence of compressed hver cells in the 
lining of the cysts would seem to indicate that the cyst arose from 
obstruction of the bihary ducts near the infenor capsule of the liver, 
producing a cystadenoma of the liver 

CONCLUSION 

Two congenital nonparasitic cysts of the hver in children are pre- 
sented In 1 case the calcification and bizarre appearance of the cyst 
are pointed out The use of Zenker's solution as a sclerosing agent 
in the obhteration of these cysts is suggested 

Dr W Price Killmgsworth, of Port Arthur, Texas, assisted m describms: the 
pathologic speamens 

122 South Michigan Avenue 



CI[\NGES IN HONES AND JOINTS RESULTING 
FROM IN'I FRRUfM ION OF CIRCULATION 

I GLNLKAL CONSIDLK \ flONb AND CHVNGCS RESULTING 

RROM INJURILS 

D\LL\S B PHCAflSTER. MD 

CHICAGO 

Lesions ot \anoiis organs resulting from interruption of the circu- 
lation are of common occurrence, and their pathologic and clinical 
aspects are generalh known to the members of the medical profession 
Examples are occlusions of the coronary, cerebral and pulinonar}'’ artenes 
and infarctions of the kidney and of the spleen However, m the case 
of bones the same generalisations cannot be made Although it has 
been accepted since the report of Langer ^ m 1875 that the bones contain 
end arteries, knowledge of changes m bones and joints from vascular 
blockage w^as slow in developing There are a number of reasons for 
this first, the absence or mildness of immediate s 3 'mptoms resulting 
from simple interruption of circulation in bone, second, postmortem 
examinations of the skeleton are much less common and less extensive 
than are those of the viscera, third, operation affording a chance for 
pathologic examination is seldom indicated with most forms of aseptic 
bone necrosis, and fourth, certain roentgen signs of tins condition 
which are late in appearing were long confused with those of other 
chronic lesions 

Septic embolism of bones has long been regarded as one of the 
causes of pjogenic and tuberculous osteomyelitis, but definite informa- 
tion on this point is scanty Volkmann - m 1864 reported multiple 
suppurating infarcts of bones in a case of septic endocarditis in which 
necropsy was performed There is a difference of opinion as to the 
role of vascular blockage in the pathogenesis of the usual hematogenous 
osteomyelitis, whether it arises from the activity of bacteria which lodge 
in the tissues and sinusoids of the bone or from that of organisms con 
tamed in small emboli which block end arterioles of the metaphysia 

From the Department of Surgery of the Umversity of Chicago 

1 von Langer, C Ueber das Gefass-system der Rohrenknochen, mit Beitragw 
zur Kenntnis des Baues und der Entwickdung des Knochengewebes, lenna, 

Gerolds Sohn, 1875 Arrh f 

2 Volkmann, R Embohsche Knochennekrose nach Endocarditis, 

klin Chtr 5 330, 1864 
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regions Information is difficult to obtain because in either case the 
initial lesion is small and is rapidly obscured b\ spread of the inflamma- 
tion to surrounding tissues That a large arter\ may be blocked by a 
septic embolus resulting m massive bone necrosis with slow secondary 
infection and resolution of the necrotic area has been claimed by 
Axhausen Such an occurrence would necessitate the existence of a 
septic focus in the pulmonary veins, the left side of the heart or the 
arteries, giving rise to the embolus, as particles passing through the lungs 
would be too small to produce the obstruction Konig ^ expressed the 
belief which has been extensively accepted, tliat areas of necrosis associ- 
ated with tuberculosis of the metaphyses and epiphyses, some of which 
are wedge shaped, are the result of embolism of caseous tuberculous 
material gaming entrance to the arterial circulation from tuberculous 
lungs by way of the pulmonary veins While the theory is very plausible, 
direct proof is still lacking 

Knowledge of simple or aseptic interruption of the circulation in 
bone has been developed mainly during the past thirty years, owing in 
large part to the contributions of Axhausen, who, together with Berg- 
mann,”* has recently published a very comprehensive review and exten- 
sive bibliography of the subject However, since then there have been 
other reports which have added considerably to knowledge of the subject 

The first information on the effect of aseptic interruption of the 
circulation in bone was obtained by a study of transplanted bone 
Ollier expressed the opinion that the entire transplant remains alive, 
becomes attached to the bone and subsequently undergoes more or less 
transformation in adjusting to its location and function Barth was 
the first to recognize that the bone tissue dies and later is invaded and 
replaced by new bone He expressed the opinion that there is death 
of the entire transplant and that new bone grows into it from the bone 
into which It was transplanted Axhausen first demonstrated that the 
periosteum and endosteum of the transplant survne and tak^. the most 
active part in generating new bone which replaces the dead bone ^ 
But in case the transplant is extensively and snugh embedded in bone 
the invasion and replacement may be in large part b} tissue from the 
surrounding bone Corml and Coudra} ^ demonstrated tliat with frac- 

3 Konig F Die spccielle Tubcrculosc dcr Knochen und Gtknte Berlin 
August Hirschwald 1896 

4 Axhausen, G , and Bergmann E Die ErnaIirun 5 ,buntLrbrLchunftHJ nii 
Knochen m Henke F, and Lubarsh, O Handbuch dtr spcziLlkn pTtljob thtn 
Anatomic und Histologic Berlin, Julius Spnm^cr 19 j 7 >ul 9 pL 3 

5 Barth Ueber histologisclK Befunde nach Knodicnimrl intatu n \rih f 
khm Our 46 409, 1893 

d Comil and Coudra\ Du cal an point dc \ue c\pcriii total ct In ii h ^ t 
J dclanat ct ph>MoI 50 103 1904 
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tures iji rabbiti there tb neerosib of the cortex for a short distance back 
from the fracture hue, with subsequent creeping replacement of the dead 
bone by new bone Lexer • pertorined liomotransplantations of 
joints, with the result that after successful union and transformation 
of the bone the articulation gradually broke down, wnth marked impair- 
ment of function 


.Aseptic necrosis developing in bone that has not been transplanted 
w’as recognized first in lesions ot the epiphyses and short bones both in 
children and in adults Lesions situated m the shaft have only recently 
been recognized The cpiphjsial disturbances designated as Legg- 
Perthes disease, Kohler’s disease of the metatarsal bone, Osgood- 
Schlatter disease and Kicnbock’s lunatum and Kohler’s tarsal navicular 
diseases were gradually identified by pathologic examinations as necros- 
ing lesions It was learned simultaneously that certain fractures 
bordering on joints and dislocations may cut off blood supply and cause 
necrosis of the end of the bone Axhausen observed a case in which 
rather recent anemic infarcts of the bones of an adult were present, some 
of which were in the epiphyses and others in the metaphyses, which he 
considered due to embolism Kahlstroin, Burton and I ® were the first 
to report cases of very extensive aseptic necrosis of both shafts and 
epiphyses of bones terminating in permanent large calcified intarcts m 
the shafts and in arthritis deformans W''herever the necrosis bordered on 
a joint 

Pathologic and roentgen studies have revealed certain reactions of the 
surrounding living bone and joint structures to necrotic bone and 
necrotic cartilage resulting from aseptic interruption of the circulation 
A reparative reaction is set up in the living bone about the dead area 
which bears some resemblance to fibrous callus formation in fracture 
healing But removal of dead bone as wed as formation of new bone 
must be accompbshed m the process of repair A zone of fibrous tissue 
forms in the marrow spaces of spongy bone or along the surface o 
compact bone about the necrotic focus This fibrous tissue gradually 
invades the marrow spaces of the dead cancellous bone, breaking down 
and replacing the dead marrow As the fibrous zone advances into e 
dead bone on the one side it becomes transformed into an advancing 
osteogenetic zone on the other In this zone the fibrous tissue (i e > 


pt 2 


Lexer, E Die freien Transplantationen, Stuttgart, Ferdinand Enke, 1924, 

8 Kahlstrom, S C , Burton, C C , and Phemister, D B AsepUc j 

of Bone I Infarction of Bones in Caisson Disease Resulting in Encapsu 
Calcified Areas in Diaphyses and in ArthriUs Deformans Surg ^^1110- m 

fiS 129 1939, II Infarction of Bones of Undetermined Etiology = 

and Calefied Areas .n Draphyses and ,n Arthnf.s Detornrans, .hd 

68 631 , 1939 



PHEMISTER^CHANGES IN BONES AND JOINTS 


439 


fibrous marrow) is transformed into bone, which is laid down on 
and gradually replaces the old dead bone, and into hemopoietic and 
fatty marrow The dead bone is removed in part by osteoclasts and m 
part by the direct action of the new bone as it is being laid down, a 
process which has been called “creeping substitution '' Necrotic cortex 
IS invaded and replaced as in a transplant These two processes of 
fibrous invasion and of metaplasia and replacement of the dead bone 
by new bone usually go hand in hand in a relatively narrow band 
(fig 22) But in some cases the fibrous invasion may be far in advance 
of the zone of transformation, leaving a thick zone of dead bone filled 
with fibrous marrow There is considerable variation m the rate of 
progress of the transformation and in the extent to which the dead bone 
IS removed and replaced by new bone These factors are influenced by 
age, size and location of the necrotic area, function, trauma and non- 
union of fractures which may be present Aseptic necrotic bone in 
children as in Legg-Perthes disease is nearly always completely replaced 
by new bone, and substitution proceeds more rapidly than in adults 
Small necrotic areas continuous with living bone are usually completely 
replaced by new bone in the course of a few weeks or months But the 
presence of an unumted fracture may greatly delay invasion and trans- 
formation, as in case 3 

Until recently it was the generally accepted view that the reparative 
impulse would last as long as dead bone persisted and that the necrotic 
area, regardless of size, was eventually all invaded and replaced by new 
bone But the reports by Kahlstrom, Burton and me ® and by me alone ^ 
have shown that in the case of adults large necrotic areas, especially in 
the shafts of bones but also in the head and condyles of the femur, may 
be incompletely removed A possible factor in explanation of this may 
be that after a considerable part of the peripheral portion has been 
replaced the strength of the bone becomes sufficient for the function which 
It IS called on to perform The reparative stimulus is then greatly 
reduced or removed , the necrotic area remains stationary in size, and 
the fibrous zone of transformation about it may undergo more or less 
extensive calcification and ossification There may also be calcification 
scattered throughout the necrotic portion inside the fibrous zone These 
features are illustrated in femoral heads by figure 22 and in the shafts 
m the report by Kahlstrom, Burton and me 

Function hastens to some extent the rate and increases the extent 
of repair It should, however, be limited well within the strength of 
the necrotic bone and of the newly forming bone during the major part 
of the period of creeping substitution If m case of necrosis of the 

9 Phemister D B Aseptischc Knochennekrose bci Frakturcn, Tmnsplanta- 
tionen und Gefassverschlussen, Ztschr f orthop Chir 55 161 1931 
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..c» In. alo,t L 1 f ‘l'= 'v-^ 

llic articular i»rtion cm ’ "'0‘'c or less collapse of 

ot fra-menls an, I Z' ‘ from faction 

carl, latino, T ’ of fibrous or fibro- 

the h'vmir portio!!!" °j °f l>i'-udarth,os,s betivccn the necroUc and 

bone ni °al create, I I ! Z ^ (%^ 13 to 16) The 

Ime of 1, The establishment of a 

dead Lr a' T" ‘■’''T"' replacement of the 

thTre IS cc J“"‘ (“se 6) When 

less seconil °"'l “ 1°““ f'ere is aluays more or 

less secondary change in the articulation 

TlJUnZ'' articular cartilage is damaged 

and n M T ^ <^^^tilage IS derived partly from the synovial fluid 
d partly from tissue fluid coming from the circulation of the under- 
g one uring the period of growth the cartilage may get adequate 
nutrition from the synovial fluid alone and continue to grow, as is 
s own y tie experiments of Nussbaum^*^ m which the blood supply 
o le one of the epiphysis was severed Also, pathologic studies of 
le necrosing lesions of the epiphyses during the period of growth have 
s own tiat, while the cartilage may show evidences of nutntional dis- 
tur ance in places, it in large part remains alive, becomes thicker than 
normal as in Legg-Perthes disease and after the necrotic bone is replaced 
takes part in further epiphysial growth 

However, in adults the articular cartilage is less dependent on synovial 
fluid for nutrition This is perhaps related to the more fibrous and 
less penetrable character of the layer along its free surface Conse- 
quently , interruption of the circulation in the bone of the epiphysis causes 
interference with the nutrition of the cartilage This vanes considerably 
in degree with the case Usually it is quite obvious, and the cartilage 
cells, especially '"deep m/^ gradually dimmish in staining power A 
striking fact is that if for a variable period (up to several months) there 
IS invasion and creeping replacement of the underlying cortex by new 
bone, the new blood supply underneath the cartilage furnishes it with 
nutrition, and its cells largely regain their normal staining properties 
Figuratively speaking, the cartilage is rescued from a state of hibernation 
during which it received only scant nutrition from the synovial fluid 
This IS illustrated by case 8 (figs 24 and 25) One patient examined 
ten weeks and another examined twenty-two weeks after fracture of the 

10 Nussbaum Die artenellen Gefasse der Epiphvsen des Oberschenkels und 
ihre Beziehungen zu normalen und pathologischen Vorgangen, Beitr z khn Chir 
130 495, 1923 
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“storaL'I;' j'T' '•'■’'"‘i “"’Plete 

restoration of staining properties of the cartilage in the regions where 

dead area^st^'”? !'°ki restored, ^vhlIe that over the remaining 

hnnp h ^ replacement of the underlying 

the carJilf" ? months 

mav h cartilage may remain for long periods, 

may be eroded in weight-bearing portions or may be replaced by 

rested ^ underlying living bone is eventually 

In cases of long-standing involvement a chronic deforming arthritis 
IS usually established, consisting of fibrillation and faulting of the fibro- 
^rtilage, marginal lipping, villous arthritis, osteocartilaginous loose 
o les and, in cases of advanced involvement, disintegration and 
e ormity of the articulation The most important known factor in 
e production of the arthritis deformans is the necrotic articular 
cartilage, although eroded pieces of bone have been found at the center 

0 t e cartilaginous loose bodies in some cases Axhausen found that 
en cartilage of the knee joint of the dog was killed in situ by chemicals, 

heat or a high frequency electric current, the changes of arthritis' 
etormans developed, involving the articular cartilage, the ends of the 
one and the synovial lining These changes are illustrated in case 10 
in the cases reported bv Kahlstrom, Burton and me 
Roentgen studies have come to play an increasingly greater role in 
tie recognition of the effects of circulatory blockage of the skeleton as 

1 ey have been correlated with the pathologic observations in the bones 
Md joints Changes in density of the bone result from atrophy ot 

isuse, from creepmg replacement of dead bone by new bone, from 
^t ologic fractures and collapse of the dead bone bordering on joints, 
rom compression of dead trabeculae, from infiltration ot bone sand into 
t e dead marrow spaces and from calcification of the line of demarcation 
and the interior of old stationary necrotic areas located in the medullary 
and cancellous regions In the case of joints they occur from calcification 
o cartilaginous loose bodies, marginal lipping, loss of articular cartilage 
subchondral sclerosis in the later stages of arthritis defonnans 
ince time is required for the development of all of these changes, there 
^re no demonstrable roentgen changes in the earl} stages of aseptic 
necrosis In case the cause of necrosis is a fracture followed b} nonunion 
resulting m marked disuse, there is enough atroph} of the adjacent living 
ne m one to two months to cause it to cast in roentgenograms a shadow 
ainter than that cast by the dead bone, which retains its original densit} 

I rous tissue invasion of the dead bone causes no change in dciisiU, 
nt creeping substitution by new bone alters densit\ If it takes place 


11 Axhausen, G Neue Untersuchungen uber die Rollc dtr Rnorpelnekrosc 
m der Pathogenese der Arthntis, Arch f klin Chir 104 20 1914 
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in the lircsence oi a considerable degree of disuse, as m a necrotic 
tenioral head in a case of ununited fracture of the neck of the femur 
(case 8, fig 24), the new bone is less dense than the old and casts a 
fainter sliadow In some of these cases central portions of the head 
may be replaced b} tatty bone marrow, which gues the roentgen appear- 
ance of a ca\it} It, however, there is little or no disuse, the new bone 
IS laid down in greater amounts, and the dcnsit) approximates the 
normal But the shadow ^ ot the trabeculae are usually irr^pilar, which 
ma} suggest the previous existence of a necrotic area Flattenmg ot the 
articular surface and fracture lines within or at the limits of the dense 
bone are important signs Compression of trabeculae, especially in 
necrosing lesions in children, may gne rise to some degree ot mcreased 
density Axhausen and Bergmanii ‘ ha^ e reported that the broken-down 
bone of a collapsed region may be so finely pow’dered that it works its 
way under pressure into the cancellous spaces of the remaining dead 
bone, causing it to cast shadow's ot increased density in roentgenograms 
W'eil, on the other hand, concluded that the amorphous material filling 
these cancellous spaces is disintegrated blood ■* Examination of matenals 
available for this report show ed onl} relatively small amounts of eroded 
bone dust driven into the marrow spaces of the dead bone, probably not 
enough to increase materially its density in roentgenograms Material 
resembling that showm m Axhausen’s photomicrographs was seen, but 
It appeared to be mainly the debris of necrotic marrow' and blood, as m 
figures 15 A and 16 A, w'lth relatively slight infiltration of the dead bone 
by bone dust The calcified and ossified line of demarcation winch may 
develop about a stationary necrotic area in the cancellous bone or the 
meduUar} cavity of the shaft casts a definite shadow of increased density 
m roentgenograms (case 7) There may also be sufficient calcification 
within to cause tlie entire necrotic area to cast a more or less blotch} 
shadow of increased density, as in previously reported cases (case ) 
and m others to appear m part II 

Causes — The causes of interrupbon of arculation are m general le^s 
well understood m the case of bone than in the case of soft parts The 
best known cause is injury of the blood vessels produced by fractures, 
dislocations and operations For this reason the lesions resultmg com 
injury will be considered first, and those due to other and httle un er 
stood causes will be left for consideration m part 11 


CHANGES RESULTING FROM INJURIES 

Traumatic interruption of the arculation of bone is most 
caused by fracture In fact, there is a variable amount usua y s^^ ^ . 
of necrosis of fragment ends in almost every 

remams unrecogmzed and undergoes the repair 

heaUno- of the fracture Expensive necrosis, which may impe 
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y arkcd wavy reduction in density of the entire lower fragment which 
restored to nor^ilr"' “ roentgenogram showed the appearance 

soleZ m ‘’T“ “ ““P'"' bat in 

the r! ^ attached soft parts keep 

elements of°tI periosteal and endosteal osteogenic 

nnf 1 splinter take part in callus formation if the splinter is 

he dead bone bv blood vessels and osteogenic tissue, and creeping 

anal 1^°"^ 1^^ new bone is gradually accomplished, 

alogous to the changes in a transplant If the splinter is widely dis- 
P ace into soft parts it will slowly undergo absorption ° Usually the 
presence of necrotic bone m the splinters retards somewhat but does not 
g ea y alter the course of healing if there are good ahnement and fixation 
tne tracture Lexer ^ and Axhausen and Bergmann ^ even claimed that 
necrotic bone at the site of fracture augments the stimulus for bony union 
iis IS in contradiction to the general observation that the less the 
ainount of necrotic tissue present the better any wound heals The 
e avior of a large detached fragment as revealed by roentgenograms and 

biopsy IS presented in the following case of fracture of the tibia with 
nonunion 

REPORT OF CASES 

Case 1 a man aged 55 fell 25 feet (76 meters), injuring the right leg A 
thCn genogram taken immediately (fig 1 A) revealed fractures of both bones of 
e\t shattered, with a large displaced splinter and a line 

en ing mto the angle joint At operation Stemmann pms were inserted through 
e os calcis and the upper end of the tibia and attached to a sterilized Roger 
H reduction apparatus The fracture was then cut down on, the fragments 
3n splinter brought into good ahnement, the wound closed and the extremity 
fo^^^ plaster Primary wound healing followed The pins were rcmo\ed in 
our weeks and the cast in fifteen weeks, at the end of which time there was 
motion at the site of fracture of the tibia Roentgenograms (figs IB and IC) 
en s owed bony union of the fibula and nonunion of the tibia The upper and 
ower tibial fragments were reduced in density, while the splinter (.r) held its 
original density These findings led to a diagnosis of injury of the blood suppl> 
aseptic necrosis of the splinter It was probably a causatuc factor in 


the 


nonunion An onlay bone grafting operation was performed one hundred 


12 Ransohoff, N S 
Surg 89 571, 1929 


Osteoporosis of the Humerus Following Fracture Ann 
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ami (lus aiur {Ul injur>, at which time the exposed splinter was found 

to be pale uul not to bleed irom the Ntnpped cortical surtace, while the upper 
and lower ir«igments were pink and there wa^ slight bleeding when their sur- 
faces were dennded Biops} ol m iteri d irorn the splinter was done* Onlay 
cortical grafts taken irom the shait abo\e were applied from the upper to 
the lower liagmeiUs po^tenorI> and niesiall} and irom the upper fragment to 
the splinter I iteralK Caneellovis lione grails were applied along the fracture 
lines antenorlv Mieroseopie sections ol the excised piece of splinter showed nearly 



LL' ' : : ■ ■ ■ 

F.g 1 (case 1) -The fragment ( r) detached by the fracture '>'«”Y.“d°“ 
A, fresh fracture before open reduction B and ‘ ,s denser thjn 

days later The fracture is ununited, and the necrot g 

the atrophied living fragments 

all of the lacunae devoid of cells, and orcIL^nid ^Treepmg replace- 

There was a small amount of revascularization followed, 

ment of old cortex by new bone along the ^ about the same 

but roentgenograms showed density of the P ,n,ur> 

The patient began walking eight months ,o,ver portion oi the 

\ ^ and 5) there was reduction o d-s^ mjhe 

splinter, indicating creeping replacement of the 
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after about one and one-half years Two and one-half years after the injury 
roentgenograms (fig 3, C and D) showed more or less uniformity of density and 
wavy lamellar shadows throughout the fragments, the grafts and the splinter 
indicative of complete replacement of the necrotic bone While no roentgenograms 
were taken after the tenth month until after the lapse of tuo and one-half years 
It IS safe to assume from the rate of progress to the tenth month that at least 
WO years were required for renovation of the necrotic splinter Other cases in 



Fig 2 (case 1) — Biopsy specimen of the fragment ( r) one hundred and twelve 
days after injury, showing necrotic bone (fl) and beginning creeping replacement 
hy new bone (6) 

which tliere were large splinters but in which no biopsy was performed have been 
followed with roentgenograms in which similar changes in densitv indicated necrosis 
of the splinter followed by creepmg replacement by new bone 

There is sometimes a good deal of aseptic necrosis to be observed 
on microscopic examination of the ends of fragments resected at operation 
for ununited fracture, especially if they are of relatively short duration 
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scarcely be d.'inoTedrroen^ ’'''■>' The co„d,t,on can 

cause excessive necrosis but if so it niay 

ture Cases of regional n^fp ' ^ ^ of the frac- 

reported by Ransohoff may rST^ following fracture of the type 

may result from nutrient artery mjuiy Dum. 



IS unitpfi anri ^ condition ten months after injury The fracture 

dense new bone in th^In fragment (x) has been partly replaced by le s 

after frartitr^ *u ^^ver portion C and D, condition two and one-half >ear> 

f e necrotic fragment has been replaced by wavy new bone 


operation or nonunion or malposition there is often extensive stnppi^^a 
o periosteum from the ends of the fragment This appears to make little 
difference about healing if the operation is otherwise properly pertornicd, 
and it is difficult to know whether or not the fragment ends Iki^c been 
devitalized That devitalization may occur is demonstrated by the tol^ 
lowing case, in which it was found in a bulbous fragment at the fourth 
operation for nonunion 
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‘he lower end of the 

operation to obtain union, without success the Tas? onTr^’^' 

preuouslj There had been nrimarv „ f fi! “"^'half months 

fragment ends were bared during a bone ’^^hen the 

louer fragment looked pmk and ^. able, but the^dllusTri^o^^^^^ ‘'T 

"Inch was enlarged and sclemcerl f u '^' ^ocm of the upper fragment. 
Necrosis ^^as diagnosed ai^ tl e e H bloodless 

Iwne On longitudinal section the ml ‘‘^^eoted through healthy-appearmg 

'^'"1 (fis 4) M.crLnn '■ pale to the same 

entire area There was a"^ gMd'°de\r^7^'^^ necrosis of bone throughout the 
dilatation of the cannular systems 7 '"vasion, and some 

but there was little e l of ‘he upper necrotic portion was present 

bad resultrsecrilSard a"nd f ^“hstitution by new bone The necrosis 



frai!!ie t —Grayish white aseptic necrotic end (below x) of the upper 

n o an ununited fracture, resected at operation 


ecrosis of the body of the astragalus following fracture of the 
nec in 1 case (Dr Dean Lewis) and fracture of the neck with posterior 
IS ocation of the body m another case were previously reported on by 
me The diagnosis was based on roentgen evidences of persistence of the 
on^mal density of the body in the presence of reduced density from 
atrophy of disuse in the surrounding living bone and of later progressive 
e uction of density due to creeping substitution In 1 case there were 
a so irregularity and flattening of the ankle joint surface of the 
astragalus 

additional case is reported, in which the head vas a*so necrotic 
( r G T Aitken) and in which pathologic studies were made of the 
seised astragalus 
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Case 3 — A. man aged 65 sustained a closed injury to the left ankle m which 
the neck of the astragalus was fractured and the body posteriorly dislocated 
(fig S A) Reduction was accomplished by open operation There were pnman 
wound healing and prolonged immobilization in a cast, but the ankle remained 
weak and painful Roentgenograms taken one year and nineteen days after injur} 
(fig 5, 5 and C) revealed the body of the astragalus in the normal position 



Fig 6 (case 3) —A, photograph of cut and fractured ' 'nts 

gram of slices, and C, microscopic secUons of the ^ substitution are 

fifteen months after injury Fibrous invasion and head and neck, m the 

indicated by r in the lo^ver half and upper niargm of ‘ pnrt 

anterior margin along the fracture surface and in the po 

the body 

but the head laterally displaced ^d h^^^d clcmeTthan tho.eJ 

The shadows cast by both the body and most of the p.cau.e oi 1^^ 

the adjacent bones, which showed evidence of atrophy ^ \,,Ken 

ttent debility, the entire -tragalus was -cisadj D ..c 

months after mjurj' Examination of the specimen 


ni€M,STE,<^CH ,.,aES ,V «0.VC5 ,OWTS 

trr'jr m tT :Lr!':i •? »« 

^^nioval ' inconipleteb fractured dunng the operative 

scopi'c^^mioil o7shccf r\c°fed‘'!a>“jr]rr"°’^T"’ 

lower lialf of the surface of tl. T ^ “'“Sments The 

produced dunuu eta mn T ' """"S “■ “ 

best Both traltueu, apparet^lt'taTr' '''' 

possible that soL of theT, e part of ,7'^^ “ '= 

narL smpT alo ‘ r» , '“'P* f- 

anterior fraaure Lrtif T'°" t"’’"'?'' °* 'be 

partial creepinaLtaZt; i t '"a '"™“>p and 

snperior marr tf .T 1 ^ The lower half and the 

partly replaceftif t ^ “'aded and 

joint sur^aZf tl f'®“7 ^ cl is a section a. the middle of the ankle 

poor sttlnm! tf tb 'boning necrotic bone and marrow and 

rn figure 7 B slj !^ The section 
the TOcel of “"'■““P"’” P-rPon of the body (a), illustrates 

the ztne t c “ crosses the dead bone, the fibrous zone and 

“C zone of creeping substitution 

of theTodToTH^^^f.^^^ invasion and creeping substituPon 

where adlfe ''a' 'be limited number of periosteal surfaces 

osteonen “““ opportunity for blood vessel and 

1 C issue ingrowth This could not occur over the extensive 
^rtilage^covered surfaces In contrast the head, with its greater 
s ea surface, was proportionately more invaded and transformed 
arte ^ astragalus is a branch of the dorsalis pedis 

lun branches to the bone along the lateral and inferior 

fract f prone to injury in cases of 

rotat^^^ ^ addition there is complete baclavard or 

ho d dislocation of the bod} of the astragalus, the hkeli- 

niore ^ necrosis is greatly increased This lesion should receive 

rpc u It IS a cause of nonunion and of poor functional 

With fractures of the astragalus 

^^cture of the carpal navicular bone results in severance of the 
perc necrosis of the proximal fragment in a relatively large 

cases Rarely there is also de\italization of appreciable 
place ‘distal fragment Bony union of the fracture ma} take 

fre^^ presence of aseptic necrosis, but it greath increases the 

dea^T*^^ nonunion In the event of bony union, the bone of the 
ragment may be gradually absorbed and replaced b} new bone 
an cases central replacement is incomplete, gning the roentgen 

pcarance of cavitation In other cases the necrotic fragment may 
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partly collapse If nonun.on results m the presence of necrosis te 
L Lually much functional disability and atrophy of disuse of the 
living boni, causing the more dense, nonatrophic necrotic fragmen 
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proximal fragment, which precludes m\^sion there These pathologic 
and roentgen aspects are presented in the following reports 

Case 4— A man aged 29 sustained a fracture of the right carpal navicular 
bone, as shown b> a roentgenogram taken the same day (fig 8 A) The treat- 
ment was by immobilization m a cast In a roentgenogram taken ninety-three 
days later (fig SB) there was evidence of nonunion of the fracture and of reduced 
osseous density from atrophy, except in the proximal fragment (jr), which retained 
Its original densitj The fragment was excised There was fibrous union of the 
fracture, and the articular cartilage was grossly little changed except for damage 
produced in removal 

In a microscopic section (fig 9 A) the bone and marrow were seen to be 
necrotic and free from invasion except at one edge (r), where there were a small 



8 (case 4) — A, recent fracture of navicular bone B^ condition ninety- 
three days after injury There was nonunion of the fracture, the necrotic proximal 
fragment (;r) possesses greater density than the surrounding living bones, which 
show atrophy from disuse, 

amount of fibrous ingrowth and partial replacement of dead bone by new bone 
(fig 9 B) Cartilage staimng was somewhat reduced 

If the necrotic fragment is not removed it may undergo slow creeping 
substitution, or the interior may be absorbed but not replaced by bone 
giving a honeycombed appearance in the roentgenograms Adhesions, 
partial necrosis of cartilage, irregularity of articular surface and chronic 
arthntis are frequent late results, as is shown by the reports ot Speed 
and others 

~~13 Speed, K Fractures of the Carpus J Bone & Joint Surg 17 965 1935 
A Te\t-Book of Fractures and Dislocations ed 3 Philadelphia Lea &. Ftbigcr 




452 


ARCHIVES OF SURGERY 

Intra-articular tracture of a normal bone with complete separation 
of a fragment consisting ot bone and articular cartilage is most frequently 
seen in cases of fracture of the head of the radius and of the lower 
articular surface of the humerus, but it may occur in other regions, such 
as the head of the femur, where a chip is detached If the detached frag- 
ment IS entirely displaced from its bed, it rarely remains a free body but 
becomes attached to the lining of the joint In this useless position it 



Fig 9 (case 4) — Excised necrotic fragment ot na\icular bone A, microscopic 
section , cartilage staining is slightlj diminished The bone and marrow are necrotic 
except at r, where beginning imasion and replacement may be noted B, nS ' 
power photomicrograph taken at r, showing connectne tissue and blood lesscl lO'it 
sion and beginning replacement b\ new bone and marrow 

has no supporting tunction to perlonn , consequenth , although it become 
revascularized and gradual!} replaced, the replacing tissue contains niti<- 
less bone than when the fragment becomes united in a usetui 
Eventually it may be largeh absorbed At the articular end ot 
humerus the capitellum, m some cases w ith a portion ot the tree 
detached, rotated and displaced anterior!} and upward, uiiert it 
attached and imperfect!} replaced b} new bone, as in the lollouma c 
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rfii^Tn^ >njured SIX months pretiously Roentgenograms 

( S 0) retealcd the anteriorly displaced and rotated condyles with both their 
cor ical and their cancellous bone casting shadows greatlj reduced in density At 
operation the cartilaginous surface of the fragment was loosely adherent to the 



Fig 10 (case 5) — Six month old intra-articular fracture of the capitellum 
and part of the trochlea of the humerus with forward and upward displacement 
and bony attachment withm joint Note (x) the capitellum and (y) the trochlea 



Fig 11 (case 5) ^SecUon of excised capitellum The hcaMl> trabcculatcd 
Poruon IS old dead bone the rest is delicate new replacement bone and marrou 
The cartilage is intact, but staining is impaired m paru 
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new bone The cartilage here and elsewhere, with regenerated blood vessels 
this staining of the majority of nuclei Had 

resuler' T' displacement 

Md r!.t •’“"y “"‘°n te" months later, with the condyles functioning 

and casting shadows of normal density In the presence of activity thi had 
pparently been replaced by a normal amount of bone 

I^nterruptioii of the blood supply with subsequent necrosis of the head 

the femur produced by fractures of the intracapsular portion of the 
eck has already been so fully reported on that it will not be reviewed 
m detail It constitutes by far the most important lesion produced by 
mterruption of tlie circulation m bone, because of its great frequency 
and because of its adverse eftects, which are still all too little realized 
y e members of the medical profession The blood supply of the 
ea of the femur is derived from arteries which reach it principally by 
way o the capsule of the neck, especially posteriorly and by way of the 
round ligament There appears to be a good deal of variation m the 
00 supply coming from each set of vessels and also in the extent of 
collateral circulation between the two The indications are that in adults 
end arteries are more common in the head of the femur than in any 

ot er part of the skeleton, and necrosis from causes other than trauma 
IS often located here 

In case of death of the head from injury to the vessels, the fracture 
iriay either unite or remain ununited Union of the fracture is much 
more apt to occur if it is impacted or if there are accurate reduction and 
operative fixation It occurs by formation of a fibrous callus in the 
^ncellous spaces of the distal end of the neck, which grows across the 
racture line and into the cancellous spaces of the proximal fragment 
o periosteal or peripheral callus forms, and the fibrous callus is trans- 
ormed directly mto bone without the appearance of cartilage m the 
process, as was recently pointed out by Felsenreich V’ascuhnzed 
connective tissue then begins to invade the head and to break down and 
replace the dead marrow The invasion may take place from the callus 
which bridges the fracture line, from portions of capsule which inav 
remain untom and from the round ligament Metaplasia of the in\ading 

U (a) Santos, J V Changes in the Head of the Femur After Compictt 
ntracapsular Fracture of the Neck Their Bearing on Non Union and Treat 
N^t* 21 470 (Sept) 1930 (b) Phemister D B Fractures of 

e of Femur, Dislocations of Hip and Obscure Vascular Disturbances Pro 
T^^*^P l^ccrosis of Head of Femur Surg , Gynec tS. ObsL 59 415 1934 

e athology of Ununited Fractures of tlie Neck of the Femur uith Special 
Reference to the Head J Bone & Joint Surg 21 6S1 1939 
^15 Felsenreich Histologische Untersucliungen an operiertcii SchcnkclIiaU 
bruchen, Arch f klin Chir 192 490, 193S 



456 


iRCIlIl LS Of SURGERY 


connccUxc tissue or fibious callus into new bone and bone marrow is 
soon established and pi ogresses into the head simultaneously with and 
a short distance back of the fibrous invasion This creeping replacement 
occurs gradually, and the neck is transformed soon after the healing of 
the fracture But the head is usually still mainly untransformed at the 
completion of bony union of the fracture, and the process may continue 
for months or } ears betore it is either completed or comes to a standstill 
The new bone which replaces the dead bone after union is complete 
and some function has returned to the limb is soon about as dense as 
the old bone, for which reason it is difficult to recognize creeping sub- 
stitution following fracture with bony union in roentgenograms In how 
many cases the condition may go on to unrecognized complete 
reorganization is not known 

When the condition is recognized it is usually because of collapse of 
the superior untransformed portion of the head from premature weight 
bearing or because of late chronic arthritis Collapse of the head may 
begin at any time from a few months to two or three years after heahng 
of the fracture The broken-down portion may be invaded and replaced 
by new bone in the course of time But if an ununited fracture Ime is 
established between the broken-doAvn and the transformed portions, the 
replacement may be greatly retarded, as m the following case, in which 
the rare opportunity was presented of confirming the roentgen diagnosis 
by pathologic examination 


Case 6 (Dr Carl Badgley) —A woman had an impacted fracture of the neck of 
the femur (fig 13 A), which was treated by rest Bony union resulted After wa 
ing was resumed, pain, stiffness and weakness set in and gradually progressed unti , 
four years and two months later, she was badly crippled A roentgenogram ^ 
then (fig 13 B) showed a dense, wedge-shaped area (r) extensively ^ 

from the surrounding bone The rest of the head cast mottled shadows an 
a hazy articular cortex as compared with the early picture (A), which in ica 
transformation The upper portion of the head was excised 

A microscopic section through most of the excised portion (fig 1^) 
the broken-off wedge, which was separated from the surrounding one 
irregular band of fibrous tissue at the left and at the base and a 
line at the right Its left edge was separated from the rest by a pseu 
cleft and consisted of substituted new bone covered by a thin layer o ro 
The mam part of the wedge was capped by old articular ? Under- 

thickness, with the cells staining poorly and the matrix partly ca amount 

lying it, from (d to e), were old dead bone and dead marrow, wi a 
of bone dust which had been ground into its cancellous spaces deepest 

e was old dead bone which had been invaded by fibrous marrmv, an ^ 

portion there had been some replacement by new bone m the 

power photomicrograph taken at d, showing the dea one 
portion (a) and fibrous marrow throughout the dead bone ( ) 
mr^nto and replacing the dead marrow at a Replacement oj ^ ^ l6r 
Tw bone had not yet started at 6 but teas present farther to the 



Fig 13 (case 6) — A, recent impacted fracture of the neck of the femur B, 
condition four years and two months later The neck fracture is united The 
head, which became necrotic, is flattened The wedge-shaped remaining dead 
portion (x), with the original density and articular cortex preserved, is separated 
from the substituted portion, which is mottled and has a hazy shadow of new 
articular cortex 



Tig 14 (case 6) —Microscopic section of necrotic wedge (base a-l> and ape\ c) 
c\tensi\ely separated from the transformed portion b\ fibrous tissue like that of an 
ununited fracture line. 
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(through the pseudoarthrotic junction) shows necrotic bone and marrow infiltrated 
with some bone dust (a) and living bone (b) outside the necrotic area The 
articular cartilage be>ond the limits of the wedge consisted of a narrowed layer 
of fibrocartilage, and its underl>ing cortex was thin and uneven, showing that 
both had been transformed 

The following case is remarkable in its bearing on se\eral aspects of 
devitalization of the head in fractures of the neck ot the femur 

Case 7 A 96 >ear old woman sustained an impacted intracapsular fracture 
of the left hip (fig 17 A) Treatment was by rest in bed, and the fracture united 
She remained in bed for more than a year but after one and one-half years began 
to walk Function graduall> returned to normal, and she continued to be 
active until four ^ears after the injury, when she again fell, fractunng the base 
of the neck of the right femur Figure 17 5 shows the roentgen appearance of 



Fig 17 (case 7) — A, fresh impacted fracture of the neck of the femur in a 96 
>ear old woman 5, condition three and three-fourth >ears later The fracture 
IS united The mottled trabeculae in the head suggest transformation 

the left hip three and three-fourths jears after the fracture The patient was bed- 
ridden after the fracture of the right hip until she died, four >ears later, at the 
age of 104 years, of carcinoma of the left breast 

At necropsy both hips were obtained The right hip prebentcd a normal picture 
aside from moderate coxa vara due to the healed fracture at the base of the 
neck (fig 19^) Microscopically the head wab alue but atrophic, and the 
cartilage and synovia were intact except for senile changes The left hip (fig 18) 
showed bon> union of the fracture There was lipping at the margins ot the 
articular cartilage of the head, most marked postenorl> (4) The cartilage wab 
thinned and roughened m its w eight-bearing portion but fairl> well prcbcr\td 
mesialb below the fovea and laterall} be>ond the line of contact with tlic acetabulum 
The cartilage of the acetabulum was also somewhat roughened thmiicd at ii> 
superolateral margin and fibrous in parts of its lower extent There were one Obleo 
carulaginous bod> free m the joint and two attached to the round ligament b\ 
narrow pedicles There were two iblandb or obbification in the inienor i>ortion ot 
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the capsule and one in the round ligament There \\ere a few villous tags of the 
SMiovial lining A slice 0 66 cm thick was cut through the center of the femur 
and acetabulum The cut surf.ace of the head rc\ealed m its inferomesial portion 



Fig IS (case 7) — Necrops}" speamens of the left hip eight >ears after iracture 
of the neck followed by bon> union A, posterior mcw, B, coronal section Marginal 
lipping, osteocartilaginous loose bodies and cartilage erosion ma} be noted The 
necrotic area is shown at i 



Fig 19 (case 7) —Roentgenogram of slices ot tlie hips A, jracture 

nght Lp a/the base of the necK . the head sur.ved at . 

of the neck (left hip) The head became necrotic and transtorm 
Note the shadows of osteocartilaginous loose bodies 

a whitish, cncumscnbed. necrotic-appe^ing 3 s a result 0 . 

of the el.ee (fig 19. L) eho»s U.e head ,n - » r,..- 

the old lateral impaction The light area (r) 
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of increased density about it The head cast dense shadows in the direction of 
e ines of stress and m the cortical and subcortical regions There was increased 

hHirbir tS' ’S'* »' “■*w=„h.-bt™r;ror 

hio "’’""ees were in marked contrast with those in the right 

S h A the hip (fig 20) revealed living bone throuS- 

r^th^l cartilage at the top of the h^d 

ve re n c :hc"Tn°d" t^^heLTae 

lesion h ^ filled with fibrous marrow The 

necrotic boneA'2 h "t^^nified m figure 22 A, consisted of a central mass of 
caTriS -mniediately surrounded by a narrow 

^^becule" neAtic Zy 

the surface w hving bone and marrow, and along 

ere very slight indications of creeping substitution This encapsulat- 



Fig 20 (case 7) — Microscopic section of the left hip, showing mottled 
tra eculae and walled-off necrotic area (x) m the head and chronic arthritis and 
a loose body m the joint 


mg zone is shonn in high power m figure 21^ The necrotic area resembled 
the one (fig 22 B) from a case of ununited fracture of the neck with death 
of the head of four and one-half years' standing Here the zone of transformation 
was not calcified, but creeping substitution had almost come to a standstill in it 
The articular cartilage of the head in the weight-bearing region was markedly 
thinned and frayed (fig 21 B) Over the lateral portion of the head and beneath 
the fovea it was of normal thickness but stained poorU Beneath the fovea the 
bone had penetrated into the cartilage from within and partly replaced it The 
loose bodies attached to the hgamentum teres consisted of a mixture of h> aline and 
calcified cartilage and of cancellous bone The free bod\ contained onl\ In aline 
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ment came practically to a standstill, leaving, eight years after fracture, 
a necrotic island the fibrous capsule of which had calcified m its inner 
portion There were necrosis and erosion of some of the articular 
cartilage and secondary formation of arthritis deformans and of osteo- 
cartilaginous loose bodies The case offers proof of the fact that if weight 
beanng is avoided for many months after fracture there may be sufficient 
creeping replacement by new bone to prevent subsequent collapse of the 



Fig 22 (case 7) -^A another section of the walled-off necrotic area sho\Mi in 
figure 20 B, section of the head in the case of a four and one-half year old 
fracture of the neck There is a similar central necrotic area (a) surrounded ^ a 
fibrous zone of transformation (b) and tlien b> substituted new bone c X 


head , it also shows that arthritis deformans may be a sequel of necrosis 
of the head without collapse of the weight-bearing portion 

Necrosis of the head associated with nonunion ot the fracture of the 

neck has been studied at all stages, from a few days to ^ ^ 

the injury The changes may be summarized as follows le entire on> 
head becomes necrotic m the great majority of cases, including the bone 
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and el, a bone n,auo„ Atrophy „on. clause develops the ad.acenl 
ns 0..0 and s,. to e,,d.t veehs the dead head' so ™„ch C 
ia.i the hu„5f bone that it casts a heavier shadow m roentgeno™ 

kZ w ZTT of Iho .narrow spaces 

be n, Mitlnn a few days to weeks by way of the round hgament, adhe- 
sions 01 anj leniaimng untorn portion of the capsule This usiialh 



Fig 23 (case 8) — Six month old unumted intracapsular fracture of 
The density of the head is normal in its upper portion and irregularly r u 
mesially and inferiorly (r) This indicates a necrotic head with partial substitution 
by new bone 


progresses slowly and is followed by a zone of metaplasia in which t ere 
IS absorption of the old dead bone and creeping replacement by ^ 
dense new bone than is laid down when the fracture unites A ea 
the process of replacement was studied in the follow mg case 

Case 8 — A 52 year old man fractured the left hip si\ months before ^ 

A roentgenogram (fig 23) revealed nonunion wuth rotation ot tie 
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irregular reduction in density in its inferior and mesial portions as compared with 
the more uniform superior portion “Disuse atrophy** of the lower fragment was 
seen The head was excised, and a Whitman reconstruction operation was per- 
formed There were whitish calcium deposits in large s> novial villi, in the 
untom portions of the capsule and in the round ligament A roentgenogram and 
a microscopic section were made of a slice cut coronally from the head (fig 24) 
The roentgenogram shous marked reduction in density lateral to the fovea, with 
extensions upward, laterally and irregularly downward In the superior and 
inferolateral regions the shadows of trabeculae were ot even density and appeared 
to be unchanged 

On comparison of the roentgenograms with the microscopic section (b) it is 
seen that there were a large area at the top and a small area at the bottom of 
old dead bone and marrow (c) bordered by a zone of fibrous invasion and creep- 



Fig 24 (case 8) — roentgenogram of a slice of the excised head The round 
ligament is partly calcified There is mottled reduction in density in regions 
where dead bone is replaced by new bone, especially about the fovea F, micro- 
scopic secUon of the head Note (c) the uninvaded dead regions, (d) the zones 
of invasion and replacement and (e) the substituted living region 


mg substitution (d) The rest of the section (t) had undergone iinasion and 
extensive creeping replacement by a more spongy living bone and living marrow, 
although along the middle and inferior portions of tlie eroded fracture sur^ce 
there were old dead trabeculae, which accounted for the greater ensiti c 
cartilage was grossly intact, but microscopically its staimng properties were re uc , 
however, the carUlagc cells stained much better in the regions where tlie under- 
lying bone had been revascularized and substituted than o\tr the ta ^ 

superior portion Figure 25 shows regions c, d and <- in greater magni ca on 

Transformation was taking place rather rapidty in tins head and in 
the plane of the microscopic section only about one thir o t ic o ca 
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the upper portion of the head Between the two and bordering on the eroded 
surface was an irregular zone ot increased densit} The findings indicated that 
there was death without in\asion and replacement of the upper part of die 
head, creeping substitution ot the lower part and possibly eroded bone meal 
infiltration of the marrow^ spaces between, accounting for the increased densitj 
The fracture was operated on bj insertion of two bone grafts and three threaded 
wires for fixation, after the method of Compere Figure 26 B shows the appear- 
ance after two months and figure 26 C the appearance after thirteen and one-halt 
months, the wires having been removed five months previousl> The fracture 
had united, and the upper necrotic portion of the head, which had been extensively 
bored and replaced by the transplants, appeared to have been replaced by living 
bone with preservation of the normal contour The patient used crutches for ten 
months, after which there was weight bearing, with excellent results 

Long-standing ununited fracture of the neck of the femur with 
necrosis of the head is also not infrequently complicated by cartilage 



Fig 26 (case 9) — A, ununited fracture ten months old, with death of the head 
1 and about one half of it substituted for by less dense new bone The upper portion 

IS dense old dead bone The lower portion is spongy new bone By condition thirty 
days after fixation by three threaded wires and two bone grafts C, condition 
thirteen and one-half montlis after operation and five months after removal of the 
wires The fracture is umted and the head largelv transformed 


adhesions, osteocartilaginous loose bodies and mild synovial changes of 
arthritis deformans If there is complete absorption of the necrotic area 
the interior of the head may contain few trabeculae and give the roentj^en 
appearance of a cavity If the replacement comes to a standstill, the 
necrotic area located centrally or in the superior portion may contmuc 
to cast a dense shadow tor vears, as in the case illustrated by figure 


16 Compere, E L The Restoration 
in Old Ununited Intracapsular Fractures 
Surg 22 261, 1940 
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dislocations 

Pool lunctional results folloiving traumacic dislocations of the hip 
ere reported bj the older surgeons and attributed to chronic arfhrte 

fenui'rfnn' tloscribed fracture of the neck of the 

»IIapse of the head that the bad results following dislocation ot the hip 
sere recognised as due to necrosis of the head Mueller reported the 
case n. 19_4. and since then the condition has been recogmaed with 
creasiOj, Ircqueney In the cases in which diagnosis has been made 
e cian^es m\e been similar to those associated with fracture of the 
neck with necrosis of the head, bony union and subsequent breaking 
vn 0 t e head After reduction of the dislocation there is sometimes 
a period of several months to a year of relative freedom from symptoms 
a normal roentgen picture Then weakness, stiffness and pain set 
M gradually progress, and roentgenograms reveal the changes 
n 's has recently reviewed 1 1 cases studied in this department or in 
nsultation and has collected 39 cases reported in the literature Among 
jjatients were 8 children, m all of whom there was transformation 
of the head, with good results In practically all of the 42 cases of 
fracture in adults the joint remained markedly deformed, and the 
functional results were poor The cause of the necrosis has not been 
definitely determined The round ligament was torn m all cases, whether 
or not there was an associated fracture of the acetabulum When it 
constitutes an important source of blood supply to the head, the necrosis 
may result from its tear It is possible, however, that the anterior or 
posterior circumflex arteries to the neck are also injured in the dislo- 
cation The following case illustrates the changes 


Case 12 A man aged 61, seen m consultation with Dr W B CarroH, 
had dislocated the right hip twenty-six years previously The dislocation had 
been reduced, and there had been complete restoration of function, which had 
persisted Recent roentgenograms had shown a normal appearance of the right 
hip Eighteen months previously the patient had suffered a dislocation of the 
left hip with fracture of the posterior acetabular margin (fig 27 A) Eighty^o^^^ 
days after reduction the head of the femur appeared normal in roentgenograms 
Weight bearing was then resumed, but the hip gradually became more painful 
and restricted m motion A roentgenogram taken nine months after the mjuo 
revealed beginning deformity of the head Despite the use of a walking cahpef 

17 Banks, S Aseptic Necrosis of Femoral Head Following Traumatic Dis 
location of the Hip, J Bone & Joint Surg, to be published 
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splint, this increased and figure 27 C shows the result eighteen months after injury 
Necrosis of the head is doubtless the usual explanation of “chronic arthritis” follow- 
ing dislocation of the hip 

About the only other dislocation to result in interruption of the blood 
supply of the bone without associated fracture is that of the carpal 
lunatum When this bone is completel}'' dislocated anteriorly all of its 
dorsal attachments are torn, and, since the blood supply comes mainly 
through them, its circulation is usually interrupted, and the bone becomes 
necrotic The displaced bone is in a more or less useless position, and 
if it remains there for a long time it eventually undergoes creeping 
substitution by bone of greatly reduced density similar to that of the 



Fig 27 (case 10) — A, recent dislocation of the hip, with a chip off the postenor 
acetabular margin B, condition eighty-one days after reduction. C condition 
eighteen months later 


broken-off and displaced condyles of the lower end of the humerus in 

cases (fig 11) 

A not uncommon injury is that of fracture of the navicular bone, 
with perilunar carpal luxation in which the lunatum and the proximal 
fragment of the navicular bone are subluxated anteriorly, while the 
remaining bones of the carpus are subluxated posteriorly The blood 
supply of both the proximal navicular fragment and the lunatum ma} be 
interrupted, with resultant necrosis This is illustrated in the following 
case 

Case 11 — A man 29 jears old injured his wnst thirtj-cight da\s before 
examination Figure 2^ A reveals the roentgen appearance at that time The 
hand had been in a cplmt, and the bones surrounding the anteriorh '^ubluxalt.d 
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luiuUuni and tlic proximal irayniciit ot tiic iia\icular bone were atrophic and cast 
slightly fainter shadows than the latter Ihe dislocation w'as then reduced by open 
operation, and the wrist was ininiobilized for eight weeks A roentgenogram 
taken ninety -six da\s after injury (fig 28 B) showed that the lunatum and the 
adjacent na\iciilar iraginent had retained their original density', while the sur- 
rounding bones were still more markedly atrophic and reduced in density and the 
fracture was unumted Excision of the necrotie bones w'as advised, but the patient 
refused operation 

Late changes similar to those associated wath Kienbock’s disease 
should be anticipated in cases ot reduced dislocation ot the lunatum 

Arthroplast} of the hip joint has not infrequently resulted in good 
restoration of free motion, but after weight bearing is resumed the joint 
slowly breaks down, with erosion ot much of the remaining portion of 
the head and sometimes of part of the neck of the femur The end result 
IS a poorly functioning and frequently painful hip with varying degrees 



Fig 28 (case 11) — Necrosis of the dislocated lunatum and proximal 
of the navicular bone A, thirty-eight days after injury Note the slightly r 
density of the other bones from atrophy B, ninety-six days after injury o 
markedly reduced density of the other bones from atrophy, causing the unatrop 
lunatum and navicular fragment to stand out 


of restriction of motion In some cases, as that reported by me, 
roentgen evidences of necrosis of the remammg portion of the ea 
very striking, and the subsequent reduction in size and invasion 
replacement of the dense necrotic bone by new bone can be o ow ^ 
roentgenograms The reason for necrosis is that conditions sim ^ 
that of dislocation of the hip are created by the operation n 
likelihood that capital necrosis will follow arthroplasty shou ^ 
than) the likelihood that it will follow dislocation, since t e 
advocated by Murphy of excising the capsule of the nec w ic 
blood vessels going to the head, has been extensively o oj 
of excising the capsule of the neck, ever}' eftort shou 
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disturb it and to preser\ e the blood supply of the detached and 
refashioned head In the following case of arthroplasty the indications 
are that the head disappeared rapidly as a result of erosion following 
aseptic necrosis 

Case 12 — A woman aged 34 had bony ank>losis of the right hip following 
infectious arthntis two years previously, which had healed without drainage 
During arthroplasty the capsule of the neck was excised, and the head was capped 
by free fascia lata The wound healed by primary union and figure 29 shows 
the roentgen appearances twenty -two days, nine and one-half months and two and 
one-third jears respectively after operation As the head was eroded, the wealcness 
and disability m the joint increased, and, although motion was free, the patient 
resorted to the use of a crutch two years after operation Too little attention has 
been paid to aseptic necrosis as a cause of bad results following arthoplasty 



Fig 29 (case 12) — Necrosis and erosion of the head of the femur following 
arthroplasty A, twenty-two days after operation , B nine and one-half months 
after operation , the uneroded portion of the head is slightly denser than the 
atrophied trochanter and neck, C two and one-third 3 ears after operation 

SUMMARY AND CONCLUSIONS 

The general pathologic and roentgen aspects of necrotic bone resulting 
from simple interruption of circulation and its repair are reviewed, and 
cases in which the lesion was produced by the trauma of fracture 
dislocation and operation are speciall} considered 

In the presence of fracture of the shaft there is more or less devitaliza 
tion from injur}^ of the circulation along the fragment ends The necrotic 
bone undergoes creeping replacement b} new bone and does not interfere 
with union of the fracture In case of massne splinter formation or of 
extensive operative denudation of fragments tliere nn\ be extensive 
necrosis of bone, which later undergoes creeping repiacenunt sum ar to 
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the changet. m a ttaubplant in some cases it ma\ be a factor m the 
causation of nonunion 

Fractures bordering on joints in certain locations may result in 
extensue to complete severance of connections and necrosis ot the bone 
of the articular fragment This is oftenest seen in fractures of the neck 
of the femur, the carpal navicular bone and the condyles of the humerus 
There is predisposition to nonunion by displacement and by interference 
with callus tormation from the articular traginent 

The articular cartilage undergoes more or less nutritional disturbance, 
which contributes to the later de\eiopment of arthritis deformans and 
osteocartilaginous loose bodies 

If the fracture does not unite, the dead bone is gradually minded by 
blood vessels and fibrous tissue and is partially to completeh absorbed 
and replaced by much less dense new bone 

If the fracture unites and the dead bone is protected from stress 
and strain, e g , from weight bearing m case of fracture of the neck 
of the femur, it may be gradually replaced by' new bone, and a fairh 
satisfactory tunctionmg joint may be obtained It there is too great 
stress and strain, the bone collapses, and the joint becomes defoniied 
In case of failure of complete substitution in the head of the lemur, the 
remaining necrotic bone may' become surrounded by a calafied fibrous 
capsule 

Dislocation ot the hip may i esult in interruption ot the blood supp ' 
and necrosis of the head of the femur There may be subsequent 
from weight bearing or creeping replacement by' new bone, as m 
case of united fractures of the neck of the fanur ^ 

The pathologic picture m a case ot fracture-dislocation o 
astragalus is reported, in which there were necrosis of both fragme 
and nonunion of the fracture 



BUCCAL NEURALGIA 

A FOR:^r OF ATYPICAL FACIAL NEURALGIA 
OF SYMPATHETIC ORIGIN 

FREDERICK LEET REICHERT. MD 

SAN FRANCISCO 

My reason for reporting on “buccal neuralgia” is that I have 
segregated a group ot cases of a condition that falls into the general 
classification of atypical facial neuralgia but in which pain was limited 
to the cheek, upper jaw, malar region and nose Moreover, a simple 
surgical procedure has been found that gave relief in a majority of these 
cases 

So-called atypical facial neuralgia is believed to originate in the sym- 
pathetic nervous system Occasionally it is associated with “trigeminal 
tic douloureux,” but it is not relieved by section of the sensory root 
of the fifth nerve Atypical facial neuralgia is described as a deep- 
seated, dully aching, burning, throbbing, boring pain in the nasal, maxil- 
lary, zygomatic and temporal regions, in the jaw, in or behind the eye, 
in the nostril, in the cheek, m the gum and at times behind the ear 
extending to the occipital region and occasionally down the neck The 
pain IS not lancinating but tends to be constant, lasting for several 
minutes to hours or even days It vanes in intensity, and exacerbations 
of intense sharp pain may occur 

Sluder^s, or sphenopalatine, neuralgia is described as pain in the 
root of the nose and in and about the eye, extending from the upper jaw 
to beneath the zygoma and back of the ear and frequently to the neck 
and shoulder Some patients have been relieved by cocainization or by 
injections into the sphenopalatine ganglion 

Vidian neuralgia is characterized by pain in the nose, face, eye, ear, 
head, neck and shoulder, occurring in severe attacks and relieved, as 
Sphenopalatine neuralgia has been, b\ treating disease in the sphenoid 
sinus 

It will be noted that sphenopalatine and \idian neuralgia are similar 
to and belong in the group of atypical facial neuralgias 

These atypical facial neuralgias are differentiated from the tichkc 
pains referable to the fifth and ninth nerves, which are stabbing lanci- 
nating, knifelike and momentary and which are readih indue > touc i 

^om the Department ot Surgeo Stanford Unnersit> School of ^^edlClnc 
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tn^en^nal 

and remained as the chief tcurar 4 n*oTtlief^^.^''^l‘''^'^ ’ *** '“ 

"curalgia" „„t,| Pra.ier ,ukI Russell ‘ , r]g° 4" 
atfpical facial neiirabia Thee fr,,,, ’ '* '™' of 

"as not true “trigemiLl “ °''f “ ™<ff'o„ that 

factoni) to ail} treatment respond satis- 

contamecl case ouT^^pIcai ^nd neuralgia, which 

Fav ‘ ,n 1007 atypical facial neuralgia 

sure over the “caroUd nTrTT^ the^'' 

neuralgia ^ cases of atypical facial 

•iF* ^ 

atipical facial neurahoa if *0 unsuccessful treatment of 
cervical sympathetic ‘ branches of the superior 

shelving Glaser « analyzed these cases of Frazier's, 

ntent and tte “bsence of aoTT '» 

groups deoendenf- n m i ^ uown cause He divided them into ten 
Feet ^ m 19?Q ” location, extent and progression of the pain 

atypical facnl ! ‘^e pam of some of these 

if due tn o originates in the sympathetic nervous system 

external and^T°^°'^[ imolvmg the sympathetic fibers on the 

external and internal carotid arteries 

to Whiter in 1931 

port s uccessful treatment of individual patients suffering from 

V Mosby cLpany^rplt''^^' Disorders of Nasal Origin, St Louis, C 

Seven HtfmIrpW ^ ci^xr E C Neuralgia of the Face An Analysis of 

Phenomenp R f Fdty-Four Cases with Relation to Pam and Other Sensory 
1924 ^ Operation, Arch Neurol & Psychiat 11 557 (Afay) 

Hams, W Neuritis and Neuralgia, London, Oxford University Press, 

1927 '* ^ Atypical Neuralgia, Arch Neurol & Psvchiat 18 309 (Aug) 

p ^ ^ ^ Atypical Neuralgia Unsuccessful Attempts to Relieve 

a len s y Operations on the Cervical Sympathetic System, Arch Neurol & 

Psychiat 19 650 (April) 1928 

6 Glaser, M A Atypical Neuralgia, So-Called A Critical Analysis of One 
Hundred and Forty-Three Cases, Arch Neurol & Psychiat 20 537 (Sept ) 1978 
Peet, M M The Role of the Sympathetic in the Atypical Neuralgias ot 
the Face, Arch Neurol & Psychiat 22 313 (Aug) 1929 

8 Flothow, P Relief of Pam from a Neurolgic Viewpoint, Northwest Veit 
29 69 (Feb ) 1930 

9 Mixter, W J , and White, J C Pam Pathways in the Sympathetic Ni.riou> 

System Clinical Evidence. Arch Neurol &. Psychiat 25 986 (May) 1931 



REICHERT-BUCCAL NEURALGIA 475 

atypical facial neuralgia bv mterninfinn nf 1 

«r:e.:x 

^Iij^raine with associated phenomena referahip fn t. 

psycho;:; “ 

..eusX;r';i,s^“ 3? 't' 

™<iro„ I t o“, ““ H- obserca^ons Zl 

by faradic s™sthes,a St,mulat,on 

plmtui .„ r;4„ ^b^XTofthf 

hbera ans.ng L, „e Zl::Z2ZTZtt t 

rZZZZT'r -“■? =^““‘ ^ bl 

-nto the te^nn 1 T’ the orbit, 

into the th V area, deep into the e}es and head and 

caused pain to h ^ bifurcation 

when tfJTf referred into the malar region and the face, especially 

Stimulation Tf T" """ 

parietal area The produced pain deep in the 

Fav IpH 1 fU ’^^rious combinations of nerve sections performed by 
henH a °f ^ '^'sPnct impression that the vascular “pain fibers” of the 

bifutcahon '"‘'f the lagus near the 

down n) ! ^ considerable portion of the fibers pass 

aown along the vascular structures of the neck to enter the lower cervical 

anesfhp^'^ ^ portions of the cord By producing limited spinal 

th«ia at the first thoracic segment of the cord Fay found that the 
ypica neuralgic pain to the malar region and tenderness to pressure 
e carotid artery disappeared “The deductions obtained from these 
es s indicate that the pain fibers from the face follow the carotid 
ar eries, th e internal and external jugular veins and other vascular 

Tnff»ri ^ ^ Treatment of Hemicrania (Migraine) b> Remo\TiI of the 

Hosp « IsTaunr^ST ®“'' J°'’ns Hopk.ns 

Hemicrama of Migraine Proc Staff Meet, Majo Clin 10 

(June 5) 1935 

193^^ ^^^^son D C Atypical Facial Neuralgia T A M A 99 813 (Sept 3) 

n» ^ Atypical Facial Neuralgia A Syndrome of Vascular Pun Ann 

^tol , Rhin 8. Laryng 41 1030 (Dec ) 1932 
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stiucturcs and make their entry into the spinal cord in the upper three 
tlioracic roots ” 

Davis and Pollock^* in tiie same year presented evidence opposing 
the view of several observers that pain can be conducted antidromicaliy 
over the anterior roots These observers found that section of the 
posterior spinal roots and the fifth cranial nerve failed to produce com- 
plete analgesia, which then could be effected by sectioning the sympa- 
thetic chain Davis and Pollock stated “On an anatomic basis the 
sympathetic supply to the structures of the face and head must be 
considered as consisting of purely efferent fibers ” Using cats, thev 
found that stimulation of the superior cervical sympathetic ganglion 
produced pain whether the trunk was intact or severed below the 
ganglion Stimulation of the ganglion after section of the antenor or 
posterior spinal roots produced pain Stimulation of the ganglion after 
section of the anterior spinal roots and the posterior root of the tngeminal 
nerve produced pain But stimulation of the ganglion after section of 
the posterior spinal roots and the posterior root of the trigemmal nerve 
caused no pain On an anatomic basis, the fibers from the superior 
cervical ganglion join the trigeminal nerve by^ way of the carotid plexus 
and are distributed through it to the structures of the head and face 
To explain the failure to secure relief from the atypical facial neuralgia 
by cutting the trigeminal nerve root and tlie superior cervical ganglion, 
Davis and Pollock offered evidence previously obtained that sensibility to 
pain on deep pressure is transmitted by the seventh cranial nerve Their 
explanation of their experiments was that stimulation of the superior 
cervical ganglion produces an effect that is carried by way of post 
ganglionic efferent fibers to structures innervated by the sympathetic 
fibers These efferent impulses produce an effect on the skin and ot er 
structures, so that possibly a metabolite is liberated which in turn 
lates the ordinary sensory endings of the trigemmal nerve This impu s 
IS transmitted centrally and recognized as pain 

In their paper of 1936, Davis and Pollock again proposed to 
that it IS only the efferent fibers of the autonomic system itse 
are concerned with the production of pain and that such afferen 
as travel along with it belong to the ordinary spinal sensory sy s 
cases of pain in the face, the only proved contribution of t e 


system to the production of the pain is in 


relation to referred pam- 


which the efferent, not the afferent, fibers are utilized 

14 Da™. L , and Polio*. L J The Role of the 
m the Production of Pain in the Head, Arch Neurol & V 


1932 


15 Davts, L, and Pollock, L J The Ro'e of the An«,c Nenoo. 
the Production of Pam. JAMA 106 350 (Feb I) »» 
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that^thri''° experimental evidence, concluded 

ha the sympa hetic system possesses a sensory function and is concerned 
m the production of certain types of intractable neuralgia sinceT 
sidua sensatmn after division of the somatic mnervatio^n to an 

and dependent on fibers that traverse the ventral spinal roots 

and these fibers are probably of sympathetic origin and paL through 

tL ? T This sensory residufis capabfe 

procIvit°y by chemical stimuli of known sympathetic 

! reported 5 cases of a combination of tic douloureux refer- 
able to the trifacial nerve and atypical facial neuralgia ” All the tic 
^ms were relieved by interruption of appropriate branches of the 

hi ^ ""^heved ot the atypical neuralgia 

cLm^°^° interruption of the cervicothoracic portion of the S3mpathetic 


Brickner and Riley used the term autonomic faciocephalalgia for 
a ypical nngrame and atypical facial neuralgia and reported 3 cases 
^ ^ ypical migraine relieved by epinephrine 

Harris reported again m 1936 on ciliary or migrainous neuralgia 
in w 1 C the pain is especially located in, behind or around the eyeball 
n IS classification of fifteen varieties of unilateral pain in the head and 
tace he divided the atypical facial neuralgias into four groups, which he 
called 1 Migrainous neuralgia, an anterior migraine probably due to 
a vasomotor neurosis of the meningeal vessels, which may be cured by 
block of the gasserian ganglion or nerve block 2 Sympathetic hemi- 
crania, with pain spreading to the back of the head and neck and associ- 
ated with phenomena referable to the sympathetic nervous system This 
may be relieved by intranasal spray of cocaine or by stellate ganglion- 
ectomy 3 Chronic persistent neuralgia of the jaws, the temple and the 
side of the head and neck (Sluder’s, sphenopalafine or vidian neuralgia), 
the algies sympathiques of the French writers, for which there is no treat- 
ment 4 Facial psychalgia, clearly the result of a definite psychogenic 
factor and curable by psychotherapy 

In 1936 I described a form of atypical facial neuralgia about the 
teeth and cheek that was relieved by section of the facial arter}^, the vein 

16 Shaw, R C Sympatlietic System and Pam Phenomena Arch Surr 27 
1072 (Dec ) 1933 

17 Reichert, F L The Neuralgias of the Head and Face, Am J M Sc 187 
o62 (March) 1934 

18 Brickner, R^ M , and Riley H A Autonomic Facio-Cephalalgia, Bull 
Neurol Inst New York 4 422 (Dec ) 1935 

19 Harris, W Ciliary (Migrainous) Neuralgia and Its Treatment Brit M 
1 1 457 (March 7) 1936 
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and the accompaii} ing S} iiipathctic fibers ■° I also employed this pro- 
cedure, together with division of all neues and blood vessels beneath the 
eyebrow, to give relief in cases of supraorbital postherpetic neuralgia 
Glaser and Beerman analyzed 200 cases of atypical facial neuralgia 
In 47 per cent the pain started m the upper jaw, the malar region and the 
nose and spread from these areas to the head and neck 

Lningston-- m 1938 found it difficult in the cases of patients with 
fantom limb pam to apply the theorj^ that the relief of peripheral nerve 
pain obtained by section ot s} mpathetic fiber tracts might be due to some 
alteration ot the blood supply acting on pain receptors of the somatic 
nerves, since m his patients there were no sensory end organs in the 
parts where the pam was felt to originate 

Larsell stimulated the nasal mucosa and observed the blood vessels 
in the ear of the rabbit after first sectioning the maxillary nerve proximal 
to the sphenopalatine branches After section of the cord between the 
sixth and the seventh cervical segment or of the cervical portion of the 
s} mpathetic trunk, vasoconstriction did not take place when the stimulus 
was applied His interpretation of the results confirmed the work of 
Davis and Pollock and others 

Tinel reviewed the sympathetic neuralgias but could offer no relief 
for those involving the face He felt that there is a "sympathetic 
afferent path” that is latent and only capable of being awakened m certain 
pathologic states to transmit severe pam 

Money,"® using the classification of Harris, reported cures by mjec 
tion of alcohol into the gasserian ganglion for migrainous or a mry 
neuralgia and relief in cases of sympathetic hemicrania from ng 
stellate ganghonectom}' ” 

Fay divided pam into (1) the sharp, stabbing, shooting, hg 
like, cramphke momentary pam characteristic of true neuralgias, 
eating intrinsic involvement of the nerve or its roots, (2) the urn 


20 Reichert, F L Treatment of the Neuralgias of the Head and Face, 

Second Cong Pan Pacific S A , 1936, p 183 

21 Glaser, M A , and Beerman, H M Atypical Facial Neura^ 

Analysis of Two Hundred Cases, Arch Int Med 61 172 (Feb ) Which 

22 Livingston, W K Fantom Limb Pam A Report of Fen ses 
It Was Treated by Injection of Procaine Hydrochloride near t e o 

thetic Ganglions, Arch Surg 37 353 (Sept ) 1938 ) 

23 Larsell, O The Sympathetics of the Head, West J Surg 

1938 57 1 (AuS ) ’ 

24 Tinel, J Les algies sympathiques, Arch internet de n 

1 (Sept), 1 (Oct) 1938 Than 

25 Money, R A Neuralgias of Cranial and ^ 1 1939 

Tic Douloureux, Australian & New Zealand J Surg 8 3 ( D,agno>i' 

26 Fay, T Problems of Pam Reference to the Exfremit 
and Treatment, Am J Surg 44 52 (April) 1939 
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scorching, tingling pain associated with causalgias, indicating compres- 
sion, mild traumatic injury or constriction b} adhesions along the nerve 
or its roots, and (3) dull, aching, throbbing, boring, pressure-like pain 
indicative of vascular pain and associated with some distention or stretch 
of the arterial and capillary network of vessels He expressed preference 
for chordotomy of the anterolateral column for pain along the vascular 
pathway in the extremities but did not discuss the treatment of vascular 
pain in the face or head 

Thus, in the past thirty years attention has been kept focused on the 
unusual facial pains The recent attempts to subdivide the large group 
of atypical facial neuralgias have permitted the development of thera- 
peutic procedures that offer relief in a majority of cases During the 
past fifteen years the autonomic nervous system has been implicated in 
these atypical facial neuralgias, and its role in the production of pain has 
led to important clinical and experimental observations 

BUCCAL NEURALGIA 

Buccal neuralgia, a form of atypical facial neuralgia, is characterized 
by a burning, boring, aching, throbbing, toothachy pain m the region ot 
the lip, cheek, gum, tongue, maxilla, nose, upper jaw and sometimes 
lower jaw, spreading at times to the zygoma, into or behind the eyeball 
or to the temporal region It may be present for minutes to hours to 
days, with exacerbations of sharp, stabbing pam Light touch to the 
involved part rarely starts an attack, but chewing, talkmg, local pressure 
or cold frequently induces an exacerbation Hypersensitiveness to pres- 
sure over the carotid, facial and temporal vessels is frequently elicited 
Extraction of teeth and injection of alcohol into the branches of the 
trigeminal nerve gave no relief A few patients with hypothyroidism 
were relieved by thyroid extract and vitamin B The majont}" of others 
were relieved by either alcoholic block of the cervicothoracic sympathetic 
ganglions or by resection at the lower border of the mandible of the 
facial artery, vein and sympathetic fibers 

ANATOMY 

Not only were sympathetic fibers found on the facial artery and \ein 
at operation, but from one to four rather large sympathetic fibers were 
resected m the soft structures surrounding these ^esseIs (fig 2) 

Anatomic dissection of the sympathetic fibers in the face w’^as rather 
difficult, but the semidiagrammatic drawing (fig 1) showb the location 
and course of these fibers To illustrate the numerous apparent 
anastomoses with the fibers of the seventh neiwe m the check would 
be confusing, nor are the many small branches about the facial arter\ 
and vein indicated m the illustration The mam svmpathetic fiber:, on 
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and accompanying the facial vessels course along the external carotid 
artery, where anastomoses are made with the fibers of the sympathetic 
trunk to the superior cervical ganglion and with fibers accompanying the 
temporal and occipital vessels, but the mam group of fibers course dowm- 
ward to enter the carotid sinus at the bifurcation The fibers from the 
carotid sinus pass downward along the great vessels of the neck to 
enter the cord at the seventh cervical and the first and second thoracic 
segments 
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Fig 1 — Semidiagraminatic representation from anatomic dissection ^ 
thetic fibers accompanying the arborizations of the facial artery and a 

carotid sinus at the bifurcation of the common carotid artery ^ ^ 
drawing m Sobotta, J Atlas and Textbook of Human Anatomy, em 
additions by J P McMurnch, Philadelphia, W B Saunders Comp y, 
vol 3 ) 


These anatomic findings on the course of the sympathetic 
face seem to confirm the interesting experiments of Fa> w en 
lated (with the region under local anesthesia) the \ascuar 
neck of the human being 
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That the sympathetic fibers in the face are involved in buccal neu- 
ralgia seems evident from anatomic and clinical study, but no contnbution 
has been made as to the mechanism of the pain It was noted, however 
m some patients that after resection of the sympathetic fibers accompany- 
ing the facial vessels an occasional pain was- felt but gradually dis- 
appeared in from one or two days to three weeks 


XitJiATMENT 


treatment for buccal neuralgia by duiding the facial vessels 
1 fibers developed from the observations made in 

case 1 in 1929 and was first employed in 1932 Previously, in a majority 
of cases relief had been secured by the more difficult and extensive pro- 

ce ure o injection of alcohol into the cervicothoracic sympathetic 
ganglions 

The division of the sympathetic fibers along with the facial artery 
an vein is a simple procedure which does not produce Horner’s 
syn rome or the troublesome alcoholic neuritis that appears after 
interruption of the cervicothoracic portion of the sympathetic chain 
With the region under local anesthesia an incision 2 to 3 cm long, 
parallel to and just below the lower border of the mandible, is made 
over t e facial artery as it comes around the lower edge of the jaw 
H ^ resection (with ligation) of 1 cm of the facial artery 

an acial vein, as well as of the contiguous soft parts containing sympa- 
t etic fibers, is made The ends of the divided structures retract over 
t e ower border of the jaw, preventing regeneration 


CLINICAL MATERIAL 

Of the 30 patients seen during the past ten years that belong in the 
group classified as having buccal neuralgia, 1 patient, receiving no treat- 
ment, had spontaneous rehef Three other patients with hypothyroidism 
^cured relief from administration of thyroid extract and vitamin B 
8 patients treated by alcoholic block of the cervicothoracic portion 
o the sympathetic chain, 5 were relieved at once of their neuralgia, 
obtained no relief, and 1 had temporar}^ relief Division of the facial 
artery, vein and sympathetic fibers was performed in 17, and 13 were 
relieved of their neuralgia Three were not helped by the operation, and 
questionable relief was secured m a ^'mental case” In 1 patient 'with 
limited buccal or angular neuralgia, relief was obtained by division of 
the angular artery, vein and sympathetic fibers Ten patients had an 
associated tic douloureux of one or more branches of the trigeminus 
ncr\e 


27 Flothow, P G Diagnostic and Therapeutic Injections of the Svinpathctic 
Serves, Am J Surg 14 591 (Dec.) 1931 
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KCPORT or CASCS 

Case 1 —Mr O C ]\I , aged 81, for twenty years had annual monthly attacks 
of burning pain, witli frequent sharp stabs, Jii the right cheek and the lips, spread- 
ing to the zygomatic region On examination, in February 1929, the right facial 
artery was tortuous and pulsated markedly Its accidental occlusion by digital 
pressure at the angle of the jaw stopped the pain When he returned, in October 
1930, he stated that digital compression of this artery had given satisfactory relief 
during the last attack No reply was received to a letter sent in Januar}'' 1940 

C\SE 2 Mrs H R, aged 27, had a burning, aching pam in the left side of 
the upper jaw and gum, spreading to the tongue and eye, which had been present 
for fifteen months Cocaimzation of the sphenopalatine ganglion and injection of 
alcohol into the maxillary branch of the trigeminus nerve in April 1930 gave no 
lelicf Her pain stopped spontaneously m September 1931 


Case 3 — Airs S K , aged 58, had true tic douloureux of the left maxillarv 
branch of tlie trigeminal nerve and a constant burning, aching pam m tlie left 
cheek, upper and louder jaw and the base of the tongue which were present for 
over a year In April 1931 injection of alcohol into the lower two branches of the 
trigeminus ner\e gave complete relief of the tic pain, but the burning, aching pam 
was not stopped until the sympathetic ganglions at the seventh cervical and the 
first and second thoracic segments were treated with injections of alcohol It was 
reported that she remained well until her death in Japan in 1937 


Case 4 — Mrs M C, aged 48, underwent intracranial section of tlm 
trigeminal root in September 1929 for ticlike pains in the second and third 
branches of the nerve In July 1931 she returned because of burning, scalding 
pain in the right cheek, tongue and hps, with aching in the zygomatic and niaMnar\ 
regions Injection of alcohol into the cervicothoracic portion of the sympathetic 
chain on the right gave relief up to the time of the last report, in February 1932 


Case 5 — Mrs G B , aged 27, with a toothachy pam in her left jaw and chee 
spreading to her eye, was relieved in September 1931 by a paravertebral alcobc ic 
block of the cervicothoracic sympathetic fibers Neuralgia referable to the e t 
geniculate ganglion developed m 1934 She reported in February 1940 that sic 
had had no faaal pain since treatment in 1931 


Case 6 — Mr A B , aged 40, suffered at intervals for fifteen years wit i 
pains in the right side of the face, as well as a boring, aching pam m 
cheek, spreading to the eye and ear Injection of alcohol mto the 
branch of the fifth nerve in October 1931 gave relief until February 1 
another injection wms performed, but the boring, aching pain in the 
until relieved by injection of alcohol into the sympathetic chain at the seven ce ^ 
and the first and second thoracic segments This cervicothoracic portion o 
pathetic chain was removed surgically in September 1936, when the bucca im 
returned Since then the patient has been free of buccal neuralgia, but remj 
into the maxillary branch was done in November 1939 

Case 7 — Mrs A R , aged 35, experienced neuralgia referable to jpjO 

late ganglion, with aural herpes and palsy of the facial nerve in 
followed by an attack on the right side with pals> of the nerve on 
May 1930 These attacks left a residual pam, consisting of tlu 

left cheek and in the jaws and ear Injection of procaine hydroc j 

left cervicothoracic sympathetic fibers gave temporary relief m ^ 
again in November 1932 The patient died of uremia in January 
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Case 8 Mrs M N , aged 52, m November 1931 complained of burning pain in 
the right cheek, tongue and zygoma, spreading to the eye This was relieved by 
alcoholic block of the cervicothoracic sympathetic fibers on the right until Februarj 
1932 Elsewhere the trigeminal root was cut in 1937, and the facial vessels and 
sympathetic fibers were divided in 1938, without relief She still suffers from 
buccal neuralgia 



Fig 2 (case 9) — A, cutaneous incision indicated for division of the facial 
artery, vein and accompanying sympathetic fibers SP represents stabbing pain , 
TP, tngger point, FP, facial vessels, and Cl, cutaneous incision B photomicro 
graph showing many small sympathetic fibers in the tissue surrounding the wall 
of the facial artery as well as three larger s>mpathetic fibers in the tissue adjacent 
to the facial vessels SP represents sympathetic fibers, F / facial arter> 

Case 9 — Mr L W, aged 40, for over a )car suffered from an aching thrubing 
pain in the region of the upper right first molar followed bj a burning pain in the 
gum and upper jaw Talking eating and movement of the hps would induce the 
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attacks Compression of tlic right facial artery immediately stopped the pain. In 
January 1932, with tlie region under local anesthesia, the facial artery, the vein and 
the accompanying sympathetic fibers were resected Three large sympathetic 
fibers and numerous smaller ones in the loose tissue about the walls of the vein 
and artery were observed on histologic study (fig 2) An occasional stab of pain 
persisted for two weeks after operation As recently as February 1940 an occasional 
stab would be experienced at weekly or bimonthly intervals 


Case 10— J^Ir G W , aged 49, m May 1932 complained of a ticlike pam inter- 
mittently present on the right side for four years Recently a burning, bonng 
pam in the right upper jaw and cheek had developed Alcoholic block of the nght 
cervicothoracic sympathetic fibers in ^lay 1932 and again in August 1935 cured the 
buccal neuralgia On Feb 7, 1940, Horner's syndrome was still present, an a 
fourth injection of alcohol into the second and third branches of the tngeminui» 
nerv^e was made to relieve the recurrent tic douloureux 


Case ll—Urs M B, aged 55, had the sensory root of the trigeminus nerve 
divided in 1930 by K McKenzie fqr tic douloureux Recent burning, crawling 
sensations in the left cheek and aching of the maxilla were only ^ 

by injection of alcohol into the cervicothoracic ganglions In May 1 
of the left carotid sinus gave temporary relief In February 1940 the pain was s 
present in spite of recent injections and operations on the sinus 

Case 12— Mrs B E M, aged 65, had terrific burning pain over left 
of the forehead, m and behind the eye and along the cheek to the ma- a , 
tril, following a supraorbital herpes zoster four months before An ^ 

the left eyebrow, dividing all the nerves and blood vessels toge 
sympathetic fibers and a second incision for division of the le t acia a 
and sympathetic fibers gave complete relief of all pain except s ig a 
the eyeball This relief extended from October 1935 until death in 

Case 13— Mrs E K, aged 62, underwent excision of the 
sympathetic fibers on the right m July 1936 for aching pain m 
temporal region associated with attacks of stabbing pam in e sam 


had no return of buccal neuralgia to date 

Case 14 -Mrs H L C, aged 67, had spells of burning, 
right cheek and nose, spreading to the eye and ear W en giv l, 3 (j 

and vitamm B m September 1936 she obtamed relief within Uvo 
remamed well to February 1940 

Case 15— Mr FAB, aged 49, had frequent sharp ^ cheekJiP and 
bicuspid for six years, associated with dull, achmg pam fibers on the kk 

nostrd In September 1936 the facial vessels and sy'npatk 
were divided, with complete relief, which continued to 

1939) o-g burning P^" 

Case 16 -Mrs G E H , aged 43, was seen m ^pper hP 

in the right cheek, jaw and nose associated with stabs pa extract an 

nasolabial fold She was found to have hypothyroidis „-a. 

vitamm B gave relief until she stopped treatment, m 

again secured on resuming medicauon j „ „dile pa»"“ 

Case 17 -Mrs S E S, aged 62, suffered for dieet a«i 


left upper jaw and lip, as well as dull, aching pam 

28 ~iSenzie, K G ObservaUons ^ 

Trigeminal Neuralgia, Canad M A J 29*492, 
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18-Mr E C, aged 48, at intervals for tuenty years experienced a con- 
and beh.’n?*TlS‘"eye ^P^^ading to the nose 

facial vessels and synfpathetic fiblTT^Novetbe; 

bv ^ ^eed 66, had ticlike pain in the left upper hp cured 

b^rZ P " .nfraorbital nerve in February 1937 but a se^re 

the facial^vessd H relieved until 
of the nj Z fibers were divided a month later Only a return 

Ot the tic pain was reported in February 1940 

and*^4Tek*!iZrh^ ^ ^ constant dull pain in the upper left gums 

left facial °">y temporarily relieved by division of the 

Tn inst?H t K " sympathetic fibers in September 1937 He was committed to 
n institution because of disorientation and delusions of grandeur 

—Mr J H R , aged 65, had a hammerhke pain in the left upper hp 
anri *6 tongue and cheek Division of the facial vessels 

m May 1939 In 

of air 1 , i" ^ ‘be upper gums on the left was relieved by injection 

of alcohol into the maxillary branch 

ht^^^ P ^ ^ complained of a constant dull ache m the 

foTm/P u ®P‘'“fi'"g f° tbc Cheek and eye A trigger pomt ^vas 

ound at the corner of the mouth In January 1938 the facial vessels and sympa- 

f , were divided, affording temporary relief She did not return for 

turther treatment 


t , B T R, aged 46, had aching pam m the lower jaw, spreading 

o e t cheek and the zygoma for five years Division of the facial vessels and 
ympa etic fibers m March 1938 and injections of procaine hydrochloride into the 
en nerve and into the gums gave no relief, nor did thyroid extract and vitamin B 

Case 24 Mr C E C, aged 43, has remained relieved of aching, burning pain 

e eft cheek and maxilla since division of the left facial vessels and sympathetic 
fibers in April 1938 

C^SE 25 Mr A H , aged 62, had stabbing, tlirobbing, burning pain in the left 
cneek ^d jaws for five years In April 1938 division of the facial vessels and 
fibers on that side relieved the burning pain in the cheek, but the 
throbbing pam persisted until alcoholic block of the mandibular branch 
o e fifth nerve Return of the stabbing pam in August 1939 was relieved by 
reinjection into the mandibular branch 

Case 26 Mrs E F, aged 62, had alcohol injected mto the right maxillary 
nerve in April 1938 for stabbing pam in the right check In January 1939 a buni- 
*ng, throbbing pam in tlie right cheek appeared which has not returned since 
ivision of the facial vessels and sympathetic fibers 
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C\SE 27 ^Irs L C, aged 46, in Jaiiuarj 1939 complained of nocturnal sharp 
aching pains in the right cheek, e>c and upper jaw, which ha\e been rehe\ed by 
correcting her hypothyroidism wnth thyroid extract and \itamin B 

Case 28 — Mrs G D , aged 61, had attacks of burning pain in the lett cheek, 

jaws and nose, spreading to the tongue In ilarch 1939 division ot the facial 
\essels and sympathetic fibers on the left ga\e complete relief There has been no 
report on the patient since April 1939 

Case 29 — Mrs H M, aged 57, suffered from attacks of aching, burning pain 
in the left cheek for sixteen years Since duision of the facial \e 5 sels and svinpa- 
thetic fibers on that side in December 1939 she lias experienced only an occasional 
pain m tlie cheek, with many mter\ening days when she is entirely tree ot pain. 

C\SE 30 — Mr \V E G , aged 59, had se%ere aching pam for a year m the leit 
angle of the jaw' se\en years ago Four years ago sharp pains followed by a burn- 
ing, aching pain started in the inner angle ot the lower left eyelid and extended 
dowm to the nasolabial fold and to the cheek Injection of procaine hydrochloride 
into the infraorbital nerve ga\e no relief, but injection about the angular arterv 
stopped all pain In January 1940 excision ct the left angular arten, lein and 
accompanying sympathetic fibers gave complete relief, which has continued to the 
last report (March 1940) 

SUAIMARY 

Buccal neuralgia, a form of atypical faaal neuralgia, is charactenzed 
b} a burning, boring, aching, throbbing pain m the region of tlie hp, 
cheek, gum, tongue, maxilla, nose, upper jaw and sometimes lower jaw, 
spreading at tunes to the zygoma, into or behind the eyeball or into the 
temporal region 

Anatomic dissection demonstrated sympathetic fibers from the caroti 
sinus following the arborizations of the facial arterj'^ and vein 

Extraction of teeth and injection of alcohol into branches ot t 

trigeminal nerve gave no relief . 

A report is made of 30 patients suffering from buccal neu 

Tic douloureux of one or more branches of tlie tngeminus nene w 
associated with buccal neuralgia in 10 patients 

Three patients with buccal neuralgia exhibited h 3 'pothyroidisni 
neuralgia was relieved by administration of thyroid extract an 

mm B enico- 

Buccal neuralgia was cured in 5 of 8 patients in whom t le c 

thoracic portion of the sympathetic chain was interrupted g.,jjp|er 

Buccal neuralgia was relieved m 13 of 17 patients } ^nd 

procedure of division of the sjnnpathetic fibers with the acia 
vein at the lower border of the mandible 
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GLAND BY ORAL ADMINISTRATION OF 
DESICCATED THYROID 

USE OF THE SUBSTANCE IN TREATAIENT OF CONGENITAL 
AND SIMPLE COLLOID GOITER 


WILLIAM FRANCIS RIENHOFF Jr., MD 
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The first demonstration of the effect of a substance from outside the 
body on the microscopic structure of the thyroid gland was the deposition 
CO 01 within the follicles of the thyroid gland of the dog after the 
^mistration of iodine, reported by des Ligneris ^ in 1907 and hi 
Marine and his co-workers - m 1908 Since these early observations 
ere ave appeared m the literature from time to time controversial 
reports regarding the effects of iodine and other substances on the 
normal thyroid as well as on certain types of enlargement of the gland 
fEoeb ^ and others It would be aside from the purpose of this paper 


From the Department of Surgery, Johns Hopkins Umversitj 

Tnri M Expenmentelle Untersuchungen uber die Wirkung des 

s aut die Hundesschilddruse, sowie uber die Hyperplasie dieser Drdse Berne 
Kosch & Schatzmann, 1907 

2 Marine, D , and Williams, W W The Relation of Iodine to the Structure 
ot the Thyroid Gland, Arch. Int Med 1 349-384 (Alay) 1908 

ri H ^ Structural Changes Which Take Place m the Th>roid 

an of Guinea Pigs During the Process of Compensatory H>pertroph> Under 
t e nfluence of Iodine Administration, Endocrinology 13 49-62 (Jan -Feb ) 1929 
3a Webster and Chesney administered iodine in the form of compound solution 
o iodine U S P to 10 rabbits with hyperplastic goiters and observed rapid loss 
o weight, marked increase in heat production and death of the animal in most 
mstances (Webster, B , and Chesney, A 2^1 Endemic Goiter in Rabbits III 
ect of Administration of Iodine, Bull Johns Hopkins Hosp 43 291 308 1928) 
ey stated that “m every instance in which the animal sur\i\ed the iodine adminis 
tration for more than one week, a decrease in the size of the goiter was noted 
Microscopic sections of the th 3 roid glands of the animals showed h>perplastR 
goiters in various stages of involution, and the degree of involution \\as directl> 
proportional to the length of the period during which iodine was administered 
The behavior of these animals suggested to the authors that after administration 
of iodine an excess of thjroid secretion had suddenlj been elaborated and poured 
into the circulation It was as if the th>roid glands in these aninnls had been 


(Footnoti, coittinutJ on next paj ) 
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to attempt a cntical resume of the vast literature on this subject up to 
the present, for, although there have been many and important con- 
tributions to knowledge of enlargement of the thyroid gland, the cause 
and method of prevention of all types of goiter remain unsolved problems 

In all probability the goitrogenic factors vary m different parts of the 
world and particularly m various regions of the United States of 
America Similarly, enlargement of the thyroid in certain localities 
will not only differ m extent but may show structural and microscopic 
changes varying from typical simple colloid goiter to goiter composed 
of small follicles which are poor m colloid There will be found all 
gradations between these tuo distinct types, at times not only m the 
same locality but also m the same person Again, such an enlargement 
may present as a diffuse or as a nodular goiter 

It would seem, therefore, that the methods ot preiention ot goiter 
as well as those of treatment would differ, depending on the localit}', the 
extent of the enlargement and the microscopic structure of tlie gland 
The deletion or inclusion of specific dietarj' substances effective m 
certain types of goiter under one group of conditions may be totally 
ineffective m another situation, in which a different type of goiter 
prevails 

The object of this report is to call attention to the therapeutic effect 
of desiccated thyroid in cases of simple colloid goiter of the type encouu 
tered along the mid-Atlantic seaboard and to note the effects of tj« 
substance on the microscopic structure of the gland In the hope 
some light may be thrown on atrophy of the thyroid, the accumu atio^ 
of colloid in the gland and the entire complex subject of goiter, t esc 
data are presented 


KEPORT OF CASES 

Cases 1 and 2 — In 1925 tliere appeared in the th>roid clinic ot ^ ° 
Hopkins Hospital dispensary 2 sisters aged 16 and 18, born m tlie ni 
of an Amencan mother and a Swiss father There was no jp^enls 

on the maternal side of the family, but the father and the patema gr 
were all affected with it The 2 girls had been afHicted with large 
their birth in Baltimore, a nongoitrous area They were, m a ' 
dwarfed compared with other girls of their age Tneir facies an m 


■ ■ - ■ ■ ' ■ 

rendered capable of S 3 mthesizing large amounts of thyroid secretion of 

elements were available and did so as soon as iodine was supp le j'olJoiung 

this view was the authors' observation that the seventy of 

the adnumstration of iodine w’as proportional to the degree o 3 

in the gland Dr Chesney, in a personal communication ^ ’ 3 

that these h 3 T>erplastic thyroids might have elaborated a su d” 

precursor of thyroxin and that the administration of ^^ 3 !. 

hypothetic substance into the active molecule, thus flooding 

with an excess of the secretion of the thyroid gland 
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dation were typical of a marked degree of hypothyroidism anH ,n I 
.«r= co„ge„,,=I w=,. pr=„„t ”, 

the^ 1 r beneficial results On the contrary 

metabolic rTt ^ further enlargement of the thyroid The basal 

respeaiyel^ For" tT" ‘r “36 per cent 

thp!r 7 * ^ ‘he iodine therapy was continued 

^ supervision in the thyroid clinic After 

thyroid which measurements were made of their enlarged 

cono ion fail to improve as a result of administration of iodine, but the mani- 
ncTZ . accentuated, and th; goiters were 

Sfn "u°n 1°"'" r 'r - conLtenJy Jo- 

lay in the re?uXt STurJ P^‘'“‘^ 

the°lJke°d""! attempt was made to relieve 

tobletT o? de “f the thyroids by oral admimstration of 

3 grains fOM T rt ^ increased from 1 to 

the thvroid I ^ metabolic rates mounted 

by actJl ^ ^ dimimsh in size After three months there was 

there ‘he normal size, but 

siY mr. f;, ^ j ^ considerable increase above normal in the consistency After 

there rem^’ which 3 grains (0 19 Gm ) of thyroid was given every day, 

remarn!^ abnormality in the glands would have 

basal patients were clinically much improved, and their 

later were restored to within normal limits The younger was 

wide operated on by Dr Alan C Woods for bilateral cararacts, 

lectu 1 treated in the psychiatnc outpatient department as an '‘intel- 

a 1 enor** After a few years they moved away, their destination unknown 


Case 3 Some time later a newborn infant was admitted to the pediatric 
epar ment of the Johns Hopkins Hospital suffering from severe dyspnea, 
^anosis and a pronounced enlargement of the thyroid gland, present at birth' 
n view of our previous experience, thyroxin was given hypodermically, \\ith 
very rapid amelioration of the respiratory difficulties and a demonstrable rcduc- 
on in the size of the gland after a few days The thyroid within some months 
was restored to a relatively normal size Experience has demonstrated beyond 
ques ion that m infants with such conditions iodine is totally inefficacious and 
surgical procedures very hazardous 


ASE 4 J L E, a boy 11 years of age, had diffuse goiter with hypothv- 
observed in the Harriet Lane Home in consultation 
^ Lawson Wilkins The mother was operated on for an enlarged cystic 
^ yroid gland slightly before the birth of this her only child At the age of 
years a prominent enlargement of the thyroid gland developed, which 
increased m size each year The attending pediatncian. Dr Robert Strong 
cone uded that the patient had a diffuse colloid goiter with hypothyroidism and 
gave the child iodine by mouth, which caused an increase in the mzc as well 
in the consistency of the gland The boy was then given 2 grains (0 13 Gm ) 
o thyroid by mouth each day, with an early improvement not only in his mental 
status and alacrity but in his phvsical activities \t the time of this report the 
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has developed tncntally and physically „ a the child 

thyroid has been temporarily discontinued 0 ^^ 

tliyroid gland becomes much lar-er He , ^ i occasions it is said the 

as much as 11 pounds ri TvV t ^ usually gams weight rapidly, at bmea 

thjroid beconies morrnronl enlargement of the 

th>roidism all thyroid theranv"'^^ rt ” estimate the extent of his hypo- 

tliyroid therapy was discontinued In a few weeks the bo^ gained 



Fig 1 J L E , showing the presence of a colloid goiter before oral adfniii 
istration of thyroid B, semiprofile view C, profile view J L E atter etg 
weeks of treatment with 3 grams (0 19 Gm ) of thyroid per day Compare \uth 1 
note the disappearance of the goiter, due to atrophy ot tlie thyroid gland E/ 
profile view , compare with B F, profile \^e\v , compare w ith C 


weight rapidly (8 pounds [3 6 KgJ), the abdomen became protuberant, ai^ 
became mentally sluggish as w'eil as irritable. The thyroid gland nicreas ^ 
size each week After two months the clinical manifestations ot hyiiofhyro 
were pronounced, and a marked enlargement of the thyroid gland wa^ 

(fig 1, A, B and C) On palpation the gland was diffusely enlarged tw^^a 
four or fi\e times the normal size and much decreased in coiisistenev 
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!" respects to a simple diffuse colloid goiter The basal 

per nundred cubic centimeters Three Dram*; (0 10 Pm ^ j ^ 

efore it was again administered were remarkable (fig 1, D, E and F) 

difficulty m swaS^ '’"f Infirmary complaining of goiter, choking sensations, 
of weight The nr/"^! ^ nervousness, poor appetite and loss 

BaltimL J L ?T Thurmont, a few miles from 

had a I ^ "°nmountainous district of western ifaryland. She had 

J r - ^^e comd remember, but 

coLSnt “ r . " enlargement of the thyroid was a 

made «ma°rk"" "'"^arrassment to her Her family and fnends frequently 
m-nr^d r ^ concerning the gradual increase m the size of her goiter over a 

Sl^e^f°h/Th °"e child The 

her child increased markedly during pregnancy and even more after 

and statcd'Th n™ always felt sluggish, with practically no ammation, 

nrLnre T? u Constantly told her that she had a very low blood 

slmhHv ^ u*""’ had been falling out She was habitually 

earn I “^^^^ight, her eyes were somewhat puffy, and she had a tendency to 
slow Qif uT" appetite was never good Her pulse was usually 

e>ne had not been conscious of her heart beat She rarely felt the heat 
MO m the winter was cold almost constantly Of late, however, she had become 
ervous about her goiter because, m spite of the fact that she had taken rather 
U ^ doses of iodine in the form of compound solution of iodine 

^ by mouth for over two years, it was her impression that there had been 
o immution m the size of her goiter but that, on tlie contrary it had actually 
ncr^s She had estimated this increase by her own impression and by that of 

c physician and also by the 

at she had experienced difficulty in breathing at times 

The patient was admitted to the hospital for examination and a study of the 
unctional status of her thyroid gland Physical examination ga\e essentially 
ne^tivc results except that the hair and skin were dry and the face somewhat 
fo under the eyes The subcutaneous tissue gcncrall} seemed 

o e thicker, as if there were some subcutaneous edema There were no signs 
o lyperthyroidism On inspection the thyroid gland was obvioush enlarged to 
normal size This enlargement on palpation uas rc\LaIed to 
1 use. The gland was soft There were no nodules or tumors The consist- 
ency of the parenchyma seemed to be definitely decreased below that of a normal 
lyroid gland The impression obtained from examining this patient was unques 
tionably tliat of hypothyroidism resulting from or associated with diffuse soft 
CO Old goiter The basal metabolic rate was — 10 per cent 

This patient was admitted lor operatne remo\al ot a portion 01 tlie enlarged 
t yroid gland because medicinal (iodine) thcrap> had been totnlI> inefTeclne 
le th>roid gland under tins form of therapy had increasexl not onI\ in ize 
ut in consistency and was productue of more mechanical disturbanee in this 
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hardened state than before the iodine was given The question immediately arose 
as to wlm could be expected of further iodine therapy, whereupon it was generally 
agreed that the colloid already present in the gland under this form of treatment 
would probably become more dense and that more colloid would be deposited 
as a result of the administration of iodine The possibility of intoxication due 
to the prolonged use of iodine must always he held in mind. In addiUon to this, 
the patient had lost her confidence m the probability that the iodine would bnng 
about a reduction in size of the gland An operative procedure to remove the 
enlarged gland for cosmetic reasons seemed illogical in the presence of tlie low 
basal metabolic rate already present, together with clinical signs of underactivity 
of the thyroid or of hypothyroidism It was felt that further destruction of the 
thyroid gland would only increase the hypothyroidism and lead to additional 
untoward clinical manifestations It was therefore decided to treat the patient 
by means of oral administration of thyroid tablets (Hjmson, Westcott and 
Dunning), beginning with 1 gram (0 06 Gm ) a day and mcreasing the dose 
according to the condition of the patient and the changes noted m the basal 
metabolic rate Before this type of therapy was instituted the matter was discussed 
thoroughly with the patient, and with her complete approval as well as under- 
standing removal of a biopsy specimen from the thyroid with the region under 
local anaesthesia was decided on in order to determine the exact histologic char- 
acteristics of the gland The patient had not taken iodine in any form for 
approximately six months before admission to the hospital, so it was felt that 


any effects of the iodine on the structure of the th>roid or on the organism as 
a whole would m a large measure, if not entirely, have disappeared Accordinglyi 
a small portion of tlie right lobe was removed for section The thyroid gland 
in the gross seemed to be of uniform consistency, and the diagnosis of diffuse 
colloid goiter was unquestionably correct The section of the gland taken before 
treatment with thyroid was studied and showed typical diffuse colloid goiter 
(figs 2 and 3) A description of several sections of the tissue removed at c 
first biopsy follows The histologic appearance was that of a simple co oi 
goiter The follicles were everywhere filled with homogeneously staining 
The follicles diflfered m size but were, generally speaking, much larger than t ose 
seen m the normal human thyroid The colloid abutted on the epithelium, w 
had been flattened out to almost the size of endothelial cells, much 
the normal cubical epithelium usually encountered throughout the thyroi o 
normal person In places, even in this section, the pyknotic nuclei stood out m 
cytoplasm like pearls in a necklace, the cytoplasm of the lining epith 
apparently made scanty by increased mtrafoUicular pressure of the 
some areas the epithelial cells could not be distinguished from the en o e i 

except for their position as a part of the lining of the follicle, t eir nuc 

flattened and the cytoplasm merely tapering off from this elliptic ty^ o^^^ 
Practically no secretion vacuoles were seen in the lumens ^ ^ ^ ^ , portion^ 
smaller ones, between the larger, in all probability represente erm 
of follicles of equal size which had been sectioned at different eve 
if they had been reconstructed would m all probability have acfo^^ 

average m the section The largest follicles seemed to ^ 

through their diameters Except for blood vessels and . Kmphcc>ti<^ 

practically no interfolhcular tissue There were no wan obvioui)l> 

cells or small mononuclears Occasional clumps of ce s, \v ^ ob^cncd 

epithelial and represented the domes of the underlying o appearance 

between those follicles which contained colloid T ^ ^ccumulatn" 

this section was therefore typical of a simple col oi goi 
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microscopic appearance of the ceSs w°as““ve7wW 

and from the histologic appearance there seemed to be a:%lm77n "f tc^ 



. ^ pliotomicrograph of a section showing topical simple colloid goiter 

^ 0| hematoxylin and eosin stain) The tissue was rcmo\cd from the gbnd 

ore oral administration of tJiyroid was instituted Note the size of the follicles 
an the characteristics of the lining epitlielium and the interstitial tissue B 

section (hematoxylin and cosin X 100) of tissue rcmo\ed for the first blups^ as 
was t lat in A, but from another portion of the block 
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We have noted this tendency before and have felt that it is due not only to 
tolerance on the part of the patient but to atrophy of the tliyroid gland with 
diminution of its secretion in the circulating blood caused by the exogenous supply 
of tliyroid 

The patient then returned to her home, where she remained until Sept 2, 
1936, after taking thyroid in large doses for practically one year At the end 
of tins time she was readmitted to the Church Home and Infirmary, feeling much 
better than she had on the previous admission, although she was taking 6 grains 
(0 39 Gm ) of thyroid each day She stated that she “felt her heart beat’^ some- 
what more rapidly than before she had begun to take thyroid, but less so in the 
last four months She was vigorous, did not sleep so much and on the whole 
felt that her condition had improved She seemed to have a great deal more 
energy The most striking feature was complete disappearance of the enlargement 
of the thyroid gland, or goiter This was noticed by the same group of persons 
who had commented on the goiter previously, namely, her family, friends and 
family physician Measurements of the neck made at the first and at this second 
admission also confirmed this observation Examinabon at this time revealed a 
rather rapid pulse rate (running from 100 to 110), a perfectly regular pulse, 
an occasional premature systole, a well defined tremor of the extended fingers and 
a defimte seventy of expression, probably due to a retraction of the upper eyelids 
and a suggestive superior lid lag on rotation of the bulbs downward The most 
interesting part of the examination centered around the thyroid gland At this 
time the gland was not visible, the goiter had entirely disappeared On palpation 
there was a small shrunken thyroid, markedly hardened and increased in con 
sistency, entirely different to palpation from what it had been origina y n 
fact, it felt almost stony hard, like beginmng Riedel s struma, and mar e y 
diminished in size It was as small as a normal gland, which correspon s to a 
diminution at least to one-fifth its pretherapeutic size The basal meta c 

at this examination was + 25 per cent, which was a total advance o a ve 

the — 10 per cent noted on the patient’s first admission to the hospiul On account 
of this marked elevation of the basal metabolic rate, which I thoug t 
to the hyperthyroidism induced by the patient s taking 6 grains ( o 

thyroid a day, and on account of the marked shrinking and har ening o 
gland, another biopsy specimen was taken from a representative portion o 
thyroid definitely removed from the previous incision so that e microscop 
appearance would not be interfered with by scar tissue from the previous remova 
A small piece of tissue was thus removed, and photomicrographs of tins arc 
presented (figs 4 and 5) 

There was marked d.mmution m the number and size of the follicles 
with figure 2 A), and there was also a paucity of colloid at ic i ^ 
stained homogeneously but somewhat deeply with eosin ne ^in le ' , 

that tlie colloid secretion remaining in the small and atrop ic o ic es was 
and hard The great majonty of the follicles were entirely empty 
only a very small amount of colloid They were decreased m size and num^r^ 

while the intrafollicular stroma was everywhere stri mg y tissue for 

regions there appeared to be a large amount of substitution of fibrous t.s ue for 
parenchyma, giving the appearance of areas of broad scar fonna ion hi^ other 

places there was a similar to those 

4 MacCallum, W G The Patliologj of Exophthalmic Goiter J ■\ M A 
49 1158-1162 (Oct 5) 1907 
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, 5—^, high power photomicrograph (hematoxylin and eobin X 200) of 

e section shown in figure 4 B, demonstrating more clearly tJit empty follicles 
cytoplasm of the epithelial cells The photomicrograph also shows 
e interfolhcular stroma is to a large extent composed of masses or cordons 
o epithelial cells denved from the collapsed, empt> follicles D Ingh power 
P otoniicrograph (hematoxylin and eosin X 200) of a seetion of the ^aine block 
s own in figure 4 and in A demonstrating the contracture of the follicles to \er> 
SM \esicles or e\en to such an extent that their lumens are obliterated u tliat 
c appearance of the section is that of a solid cord of epithelial cells 
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being stimulated by oral adrninTs^tmion ofTlf^ instance also the paUent, 

tliyroidisni Although there werp r ^ ®^^te of clinical hyper- 

to adhere ,o ao pa 'V-th si 
were markedly reduced in size contun ° 

the majority of instances'! <;p ' ^ fJesiccated-appearing colloid or (as in 

epithehim which c^nsS \ -th 

almost colorless or took on! ^be cytoplasm of which was 

seemed to be much dl of the cells 

but took a Dink eosi ‘here was a cytoplasm that was atrophic 

in the maLTtv n c M '^^e nude, were shrunken and py Jotic 

flat like endothel I ^ n irregular m shape, in some they were perfectly 

pyknotic nLlei ^ "^bire of the 

like wall T ^ appeared as empty spaces surrounded fay a thread- 

anexes tmichi” areas these cells were radially arranged, often with their 

Thev mp I close contact that no lumen in them could be seen 

the nnnpa ^ ^ cordons of atrophic epithelial cells and generally created 

rpfhpr 1 f increase in the interfolhcular stroma lu other places, 

rlnmtnnf which the lining cells were absolutely colorless pre 

^ ^ ining cells looked almost like foam cells There was generally 

1 stroma with small lymiphocytes around and between the large 

y o 1C es Unless one had observed very closely the impression might 
ave een obtained that there were large areas of scar formation, but these were 
ma e up m the mam by small follicles from which the colloid had been absorbed 
an which, as a result, had shrunk down to become an almost solid cord of 
per ectly colorless cells In other places there apparently was a definite increase, 

^ least a relative one, in the pink-staining (eosin) white fibrous connective tissue 
The gland had everywhere the appearance of disuse atrophy with the colloid 
secretion markedly decreased , that which was present before the excretory demands 
were so lowered (owing to the exogenous thyroid) had been absorbed On 
account of the oral administration of thyroid the parenchyma of the gland had 
undergone true disuse atrophy rather than destruction of tissue The areas tluit 
seemed to be scar may have been due merely to shrinking of the parenchyma, 
that is, the absence of colloid-containing follicles between normally placed and 
normal-sized fibrous connective tissue septums The last-mentioned structures, 
owing to the relative shrinkage of the follicles, stood out much more promincntl) 

On account of the elevation of the basal metabolic rate and the clinical sug 
gestion, particularly the ocular signs, of slight but definite hyperthyroidism, 
together with the microscopic appearance of atrophy of the thyroid gland, tbe 
patient was discharged to return and was told to discontinue all medicinal therapy 
No thyroid or iodine in any form was administered, and particular attention iva> 
paid to the table and cooking salt to be sure that no iodized salt was ingested 
The patient remained away from the hospital for four months During 
period her nervousness entirely disappeared, as the thyroid had been discontinue 
On her readmission to the hospital, although she seemed perfectly normal from 
the standpoint of her history and physical condition, the basal metabolic 
dropped to —15 per cent on Jam 18 and to —4 per cent on Jan 25, 1937 
thyroid gland was apparently enlarged and felt a great deal softer than on 
previous admission This decrease in consistency was thought to be due to 
colloid reaccumulating rather rapidly m the gland 

Another biopsy was performed in order to determine the histologic i»taiu> ^ 
the gland at this time, when the influence of oral admmstratton ot ihvrou 
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Typical sections from the gland at that time are sho^vn in 


been discontinued 
figures 6 and 7 

The most extraordinary histologic transformation had occurred after dis- 
conhnuance of the feeding of thyroid by mouth The follicles were everywhere 
filled with homogeneously staining colloid, and except for a few, betueen which 
the mtrafolhcular septums had ruptured, were slightly larger than those encountered 
in the normal gland The colloid seemed fresh in appearance, and where the 
follicle was distended abutted on the epithelium or was prevented from doing so 
by an accumulation of chromophobic vacuoles The follicles were everywhere 
sp erical, lined with active epithelium which varied from high cuboidal to 
columnar The nuclei were less pyknotic and much more nearly spherical, and in 
some nucleoli were evident The cytoplasm of the cells was plentiful and took 
a pi stain diffusely throughout the cytoplasm, except for areas in which there 
^emed to be accumulations of chromophobic vacuoles and chromophilic granules 
he appearance of the follicles was entirely different from tliat m previous 
sections In some areas the epithelium was actually comparable with that which 
occurs m cases of hyperthyroidism, in that there were marked hypertrophy and 
hyperplasia and signs of pronounced cellular activity The interfollicular material 
was markedly reduced, there being little except a few endothelium-lined, flattened 
capillaries and some relatively inconsequential amounts of white fibrous tissue 
which probably represented the normal septums of the gland The areab of dense 
ymphocytic infiltration with germinal centers could no longer be observed The 
gland had the appearance of marked activity as a result of withdrawal of oral 
yroid therapy and throwing of the gland on its own resources The secretory 
mechanism seemed to be functioning efficiently and rapidly The cellular 
constituents of the parenchyma were in an active physiologic state as far as one 
could tell from the histologic appearance The follicles, ballooned up to their 
previous size, were filled to their utmost capacity with homogeneousl> staining 
colloid, which first distended and then compressed the interfollicular tissue and 
accumulations of cells, thus creating the appearance of a marked reduction in the 
stroma, A general estimation of the number of follicles per field in this section 
taken four months after discontinuance of thyroid therapy, gave one the impression 
that no actual loss of tissue had occurred during the atrophic resting state but 
that the follicles were merely collapsed and shrunken because the> were drained 
of all their colloid through gradual absorption or excretion. The threshold 
stimulus for the gland to secrete was never reached on account of the artificial 
feeding of thyroid After this had been discontinued for four months tlie stimulus 
for the gland to secrete was again present and this was met b; marked increase 
in die cellular activity, thus colloid was deposited as was shown in the final 
section, which represented practically a reversion to tlie primary stage of simple 
colloid goiter Evidently this state of hypersecretion together with h>per- 
trophy and hyperplasia of the epithelium preceded tlic formation of a colloid goiter 
at least in this instance and in all probability in others It thus may be that a 
state of secretory activity may always precede a colloid goiter and it would seem 
also to be a matter of fact that when diere is not sufficient threshold stimulus lor 
the gland it will undergo atrophy followed by hvpertrophy and hy i>erplasja when 
that stimulus is restored to normal 

This change m the histologic appearance ol the gland was mlereslnu and 
instructive, for it seemed to indicate that the thyroid was on its wav back l(» Il^ 
previous state and was going through a period of hvpertroplu luperpla la and 
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7 — A, photomicrograph (hematoxylin and eosin X 100) showing epithelial 
hyperactivity with the refilling of tlie follicles with colloid B high power photo- 
niicrograph (hematoxylin and eosin X 200) of the same section Note tlit refilling 
of the follicles with colloid and the epithelial lopcrplasn Figures 6 and 7 arc to 
be compared with figures 4 and 5 
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yet tlie histologic appearance of the th>roid was that of pronounced cellular 
activity, 1 e , hypertrophy and hyperplasia This suggests that in this instance, 
at least, colloid goiter may have been preceded by a penod of histologic activity 
not only from the state of a normal gland but even from that of an atrophic 
thyroid In order to determine this point it was decided to let the patient go 
without any further thyroid by mouth for another three months This perhaps 
a stage of hyperactivity on the part of the gland that precedes the stage of 
inactivity or lessened activit> associated with increase of colloid and inability or the 
gland to excrete its secretion Accordingly, the patient was discharged from the 
hospital, and in three months she was readmitted for a fourth biops} Thua, 
the period without thyroid by mouth was seven months The patient had gone 
back into her onginal state of hypothyroidism The thjToid gland, although not 



Fig 8 — Photomicrograph (hematoxylin and eosin, X 100) ^ ^ (li:,continued 
from a patient six months after oral adraimst ration of thyroi the 

The follicles are larger than normal, the epithelium returmng 
resting, inactive state This occurred siraultaneouh’’ wi tec 
symptoms of hypothyroidism and redevelopment of colloi goiter 


quite as large as at first, was prominent and, except tlii^ tme 

areas, was essentially as soft as before The basal ° ‘ preuouj state 

was — 13 per cent Biopsv revealed a complete rewsion 

histologic mactivity (fig 8) H, reeled to take 2 ura-''; 

The patient ^vas then discharged from the 3 , nee \pr>l 

(0 13 Gm ) of thyroid a day She has been taking h> pothv rosdi^ u ha 

In the mterval she has remained perfectlj well Her sig = jitncult) ^ ' 

disappeared, her thyroid gland cannot be seen and it ^ Hr 

2 g^of thyroid seems to be just the nght amount to 
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defiaency, and at the same time it permits suffiaent atrophy of the gland to 
accomplish a favorable cosmetic* effect and do away with the goiter 

In July 1936, m the Johns Hopkins Hospital, with the permission 
of Dr Dean Lewis, Dr Fred W Geib, the resident surgeon, repeated 
for corroboration the observations descnbed Three biopsies were per- 
formed on a patient with diffuse colloid goiter before and during the 
oral administration of thyroid The details of this case are as follows 

Case 6 — A W, a white boy aged 15 years, was admitted to the surgical 
service on May 28, 1935 The clinical diagnosis at this time was diffuse colloid 
goiter with hypothyroidism At the age of 11 years this patient had noticed that 
his neck had begun to enlarge, and for four years the increase had been continuous 
In the last year he had taken iodine pills frequently and had rubbed ‘ iodine salve 
on the skin of his neck over the goiter During this period the increase in size of 
the gland had been accelerated, and it had become much harder (This is the usual 
history obtained from patients taking iodine over long periods ) 

Exanunation of the patient at this time revealed a fat boy, rather sluggish, with 
puffy features There was a large, collar-Iike mass in the neck which on palpation 
was very soft The pulse was slow, and the patient presented the clinical picture 
of diffuse goiter with hypothyroidism The basal metabolic rate was 11 per cent 

Biopsy of a specimen from the thyroid at this time revealed typical diffuse 
colloid goiter 

In the outpatient department the patient was given 1 gram (0 06 Gm ) of 
thyroid each day, and by June the basal metabolic rate had risen to + 15 per cent, 
a total of 25 points In July 1935 the oral dose of thyroid was elevated to 1 gram 
(0 06 Gm ) twice a day, and by July 23 the basal metabolic rate had fallen to 2 
per cent This decrease in the basal metabolic rate occurred in spite of an 
increase m the amount of thyroid the patient was receiving by mouth Simul- 
taneously the thyroid gland had become much smaller and harder The patient 
continued to take 3 grams (0 19 Gm ) of desiccated gland by mouth for ten months, 
at the end of which time he was readmitted for biopsy (April 4 1936) At 
this time the thyroid was reduced even more in size, so much, in fact, that no sign of 
a goiter was present The remaining gland was very hard and had obviously under- 
gone pronounced atrophy The basal metabolic rate on this admission was -|-4 
per cent The general condition of the patient, both physically and mentally, had 
vastly improved Biopsy at this time supported the clinical impression that there 
was atrophy of the thyroid gland The microscopic appearance was characteristic 
of the disuse atrophy observed in the previous case and shown in figures 10 to 13 
The patient was again discharged from the hospital and advised to discontinue 
taking thyroid by mouth He returned in four months when a section of his 
thyroid gland revealed a reaccumulation of colloid sudi as occurred in case 
(figs 6 and 7) 

Since that time a number of patients with large diffuse and soft 
nodular colloid goiters associated with a low basal metabolic rate a\e 
been successfully treated by oral administration of th} roid in increasing 
doses over a considerable period — a number of months In al t le 
has been reduced, if not completely to the size of a norm 1 1 } roi 
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sttZlt T from a cosmeoc 

has resXd T ™<hm normal 

aoll f 1 r “ f .mprovement not only m them phyncal 

appearance but m their mental reactions 


COMMENT 

From the clinical as well as the microscopic standpoint, atrophy of 
le lyroi g and has been produced by oral administration of tablets of 
ccate t lyroid The extent of the atrophy as well as the permanence 
p 1 s on the size of the dose As the thyroid of the recipient becomes 
ore an more reduced in size and function, ever increasing doses of 
t lyroid must be administered to maintain the same degree of hyper- 
tiyroidism In spite of the possibility of developing antihormones, the 
exp anation of the latter observation may well be found in the gradual 
diminution of secretion of the patient’s own thyroid due to disuse 
atrophy of the gland and requiring additional amounts of thyroid by 
mouth This same tendency has been noted during admmistration of 
solution of parathyroid as well as of insulin It may be stated as a bio- 
logic law that organs whose function is no longer necessary go into a 
regressive state, and it would appear to be applicable to the endocrine 
glands The function of such glands is in all probability regulated by 
the concentration of their secretion in the blood or tissues When the 
glandular secretion in the blood stream is consumed, a temporary 
response on the |>art of the gland is produced, with a proportional 
mobilization of its secretion A typical example is the mobilization of 
the hepatic sugar and the level of blood sugar The thyroid secretion 
in the blood stream probably determines the degree of activity of the 
thyroid parenchyma at any given time Thus the cellular activit) of 
the thyroid gland would take place at a minimum rate m the presence 
of an abundance of exogenic thyroid in the blood stream The changes 
observed in the histologic structure of the thyroid described here \'OU 
seem to bear out such a hypothesis 

It IS a conjecture, but not beyond the realm of probabilitj, that 
forms of enlargement of the thyroid other than simple colloid goiter, 
atrophy may be accomplished in a similar manner It is eien possible 
conceive that the diffuse hypertrophy and hyperplasia associated \wt^^ 
hyperthyroidism could be brought under control to an atrophic state. » 
this interesting problem is being investigated at present In order t^^ 
produce such a change m the gland a slightly larger amount ot 
must be administered artificially than is sufficient to equal the 
secretion of the thyroid gland As the size of the gland i 

and the consistency gradually increases the amount of exogenous 1 1 
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may be reduced proportionately until the minimal requirements have been 
determined It will probably prove necessary to produce at least a mild 
degree of relative hyperthyroidism m cases of the colloid type of goiter 
before definite atrophic change m the thyroid will be brought about 
The degree will possibly vary with the patient, according to age and the 
size of the gland Another variable factor will undoubtedly be the 
period necessary for administration of thyroid by mouth It is to be 
noted, however, that in patients afflicted with nodular or diffuse colloid 
goiter there is a coexistent state of clinical hypothyroidism Soon after 
thyroid medication is begun there is a striking improvement symptom- 
atically, and the further development of low grade hyperthyroidism is so 
insidious that the patient is unaware of any unpleasant effects of the 
increased thyroid medication On the same principle, thyroid in small 
doses, 1 to 2 grains (0 06 to 0 13 Gm ) per day, has been administered 
by mouth to patients recovering from operation (double partial lobec- 
tomy) for hyperthyroidism In these cases the sudden fall of the level 
of thyroxin in the blood stream is broken, and at the same time the 
brunt of the demand which originally caused hypertrophy and hyper- 
plasia of the gland to occur is satisfied largely, if not entirely, by the 
thyroid artificially supplied The glandular tissue remaining after opera- 
tion IS in this manner given an opportunity to quiet down and pass 
into an inactive state histologically Thyroid medication has been dis- 
continued by gradually diminishing the dose over a period of three 
weeks Further periods of administration of thyroid may be employed 
in the future if there is a tendency to recurrence of the hyperthyroidism 
or if hypothyroidism persists 

It may prove after further experience and investigation that another 
type of diffuse goiter with hyperthyroidism might be benefited by oral 
administration of thyroid, that is, the so-called “lodine-fast thyroid, m 
which the follicles are filled with colloid after administration of iodine 
but m which clinical hyperthyroidism has recurred after escape from an 
artificial iodine remission Further remission cannot be obtained in tins 
type of gland, because successive colloid tamponades cannot be induced 
by prolonged administration of iodine Gradual absorption of the 
deposited colloid associated with atrophy or diminished function of the 
thyroid should, even if complete atrophy cannot be accomplished, at lea^t 
permit an efficacious colloid tamponade after resumption of iodine ther- 
apy Exogenic thyroid, by resting the Inpcrplabtic gland, enable^ it to 
absorb the entrapped colloid As things now stand patients \\ith this 
condition are denied proper preoperatue preparation, and the\ afftirrl 
a relatively poor surgical risk 
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The fate of the colloid in the transition from a colloid goiter in which 
the follicles are bulging with colloid to the atrophic stage m which the 
acini are essentially empty and shrunken is a matter of conjecture The 
epithelial cells may absorb it, or the larger part may be excreted from 
the follicle, after which, the demand of the body having been removed, 
there is temporary cessation of epithelial secretion The small amount 
of colloid present seems to be inspissated The clear cytoplasm of the 
epithelial cells in the atrophic stage would also suggest that, secretion 
having ceased, the follicle once emptied by discharging its contents had 
not been refilled The depletion of colloid might suggest that active 
secretion of the thyroid is chemically bound to it rather than held merely 
by adsorption, in which latter case the colloid, acting as a mere vehide, 
would remain after consumption of the secretion 

The histologic appearance of the stage of atrophy, if observed without 
knowledge of the microscopic appearance before and after the onset of 
this stage, would give the impression of a chronic inflammatory process 
associated with diffuse and pronounced destruction of the parenchyma 
of the thyroid The apparent fibrosis, the atrophic folhcles, which m 
many fields appear as cordons of epithehal cells without a lumen, the 
dense desiccated colloid, and the pronounced infiltration of the paren 
chyma with small lymphocytes, even forming germinal centers, m many 
ways corresponds with the histologic appearance of struma lymphm^^ 
tosa of Hashimoto It will be recalled that the last-mentioned con itm^ 
IS supposed to be a forerunner of Riedel’s struma The 
appearance of the thyroid in cases of cortical atrophy of the adren ^ 
which there is atrophy of the thyroid histologically with marked m 
tion of the lymphocytes is similar to that described here 

MacCallum ^ called attention years ago to the infiltration 
struma of the thyroid gland with small lymphocytes in patients 
with hyperthyroidism It is thus interesting that in the patien 
an artificial hyperthyroidism has been produced the t ^ ,j, 

atrophic, is everywhere invaded with these cells, the concen 
certain areas simulating germinal centers After a minis 
thyroid by mouth has been discontinued and hypert yroi isrn 
sided, biopsy reveals that the lymphocytes have 
from the gland It may be that the thyroid secretion as a 


effect on the thymus fructurc 

From the sequence of changes noted in the 
the thyroid gland following oral administration ° ^ ,n,«h‘ 

seems possible that the mechanism of secretion of J cli^char,’<J 
continue to function even hyperactively, but the me 
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of this secretion into the blood stream may, for unknown reasons, fail 
As a result, storage of an excess amount of colloid in the follicles would 
occur Secondary pressure effects, such as ballooning of the follicles 
and pressure on the follicular septums with flattening of the lining 
epitlielium, would follow, resulting m the histologic appearance of simple 
colloid goiter 

One point would seem very likely, i e , that two separate functions 
are fulfilled by the follicular epithelium, one the manufacture or secretion 
of thyroxin and the other the release of thyroxin into the blood Inter- 
ference with the balance of the usually smoothly functiomng mechanism 
will produce extensive histologic changes within the gland and physio- 
logic disturbances m the organism as a whole 
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the u^sual scienhfiJ'^ written purposely m a style that is entirel> foreign to 
the problem with it ^ h follows a strict cut and dried pattern, stating 

closing- the art I clinical notes and discussion, then 

does not follf r' ‘=«n‘=J‘^3ions Probably the mam reason that this discourse 
brnean T ! IS believed thi. will be enjojed 

human reJai ° prime, endowed \vith that gift of the warmest 

for com th j maintained his students’ utmost interest by striving 

Althoncrh new, ifferent from the ordinary and entirely free from dulnas 
nothin p- f ff ^ seem to lack the genius of Dean Lewis and contains 
Furthp ^ doubt expresses the opmions of many general surgeons 

, ’ ^ may ring out many truths not to be found in much of the literature 

r ^ most common of surgical conditions It is believed that even in the most 

u Journals an occasional publication of this type will be welcomed 

by the physiaan 


The appendix should be remo-yed at the earliest possible con* 
venience ” 


Most surgeons become more convinced of the truth of this state 
ment -with each year of their experience and wonder why there was 
ever created a small, wormhke rudimentary hollow tube at the begia- 
nmg of the large intestine m practically every mammalian At times 
It seems its sole purpose is to cause pain, suffering and death, and at 
the same time to give the surgeon the opportunit}'^ to do some of b*’ 
most noble work Yet in spite of surgeons’ most noble efforts and 
study -with marked modern scientific advancements, the appendiv, 
the role of the most common and most prevalent major surgical problem* 
still brings to persons of any age a dangerous and treacherous con 
dition This ominous, degenerate small organ, as it has done in the pa=t> 
continues to pay many a young surgeon’s bills and brings him mto tl'^ 
lap of luxury in some instances, a fact of which most surgeons are i''- 
aware, nevertheless, m most instances the surgeon’s recompense*, 
matter how great, cannot match the service he is rendering tiie pata"' 


by removal of this structure 

After thirty-four years of general surgical practice, in which app^^-' 
mately 2,500 appendixes have been removed and during w hicii the nia^ 
statistical and scientific accounts m medical journals from %arioU3^ 
tions of the country have been appraised, medical and surgical e 
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attended and the medical and surgical fads mixed with real saentific 
progress observed, one cannot help acquiring a definite philosopron 
ppendix, some of which has already been expressed 
IS community, from the rural settlement to the largest metropolis, 

IsTuch Z “bellyaches” and 

as such are aU candidates for possible trouble with the appendix Edu- 
cating them to regard with concern the common “bellyache” has done 
muc to ring these persons to the physician early In spite of this, 
instinct seems to tell many that to move the bowel wiU relieve the pain 
while others procrastinate ^vlth the ice bag and remedies “of great and 
ow e^ee, and after failure of these finally see the physician Avoid- 
ance of laxatives and of procrastination is the only salvation for the 
person with an angry or poorly behaved appendix A crusade against 

ese wo factors seems to be the main point of attack to reduce the 
ire y too high mortality rate from disease of this degenerate organ 
Because of laxatives and procrastination, together with individual 
peculiarities of development and reactions as varied as people themselves, 
t e surgeon has to be prepared for almost any type and condition of 
appendix when he begins his search Most surgeons may have a good 
1 ^ of what they mil find and how, why, where and when they will 
nd It before they operate, but there is not a surgeon living today, nor 
as there been one, no matter how great (except the Great Healer) nor 
IS it believed there wiU ever be one who can foretell the findings each time 
efore the abdomen is opened Even after opening of the abdomen, on 
some occasions great surgeons have been baffled But once the appendix 
IS found and identified as the culprit (and even when it appears innoc- 
uous but no other criminal is identified), two problems remain, namely, 
what technic shall be employed in the handling of this degenerate and 
what after-care shall be given the rest of the body to uhicli the appendix 
IS doing or may do harm 

Diagnostic methods, surgical technic and treatment including that 
following operation, are well taught to the present student in the approved 
medical school and internship Logic explains that practicall} every sur- 
geon and physician wishes to see his patients do well, and to this end 
he will strive to develop the best methods and technic possible Pfc 
will try i:o improve and adapt to his oun peculiarities and best abilities 
that which he has learned from school, internshipb, climci>, journals 
3nd probably most of all, his experiences Consequently, surgical 
methods and after-care and treatment, although in most instances simi- 
lar, show minor differences almost as Mried as the surgeons themschcs 
with the end results of the conscientious ones practicalh the same One 
occasionally wonders win two surgeons in opposite corners oi the con- 
tinent emplo}mg different methods and technics and ha\ing ^omewhit 
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different ideas, manage to get the same end results m their honest 
statistical columns, while each using the other’s method would meet with 
disaster Possibly this may be explained by the fact that each surgeon 
has learned to know his abilities, his shortcomings, what he can accom- 
plish and dare try or do, together with the fact that he knows his com- 
munity and Its people and has developed his own special methods and 
technic 


Technic and method of dealing with the appendix m Bismarck, N D, 
are presented in the following story in resume of a thirty-four year 
period Probably all over the United States surgeons have encountered 
identical or slightly varying experiences, the story of which might read 
similarly to this one 

Impressed with my training in the chnics of J B Murphy, A J 
Ochsner and my other instructors, I set out in surgical practice in tins 
small western community Still fresh in my memory and ringing m my 
ears were some of the words of advice and wisdom of these great sur- 
geons — ^words and truths that have stuck with me and proved their 
worth for thirty-four years „ 

“Pain without fever — appendicitis Fever without pain ’typhoid 

“Sudden or acute abdominal pain — appendicitis until proved other 
wise Always give the patient the benefit of the doubt ’ 

“There is no argument whether a patient has appendicitis or not 
remove the appendix ” 

“Pain, nausea, tenderness, then temperature ” 

“There is no honor in removing a ruptured, gangrenous appen 


It should have been removed before it ruptured ” 

With these and many other maxims I began my surgical activi 

It did not take long to find that the majority of my 
they have continued to be, were cases of appendiatis uc ^ 
sorrow, a large percentage of the patients were not seen ear y, , 
had frequently been m the Chicago clinics, but instead came m y 
and tram from points hundreds of miles away, with a 
ditions days or weeks old Appendical abscesses an ^^p 
gangrenous appendixes seemed more frequent than I a 
they would be Schools and teaching clinics were not ora 
munities where their patients had so many miles to 
some education of the public had taught them not o apptn 

remedies for “bellyaches” I soon found my'^self reccnt-d tl*- 

dical abscesses Once the abscess was drained, t e pa le g 
Murphy drip per rectum and hypodermoclysis nit ^ Uaiiiaf-' 

tion (physiologic solution of sodium "^ouate fluid 

then), managing to obtain what morphine stcmtd not o-l 

otherwise than by the oral route Plenty o P 
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to make these patients more comfortable but to hasten their convales- 
cence, as It has continually proved to do Most of my patients, some- 
times surprisingly even to me, although draining unbelievable amounts 
of foul pus, got well I then wasted no time in explaining to them that 
with their recovery they should be sure to return and have the appendix 
removed in the near future That was a different matter, for once a 
human being is feeling well the future seems to be forgotten I waited, 
but many did not return as advised, and frequently those who did were 
forced to do so because once again they had an appendical abscess 
Once again I could only dram the abscess and impress on them that 
this time they must return to avoid a similar experience 

Gradually I began to wonder why some of these patients with appen- 
dical abscesses could not have their appendixes removed at once, since 
frequently they failed to return as directed Consequently, just before 
the United States entered the World War I began to remove more and 
more appendixes, taking the greatest care not to spread the infection or 
break down nature's resistive barriers I found that my mortality rate 
did not increase From that time on I removed more and more appen- 
dixes Thus it has not been necessary for the patient to return, and 
the end results have been apparently as good as previously I have read 
the numerous fine reports of surgeons who have decreased their mortality 
rates by postponing operation in certain select cases, parenteral fluids, 
morphine and conservative measures being used until masses in the 
nght side have subsided In this western community I have hesitated to 
do this (although occasionally there is a case in which I postpone opera- 
tion), and in comparison my mortality figures seem favorable, with the 
advantage that the patient has the appendix removed without the risk 
of a later surgical procedure My best end results are obtained by 
removing the offending organ when possible and as soon as possible 
after a diagnosis of some type of appendical disturbance has been made 
It goes without saying that after traveling miles many of the patients 
are tired, cold and in mild shock, and for these it has been found desir- 
able to wait, frequently as long as eight hours, until they are rested or 
the shock is relieved, before submitting them to operation 

In the diagnosis of appendicitis I have found that a carefully taken 
history and a careful physical examination are usually all that is neces- 
sary In the early days I did not have the benefits of blood counts 
differential counts and “shifts to the left ” but I soon learned not alui>s 
to depend on the blood count Often the patients histor\ alone was 
worth a dozen blood counts Helpful as laborator) procedures In\e 
been, they are not to be trusted explicitly at am time and uith them 
as with other diagnostic methods, I have failed as does c^er\ one 
to make the correct diagnosis in some cases With lime it has Inetune 
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itll ,0 r ‘ho ohdomen, J e«n 

f ' proper solution of the problem 

With ill '\r'p*' \\hich drainage was required I found that even 

J lypo of incision a postoperative hernia would occa- 

♦ 1^ occurred to me that if I made this incision farther 

11 1^^ ^ ^ abdominal pressure and consequently 

1 > \ ess c lance of herniation As the appendix is usually opposite 

le anterior superior spine, I began making my incisions mucli closer to 
ns anc tow arc! the side, usually about 1 inch (2 5 cm) from this 
pa pa c prominence Not only did this ty'pe of incision seem to afford 
Ti ^ approach and better drainage, but it did away with hemiahons 
irou^ 1 the years I have considered this tvpe of incision the one of 

a t a 1 a r^ e incision IS not necessary, but this 
one can be enlarged without difficulty When I cannot accomplish 
through this incision all that is desired, I have alw'ay's remembered tiiat 
this incision can be quickly closed and a new^ approach made through 
a right rectus or a midhne incision, remembering that these other types 
of incisions arc apt to increase morbidity^ Once through the skin and 
external fascia, the external oblique muscle is mased m the same 
diagonal approach The W'ound is retracted towmrd the midhne, and once 
again exactly opposite the anterior spine a nick is made in the aponeu- 
rosis of the internal oblique muscle I usually tell my assistants that 
they should have no trouble finding this point, for the point of incision 
is labeled by the fibers making a V which points toward the anterior 
superior spine A forceps is then placed in this incised nick, and the 
fibers are spread down to the peritoneum, wffiich is picked up, and the 
abdominal cavity is opened In closing the abdomen two continuous 
sutures in this aponeurosis are usually adequate 

During my student days it was of interest to me to note how lon^ 
it took some surgeons to find the appendix It seemed to be right under 
their fingers, and I often wondered why they did not just pull it 
I decided early to try to develop a definite method whereby I wou 
not have to feel so long for the appendix, realizing that use of si^ ^ 
greatly aids the search This early decision brought out the fact t 
by beginning opposite the anterior superior spine and guiding my 
posteriorly along the parietal peritoneum toward the midhne I 
encountered a fold of the peritoneum holding the cecum or 
(not the mesoappendix), and by hooking my fingers under this 
pulling gently upward and toward the wound I frequently broug 
appendix into view Many of my assistants have learned to 
method, and, although it is known that it does not work in everv 



513 


ROAN— THE APPENDIX 


seems to be worth wlnle in the majority of cases, so that a prolonged 
search IS not necessary Every new assistant I have is told of 
method and is^advised to look in the anatomy books for this “appen- 
ica igament which he usually does, returning with skepticism but 
soon saying. It sure works and saves time hunting for the appendix ” 
It has always been necessary for me to buy my own catgut in the 
community and local hospitals I soon found that with a satisfactory 
technic It was not necessary to use more than one tube of catgut for 
the whole appendectomy, silk being used for the skin My assistants 
soon find that it is not necessary to use more than one tube of plain 
catgut Lately I have watched some of my assistants use silk and have 
noted articles favoring silk over catgut, but after thirty-four years I 
am in no hurry to change 


For plain acute appendicitis, clamping and cauterizing with phenol 
neutralized with alcohol has seemed to serve me well, the stump being 
led and inverted in a purse-string suture After the purse-string suture 
IS tie the strings are left long and placed around the mesoappendix, 
an It IS ligated and its clamped forceps released, this being brought 
directly over the cecal area of the appendix Occasionally this cannot 
be accomplished, and a separate tie around the mesoappendix becomes 
necessary, but this has worked out well in the majority of my cases 
When I have had the opportunity to inspect this later it has presented 
a smooth area, free from any adherence to the abdominal peritoneum 
For the gangrenous appendix, for the ruptured appendix and in cases 
m which a purse-stnng did not seem advisable I merely tied off the 
severed appendical stump I found that occasionally fecal fistulas were 
occurring To avoid this I developed a method of putting a few sutures 
m the severed stump of the appendix, usually above the clamped forceps, 
and then tying the stump below this suturing, which was also tied 
After this, fecal fistulas became a rarity, but how this was accomplished 
and why I do not know 


The matter of drains was always of interest to me I have carefull} 
watched the numerous articles on drains, including their uses and 
abuses I admire surgeons who get excellent results in closing abdomens 
that I would perhaps dram, yet I feel that m^ end results are comparable, 
with just as few adhesions and not much longer periods of hospitaliza- 
tion I have noted the many articles proving that the peritoneal ca\ity 
cannot be drained and that it is foolish to try to dram it, still I like to 
see drams go into the abdomen when I feel it is necessar} I like to 
use the common Penrose rubber dram At one time I found tint 
occasional subphrenic or pelvic abscesses were following ‘'purulent appen- 
dectomies To avoid these abscesses I began putting down one dram 
toward the pehis and one toward the Iner besides the third down to 
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ihc apptiulical ‘itiuiip in tliL ‘’purulent eases ” Since then I have used 
three (Iranis in tliib manner StudeiUs fresh from internships, assishng 
me, ha\e woiulered il 1 wa^ not si)readin" pus by placing the drains in 
this manner 1 hc\ tound to their surprise, as I had known they would, 
that the patients got well without pelvic and subphremc abscesses and 
W’hen followed in alter \cars did not seem to be troubled with adhesions 

Alter the war I mtruduced dextrose solution into Bismarck for the 
first time This seemed to be of considerable benefit for patients 
requiring drainage, but I still dread to think of the chills that used to 
occur I man el now at the mtraioiious solutions available and the ease 
of giving adequate parenteral fluids In tact, because of this ease I 
have cautioned in\ helpers against too much of the electrolytes 

There arc many more things tliat could be mentioned in this story 
of the appendix, such as stomach tubes w ith modem suction bottles tor 
distention, positions of the patient, hot abdominal packs, blood transfu- 
sions, the use of oxygen and many more factors, dowm to the use of 
modern chemotherapy' 

I know that iny methods and technic w ould perhaps not w ork as well 
for other physicians m other communities as they have for me Lik^ 
wise, I am certain that the methods of others would not ivork so 
for me 


I have alway s been convinced that the important w'ork of the surgeon 
is not the spectacular procedure lasting a few minutes m the operatnio 
room but the careful, tedious and painstaking preoperative and 
operative care As a result of this conviction few of my patients n 
appendicitis die, and the majority go home without turther trou 
far as the appendix is concerned 

Because of all this, a campaign to reduce the number of deat 
appendicitis should be directed not toward individual surgeon s me 
but rather, as has been mentioned, toward education of the iaity a 
the danger connected with procrastination and the use of 
Medicine presents its greatest service m the field of 
There is no honor in seeing through convalescence a patient w i 
fever that could have been prevented Similarly, there j^eeii 

removing a ruptured or gangrenous appendix which shou a ^ 
removed before it ruptured Unfortunately, the surgeon 
for the prevention of appendicitis anything comparable to t e p^^ 
measures available for smallpox, diphtheria or typhoid niea- 


nature of the process it is difficult to conceive of any thai 

sure other than removal of the appendix I do not 35 he 

one should go to his physician for a prophylactic at 


one snouia gu lu mis lui a p,,rohIe 

would go to be vaccinated, although it is entire y cone ^^,11 

some time in the future the prophylactic removal o 
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involve no greater risk or reaction than do present day vaccinations 
At present the anesthetic dangers, the risks connected with any surgical 
procedure and the possible bad results from the surgical procedure 
itself do not justify wholesale routine appendectomies It is believed 
that a prophylactic appendectomy is justified and decidedly to be encour- 
aged for any person who has had symptoms of appendicitis, no matter 
how mild, for recurrence of appendicitis is the rule rather than the 
exception No one knows when this recurrence may occur or how 
severe it may be, and occurrence of an attack when one is on a hunting 
trip or otherwise isolated from the advantages of modem surgical skill 
might prove fatal This has occurred sufficiently often in the experience 
of every surgeon practically to justify this type of prophylaxis 

The appendix will always be with man, for it is known that a race 
of persons who have all had their appendixes removed will not beget 
a race without an appendix The appendix, like all degenerates, seems 
to be ever a bad actor, and never will the surgeon dare trust its behavior 
In reviewing the problem over a penod of thirty-four years I some- 
times wonder whether, instead of carefully preserving and sectioning 
each appendix and studying it pathologically, it might have been just as 
well to have saved the appendix and every so often to have gone on a 
fishing trip and used it for bait If the appendix turned out to be won- 
derful fishing bait, probably many more persons would not procrastinate 
and take laxatives but would see the surgeon early so that they might 
use It for fishing Appendixes then might be at a premium, and a 
markedly lowered death rate from appendicitis would no doubt be the 
result, together with a healthier race, benefited by the relaxation of 
fishing 



OSSJFV]N(, llEM>\LOM‘\ 


and allied conditions 


MUIIUR M SHIPLEY, MD 


u'hi 'll Obbilitaiib traumatiLa ib the most trequently used term under 
u'lfl >1 ^inidar Icbions are described This name is 

C} hterature to designate a condition, not including 

mar} ca Ub, abbociated \\ itli the reaction of certain tissues to trauma 
ac structures involved may include the bone itself, the periosteum, the 
iiusc e and its fascial sheaths or the tendinous attachment of muscle to 
one ther names are used to indicate these abnormal bony masses 
exostosis, myositis ossificans circumscripta and aberrant exostosis 
not ler condition bears a strong relation to this group and is sometimes 
me u ed with it , the occasional formation in scar of bony tissue, espe- 
cia y after operation on the urinary bladder and m the upper part of 
the abdominal wall 

Ossifying hematoma is usually included in this group also, but this 
term is not widely used In this condition the periosteum is believed 
to be stripped up from bone, and the space between the two tissues fills 
with blood, which is gradually replaced by osseous material Whether 
this conception is accurate or not, the actual lesion is sometimes confus- 
ing, as it may bear enough resemblance to periosteal sarcoma to give 
the clinician, the roentgenologist and the pathologist a great deal of 
anxiety 


These conditions should be sharply differentiated from the calcareous 
and bony deposits associated with chronic infection, from all tumors of 
bone and from the various bony dystrophies 

The occurrence of aberrant bony growths in voluntary 
whether or not in contact with the underlying bone, has been 
and recorded m the hterature since the seventeenth century In 1 
Bullrak differentiated two types of the condition The first was t ^ 
rather rare and fatally progressive form, usually commencing m the spma 
muscles The second he described as a localized, self-limited fonn 
involving a single muscle By the end of the century sufficient case= 
had been added to the literature to make it apparent that the self-hnuR 
form was more than a curiosity and that it was associated witli trauiiw 
in a high percentage of cases Since then the rapidly increasing 


Dr Roland E Bieren aided in the collection of data for this 
From the Department of Surgery, University ^f Maryland, and the sn » 
service of University Hospital 
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of the roentgen ray has facilitated diagnosis, and many cases have been 
added to the literature The incidence is undoubtedly higher than has 
been reported, as many patients are practically asymptomatic and either 
are not brought to medical attention or are discovered incidentally after 
the lapse of many years 

The name myositis ossificans is a confusing one The lesion involves 
primarily the fascial connective tissue, any muscular changes being 
secondary and degenerative Although there is frequent observance of 
histologic changes due to inflammation, this is the normal reaction of the 
tissues to hemorrhage Actual infection is rare in connection with this 
lesion, except possibly as a secondary postoperative consequence After 
the osseous mass is removed it is usually impossible for the pathologist 
to determine whether the bony tissue was attached to bone, developed 
in muscle or other tissues of the body or was removed from an operative 
wound or a sinus tract unless portions of the surrounding structures 
are attached to the specimen 

There are three anatomic possibilities as regards the bone itself and 
the attached or adjacent muscle 

1 With the first type there is involvement of the bone without 
extension into the muscles Excluding from consideration true bone 
tumors, the cartilaginous and bony overgrowths associated with growth 
and hormonal disorders and the osteodystrophies, there are found a 
number of lesions that cannot be differentiated from myositis ossificans 
histologically The process is the same, i e , abnormal osteogenesis 
The only difference is that there is no extension into adjacent muscles 
The simplest example of this type is the overenlargement of normal 
bony prominences often seen in the bones of the extremity in mus- 
cular, well developed persons This falls within the limits of reasonable 
hypertrophy When, however, this condition progresses to the point 
of functional disability or the formation of a definite mass it must be 
considered pathologic ‘‘Rider^s bone** is an example of this type, and 
the bayonet-like projections of bone into the soft tissues that have been 
reported from time to time belong in this classification also 

2 The second and most frequently described type of localized ossif}- 
mg myosihs is a combined lesion, m that it involves both the muscle 
and the underlying or adjacent bone The bony mass may be firmly or 
only partially attached to the shaft and may extend for var} mg degrecb 
into the muscle 

3 The third type is that occurring entirely in the muscle with no 
demonstrable connection to bone and usually with a \\ell defined capsu e 
or penosteum-hke covering of its own There might also be me u e 
in this group certain of the aberrant sesamoid bones Perhaps lesions 
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winch are ficciuciuK destrihcd as sohtarv locali/cd exostoses may be 
the result of processes simil.tr to thtisc involved in myositis ossificans 

'\benniu osteogenesis is not limited to the skeletal system and 
voluntary muscles 1 rue bone formation has been described as occur- 
ring m the meninges, brain, arteries, lungs, iyniph nodes, stomach, kidney, 
renal pehis, ureter, liladder and skin, as \sell as in benign and malignant 
tumors and. indeed, almost anywhere in the body' 

I he meehainsm of aberrant osteogenesis has been satisfactorily 
explained in tuo nays Ihc first is by' o\e‘rstnnnlation of normal osteo- 
genie processes and necessitates the presence of normal bone or of 
detached fragments of periosteum or bone This has been amply demon- 
strated by clmieal and experimental e\ idence The second mechanism 
IS that of metaplasia ot eoimeetive tissue* cells into bone-forming tissue 
The occurrence of metaplasia has long been recognized by pathologists 
and experimental workers, although its exact mechanism is obscure 

The following etiologic observations seem reasonable and well estab- 
lished 

1 Aberrant osseous formation is not a normal reparative process 
If It were it should follow many fractures and contusions, whereas its 
occurrence follow mg fracture is rare, and it does not often result from 
closed injuries of fascia or other tissues 

2 The most frequent single etiologic factor is trauma of the closed 
type, either single and severe or repeated and chronic 

3 Hereditary predisposition has been suggested There is not yet 
sufficient information to give this belief any support 

4 The systemic condition of the patient has not been observed to be 
significant The lesion commonly occurs m healthy, well develope 
persons The values for blood calcium, phosphorus and phospliatase, 
when reported, have shown no deviation from the normal There bas 
not been demonstrated any disturbance of the acid-base balance of the 
blood There has been no evidence of parathyroid or any other hormon 
imbalance 

5 Most observers believe that the local reaction of the tissues 
involved is the important etiologic factor m all of these lesions Jus 
what conditions are necessary to the formation of these lesions is no 
understood Extravasated blood may play a part Certainly calcium, 
phosphorus and phosphatase are apt to be present 

6 It has been suggested that the presence of synovial membranes 
has favored the development of these lesions in some instances, 

about joints There has been httle evidence to support this view 

converse is more apt to be true jj 

There is no definite age incidence Myositis ossificans, as u 
described, is more apt to be seen in young, active persons, because 
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ossiiymg hematomas 

Ihe bony outgrowths believed to be due to excessive activity of certain 
muscles or tendons at their skeletal attachments should develop durine 
the active years of life but may not be evident until later 

Certain muscles are predisposed to the development of myositis 
ossi cans The neighborhood of the elbow jomt is a favorite site, either 
m the brachiahs anticus muscle or lateral to or behind the joint as a 
late complication of backward displacement of the elbow Two other 
muscle groups are predisposed, by reason, perhaps, of exposure to 
trauma tlie quadriceps extensor and the addiu tors of the thigh 

The development of the chronic type of lesion is usually complete 
when seen This fact is a valuable aid in differentiating these osseous 
masses from sarcoma. Trauma may be detimte, or it may be obscure 
or even absent The history is that of gradual development or the 
sudden noticing of a firm mass which usually is not tender or is only 
slightly so If it IS in a position where it causes pressure on important 
structures, the annoyance suffered by the patient calls it to his attention 
If It IS m a silent location it may be present for years before it is inci- 
dentally discovered 

The course of the acute lesion is more ciearcut After trauma a mass 
develops This is clinically diagnosed as hematoma It is somewhat 
doughy, and m the subsequent six days to tliree weeks, instead of resolv- 
ing it becomes firmer and may even increase in size This is, m turn, 
followed by definite ossification demonstrable by roentgen examination 
Bone spicules have been seen roentgenologically as earl}^ as six days 
after injury, and distinct ossification is usually present at the end of six 
weeks When there is no involvement of nerves or joints there are 
few subjective symptoms The presence of a mass and slight tenderness 
to firm pressure are often the only evidences of trouble 

Growth IS self limited and usually tends to become stationary after 
SIX weeks, but the mass may vary in size and consistency over a period 
of SIX months There are some reports of gradual disappearance of the 
lesion without treatment In many cases there are both clinical and 
roentgen diminution before the mass becomes stationarj^ 

When an area of myositis ossificans is exposed at operation it is 
usually found surrounded by a semigelatinous substance %\ Inch appears 
to be the result of muscle degeneration Just under tins tissue there is 
usually found a fibrous capsule that acts much as penosleuni does in 
separating bone from ‘^surrounding structures If the mass is sub- 
periosteal It has no capsule of its own and is entirely beneath the dis- 
placed periosteum of the bone involved, as m exostoses or osteoim Ii 
the mass extends into the adjacent niusele its capsule nn\ be coiUinuou'. 
with and is probably partly at least derned from the periosteum oi die 
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underlying bone Usually the periosteum and the capsule are mdis- 
tinguishably fused at the junction Cystic changes are not infrequently 
observed 

Histologic examination m the early stages shows organization of blood 
clot, hyperplasia of connective tissue and degeneration of muscle fibers 
(when muscle is involved) Some degree of chronic inflammation typical 
of tissue reaction to interstitial hemorrhage is usually observed This 
IS followed by the appearance of islands and spicules of osteoid tissue 
Islands of cartilage are of frequent occurrence and are apt to be seen in 
the earlier stages The late appearance is that of adult organized bone 
with marrow cavities, an organized fibrous stroma and a definite tendency 
of the peripheral portion of the mass to form a capsule Simple calcifi- 
cation of connective tissue may also be present Myxomatous tissue is 
not imcommon 

It IS interesting to note that lesions removed during the course of 
spontaneous resolution may show definite osteoclast activity, with bone 
destruction and absorption It is also interesting to note that occasionally 
a few of these lesions behave like normal bone in being subject to attack 
by further pathogenic processes In 1 case observed by my associates 
and me, previously described by Cone, there w^as a resemblance to osteitis 
fibrosa cystica, with gross cysts and numerous giant cells In a case 
collected from the literature and in 1 of our own cases there developed 
a spontaneous, apparently hematogenous suppurative process analogous 
to acute osteomyelitis Four cases have been recorded in the literature 
of the development of osteogemc sarcoma in preexisting myositis 
ossificans traumatica No records have been obtained of the subsequent 
involvement of these lesions by tuberculosis or syphilis, although the 
possibihty of such involvement seems not unhkely 

In a paper read before the Western Surgical Association in December 
1922, Dean Lewis reported his experience with myositis ossificans and 
discussed the interesting bony masses that are occasionally found in the 
scars of abdominal incisions These masses are most often seen after 
operations on the stomach or urinary bladder The acid gastnc juices 
and the urine raise an interesting question Bony infiltration of these 
scars IS usually explained by metaplasia, but it is difficult entirely to 
exclude detached bits of periosteum m suprapubic cystotomies, and Lewis 
has called attention to the fact that a linea transversa m the rectus muscle 
represents the remains of a nb that at one time extended toward the 
midline of the abdomen The undifferentiated mesoblastic cell of the 
embryo may remain quiescent into late adult life, and these cells of 
the mesenchyme may well explain many of the extraskeletal bone masses 
reported m the literature on this subject 

Phemister and Strauss showed that fascial transplants placed m the 
stomach, urinary bladder and ureters became infiltrated with bone It 
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IS known that normal osteogenesis necessitates a relatively high con- 
centration of lonizable calcium and phosphorus in the blood serum and 
that phosphatase is involved in some way in the process In addition, 
there must be a relative alkalinity of the acid-base balance of the ossify- 
ing tissue for the calcium to be deposited as calcium carbonate and 
tncalcium phosphate It seems not unlikely that a local setup of the 
mechanism in the tissues following injury or insult might result in 
ossification 

Ossifying hematoma or subperiosteal blood clot with osteogenesis 
has been reported by a number of observers Baetjer and Waters, in 
“Injuries and Diseases of the Bones and Joints,” described the condition 
Stone reported 6 cases m 1926, and his findings were definite 

In each of the foregoing there was a hard blow and then a hematoma which 
decreased in size and later ossified They were all under the periosteum This 
would make it appear that following the injury there was bleeding next to the 
bone The periosteum was pushed up and gradually stretched into various shapes, 
in which position ossification took place Each tumor was bone entirely covered 
by periosteum Muscle was attached to the outside, but not once was it found 
inside the mass This should be proof that it is not an ossifying myositis 

Bullitt reported a case in 1927, Chian reported a case in 1917, and 
Riddle and Wilson, of Plymouth, England, described such a lesion 
m 1926 

In a considerable series of cases of the allied conditions just descnbed 
there have been 2 that caused my associates and me a great deal of 
uncertainty as to diagnosis and anxiety as to proper treatment Both 
are now believed to have been cases of ossifying hematoma developing 
in close relation with stnpped-up periosteum following trauma, and in 
both the question of diagnosis was the important factor, because both 
patients were sent to us with a diagnosis of sarcoma already tentatively 
made 

REPORT OF CASES 

Case 1 — An 18 year old girl, while ndmg, was thrust against a projecting 
staple in a post by the shying of her horse A somewhat tender area developed 
in tlie region of the left deltoid muscle The pam subsided, but the mass con- 
tinued to grow At the end of about three months roentgen examination was made 
in her home city, and the condition was diagnosed as osteogenic sarcoma of the 
upper end of the humerus Amputation of the arm was advised She was brought 
to us for consultation by her parents, together with the roentgenograms The 
mass was the size of an orange and clinically looked like osteosarcoma The 
history of trauma, however, made us hopeful that the lesion might be an ossifying 
hematoma, but there was a history of steady growth and considerable pain The 
roentgenograms were not conclusive, however, although the bony mass was mottled, 
and there was a faint cortical shadow indicating some walling off of the tumor 
fmm the soft parts There was no evidence of metastasis to the chest Dr Henry J 

a ton the roentgenologist, leaned toward the diagnosis of a benign outgrowth, 
rat icr than csteosarcoma The patient therefore returned to her home, and her 
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SURGICAL PROBLEMS IN THE TREATMENT 
OF CHRONIC ULCERATIVE COLITIS 

HARVEY B STONE, MD 

BALTIMORE 

Those who have had tlie unwelcome duty of caring for any consider- 
able number of patients with chronic ulcerative colitis of the so-called 
idiopathic form realize that the condition presents many problems In 
spite of much conscientious work and many ingenious theories, its cause 
still eludes discovery The medical care of these patients is by no means 
acceptably standardized Relation to other disorders and to complica- 
tions IS obscure The prognosis is very uncertain The clinical course 
IS full of surprises and disappointments Recurrence after years of 
apparent cure is well known, and sudden exacerbation of long-standing, 
mild forms may take place 

It is not with such phases, however, or with the handling of the 
surgical complications, such as perirectal abscess, fistula or stncture, 
that tins paper is concerned, but rather with the proper place of surgical 
measures m the treatment of the disease itself There is wide difference 
of opinion as to this place It would seem that there is a large group of 
physiaans who either are unaware of or disbelieve m the utihzation of 
operative treatment for ulcerative cohbs On the other hand, many 
of the leading medical authorities on the condition fully accept the need 
for surgical intervention at certain times and in certam conditions but 
have no unanimity as to what these times and conditions are The same 
situation exists among surgeons In various publications from the Mayo 
Clinic the impression is given that surgical intervention is a bad last 
resort By other clmics and other surgeons the earlier employment of 
operative treatment is advocated The present paper aims to discuss 
this problem and perhaps to introduce clearer criteria for decisions about 
the part to be played by surgical measures in the treatment of ulcer- 
ative colitis 

One must first understand what surgical attack can hope to do 
After a period in which appendectomy and cecostomy were employed 
to permit irngation of the diseased colon from above downward, the 
failure of this idea has been generally admitted by surgeons experienced 
m this field These operations have been abandoned in favor of com- 
plete transverse ileostomy a short distance above the ileocecal valve The 
principle employed in this method has nothing to do with irrigation of 
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the colon fioni above but ib dcbigned to put the large bowel com- 
pletely out of function and give it physiologic rest Ihis is the principle 
employed in the tieatment of tuberculous dise.ise of the spine and of 
the hip by the use of immobih/ation It is the principle of collapse 
of the lung foi pulmonary disease It goes back to the cpoclial work of 
Hilton on “Rest and Pam ” Ihc inflamed and damaged colon no longer 
has to tianspoit the ingested food Its peristalsis is greatly reduced, 
and distention and mechanical nutation aie lessened These changes 
favoi the healing and lepaiativc forces Tins is sound theory, and ample 
experience of many suigeons and phjsicians has shown that the theory 
often works 

The theory, however, does not always work The clinical course 
of a patient after ileostomy may follow one of three directions The 
colon may heal completely, permitting safe closure of the ileostomy 
opening and restoration of the large bowel to its normal function 
Unfortunately, in few cases does the condition behave in this desirable 
manner More will be said about this fact later, indeed, the purpose 
of this paper is to increase the number of cases falling in the group, m 
which this occurs The second course taken after ileostomy may result in 
great improvement in the patient’s general condition, but with persistent 
evidence of the disease in the large bowel This is the situation that 
led the late Daniel F Jones to say that ileostomy cures the patient but 
not the disease There is often a surprising gam in weight, strength, 
blood cells and general well-being, but there persists a more or less 
frequent discharge of blood, pus and mucus from the rectum The 
proctoscope shows persisting evidence of inflammation in the rectum 
and m the lower part of the sigmoid flexure The barium sulfate enema 
shows a rigid colon with loss of haustration It is obviously unsafe to 
reestablish the alimentary tract by closure of the stoma, as a rapid recur- 
rence of active trouble is to be expected The process is arrested 
but not cured In the great majority of patients subjected to ileostomy 
this course is followed It is an unsatisfactory situation Their lives 
may have been saved, but at the price of a permanent ileostomy opening 
A third outcome may follow ileostomy The progress of the disease 
may not be arrested Progressive fever, bleeding, loss of weight and 
anemia may occui The pathologic changes in the colon may lead to a 
diffuse polypoid condition of the mucosa, and in some such cases 
malignant disease may develop To save the patient the heroic measure 
of colectomy must often be invoked This last couise of events, hke 
the first, occurs in a smaller numbei of cases than does the second 
(arrest of the process without cure) 

The obvious problem for the surgeon is to find a way of greatly 
increasing the first, or completely successful, type of result To approach 
a solution, one may ask the question Why do some lesions heal com- 
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pletely after ileostomy^ In the present state of ignorance as to the real 
cause and nature of the disease it would certainly be presumptuous to 
venture a complete answer, but it is at least reasonable to suppose that 
one factor m the situation is the employment of the principle of rest 
for the colon before that organ has suffered irreversible pathologic 
changes One such change is the extension of the inflammatory process 
from the mucosa into the other coats of the bowel wall, with deposition 
of scar tissue and conversion of the thm-walled, flexible, contractile 
mtestme into a stiff, thickened and shortened pipe There is at least 
some information obtainable as to when this change has taJcen place 
The barium roentgen study of the colon will indicate beginning loss 
of haustration, stiffening and shortening It is one of the cardinal 
purposes of this paper to urge that ileostomy be employed before such 
alterations are detectable, or at least that the earliest indications of tliem 
m roentgen studies be considered sufficient warrant for operation There 
IS surely reason to think that such a criterion would notably increase 
the percentage of cases in whicli the patient is *^cured^’ by operation 
Why does one need to set up a guidepost for operation^ If early 
operation offers so much possibility of improved results, why are not 
all patients operated on early m the disease? The answers are not 
difficult to find In the first place, the unpredictable course of the disease 
causes reluctance to resort to radical measures prematurely In a great 
many cases, even in some of those in which the onset is violent, the 
condition abates and apparently clears up under less radical forms of 
treatment It is natural to hope in each instance that this may take 
place and to defer surgical attack from time to time in this hope For 
this reason frequent study of the roentgen appearance of the colon may 
prove a useful and practical guide to the onset of changes that no longer 
brook delay A second and potent reason for hesitation to resort to 
ileostomy is the nature of that treatment itself When an artificial anus 
IS made through the abdominal wall, there results the need to care for 
fecal discharges, the trouble of providing and wearing dressings or 
apparatus of some sort and the disagreeable odor or fear of odor, which 
IS most distressing to sensitive patients When the fecal fistula opens 
from the ileum there is, in addition, often much difficulty m keeping the 
abdominal skin about the stoma m good condition In many such cases 
a widespread excoriation of the skin develops in spite of all efforts to 
prevent it, and this is extremely painful At times a considerable pro- 
lapse of the ileum may occur, with protrusion of a long piece of intestine, 
that adds to the discomfort and difficulty of caring for the ileostomy 
This mav require a secondary operation to correct it One need not 
elaborate further to prove that treatment by ileostomy carries with it 
many disadvantages , indeed, as some have expressed it, the treatment 
may be os bad as the disease There can be no doubt that this aspect 
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of the matter has had gicat detenciit mfliicnce both with patients and 
physicians against the early employment of ileostomy A third objection 
IS the probability that, once made, the ileostomy opening may have to 
be retained permanently bccaube of failure of the colon to heal These, 
then, are the very poweifiil influences against early resort to ileostomy 
Yet, in my experience, later successful closuie is obtained only when 
early ileostomy has been employed It would seem proper to urge the 
surgeon and the patient not to trust too much in a turn for the better, 
to look frequently for beginning evidence of roentgen changes and to 
adopt the plan of treatment by ileostomy at the first sign of such changes 

This doctrine would be more readih accepted if surgeons could 
devise some type of operation to reduce the distressing features of 
ileostomy A step in this direction has been made b}”- Cattell, of the 
Lahey Clinic, who draws out the stump of the ileum several centimeters 
beyond the level of the abdominal skin and fixes it there This project- 
ing ileal stump can be inserted into the rubber bag which is worn 
during the day and thus permits the collection of fecal discharges witli 
less soiling and irritation of the skin I have employed another device 
m 1 or 2 cases that may prove helpful also A young man was seen a 
year or two ago, whose ileostomy opening, created elsewhere, gave 
great trouble because of intussusception of the bowel above the stoma 
through that opening There frequently resulted protrusion of a seg- 
ment of intestine 20 to 30 cm long, which soon became edematous, 
purplish and greatly swollen, with consequent difficulty in reduang tlie 
prolapse Relief for this condition was sought, and in attempting it 
a method was devised that not only corrected tlie prolapse but in con- 
siderable measure altered the character of fecal drainage There was 
more absorption of fluid, with a less liquid stool and less frequent 
evacuations 

In brief, the abdomen was reopened, and the ileum just above the 
stoma, which had not been disturbed, was drawn mto a U-shaped loop 
immediately proximal to the stoma Eacli arm of this loop was about 
20 cm long The two arms were sutured to each other, and thai a 
wide lateral anastomosis was made, running the whole lengtli of the 
adjacent arms (see accompanying sketches) The ileum was then 
replaced in the abdomen and the wound closed Two results were 
sought by this procedure First, the bulky, self-anastomosed loop just 
above the stoma effectively stopped the prolapse Second, this loop 
with its anastomosis formed a reservoir and peristalsis-clieckmg trap 
for intestinal contents, which it was hoped would slow down discharges 
and aid m absorption of fluid The latter effect was attained in part 
at least, the patient reporting definite improvement in this respect 
Barely a beginning has been made with this method, and certainly no 
conclusions are possible as to its value Perhaps combined with Cattell » 
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projecting stump it would be more eftective The purpose in mentioning 
It here is to raise the problem of operative means of delaying peristalsis 
and promoting absorption in the ileum above the ileostomy and to 
stimulate surgeons in the solution of this problem 

There is another issue of great practical importance in the handling 
of patients after ileostomy — to determine when the stoma may be closed 
with reasonable safety This cannot be based on the general improve- 
ment of the patient It is not uncommon to see remarkable gams m 
weight, with restoration of the blood to normal and absence of fever 
or any abdominal symptoms but with persistent ulcers m the ^'defunc- 
tionated” colon Proctoscopic examination, of course, gives direct 
evidence of the condition of that part of the bowel that can be inspected, 
and until this area has returned to normal appearance there can be no 



Fig 1 — Af right rectus incision mesial to the ileostomy , B, loop of ileum 
just above the ileostomy, drawn out through the mcisiom 


thought of closure of the stoma For the higher portions of the colon, 
roentgen enema studies are helpful in mdicatmg the return of flexibility 
and distensibihty to the wall of the bowel Another test, seemingly not 
widely known, has proved of much value When the colon apparently is 
approaching normal, 1 liter of physiologic solution of sodium chloride is 
introduced into the rectum and, when expelled, is centrifuged The 
sediment thrown down is examined microscopically If a considerable 
number of red corpuscles and leukocytes are found, it is evident that an 
active inflammatory process persists in the bowel When these finally 
disappear, one may safely assume that the time has come to close the 
stoma In my rather limited experience this has proved a reliable guide 
to safety of closure 
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Fig 2 — A, the two arms of the loop are sutured to each other with a con- 
tinuous silk suture, and a U-shaped incision is begun in the adjacent arms of the 
loop B, anastomosis between the two arms of the loop The second row of 
sutures at the back, consisting of a continuous catgut stitch, has been completed, 
and this stitch is continued as a suture beween the two anterior edges of the 
incision C, second row of anterior continuous silk suture The anastomosis is 
completed D, diagrammatic sketch with removal of a window in the anterior 
wall of the loop to show the side to side anastomosis 
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Another group of surgical problems is raised by those patients who 
fail to improve after ileostomy and whose lives perhaps can be saved 
only by total or subtotal colectomy These problems concern the indica- 
tions for colectomy, the preparation of the patient and the execution 
of the resection m stages Since these questions have already been 
adequately considered by others and I have no particular addition to 
make to this phase of the general subject, comment will be limited 
to calling attention to their great practical importance in treatment of 
the most serious type of chronic ulcerative colitis 

SUMMARY AND CONCLUSIONS 

Ileostomy before permanent damage to the colon takes place is the 
best chance of securing a return to normal conditions, and roentgen 
studies of the colon are a guide to the time when it should be employed 
Improvement in the type of operation should be sought to render 
ileostomy a more acceptable form of treatment 

Methods of determining when the stoma may be closed with safety 
are described 



LUDWIG’S ANGINA 


HUGH H TROUT, MD 

ROA^OKE, VA 

Isadora Auguste Mane Francois Xavier Comte, a French philos- 
opher who lived from 1789 to 1857, originated the dictum “You can 
know little of any idea until you know the history of that idea ” 

Perhaps all physicians have speculated to themselves as to what 
concept or idea has fixed the name of Wilhelm Friedrich von Ludwig 
(1790-1865) to a pathologic condition so firmly that the attachment 
has existed for over a century m spite of the natural opposition of the 
members of the medical profession to the association of proper names 
with symptoms, signs or diseases 

In fact, this hostile attitude toward retention of von Ludwig’s name 
in association with the morbid changes he described became so acute 
that m 1892 a heated debate on the subject took place between Delorme 
and Nelaton 

Even m the Umted States, Ashhurst, as an invited guest of the 
Western Surgical Assoaation m 1929, remarked when discussing Lud- 
wig’s angina before that society that there were two schools of thought 
as regards the classification of diseases One group followed the teach- » 
mg of Hippocrates in objecting to the unnecessary multiplication of 
names of diseases and preferred to assign the so-called new diseases 
to their proper place under already recognized pathologic processes 
The other school of thought — the Cndians (of whom I never heard 
until I read Ashhurst’s address) — considered every new symptom and 
every new complication to constitute a new disease 

It IS not necessary for one who knew Dr Astley Paston Cooper 
Ashhurst to state that he advocated the principles of Hippocrates m 
this respect and did so with all the vigor and convictions of a most 
capable surgical philosopher 

It IS interesting to recall that Ludwig’s angle, the angle situated 
between the manubrium and the gladiolus, derived its name from 
Daniel Ludwig (1625-1680), a German anatomist Furthermore, 
Ludwig’s ganglion, a ganglion connected with the cardiac plexus and 
situated near the right auricle of the heart, obtained its name from 
still a different Ludwig, namely, Karl Friedrich Wilhelm Ludwig, a 
German physiologist (1816-1895) However, Karl Friedrich Wilhelm 
Ludwig’s name is not attached to any of the many recording instru- 
ments which he introduced into physiology 
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In the year 1836 a great tragedy befell the German kingdom of 
Wurttemberg The beloved Queen Catherine died, and her death was 
due to a condition concerning which the physicians of that time had 
httle knowledge The affliction which caused her death was described 
as a ^'subhngual phlegmon It is interesting to recall that when Queen 
Cathenne died there was no dental school in Germany In fact, her 
death occurred four years before the founding by Dr Chapin A Hams 
and Dr Horace H Hayden of the Baltimore College of Dental Surgery 
in 1840, which is accredited with being the first school of dentistry in 
the world 

I am unable to ascertain whether Queen Catherine's illness followed 
the extraction of a lower molar tooth, but if it did, I feel confident that 
she displayed Spartan courage, as strength and brute force were the 
only dental requirements m vogue in that period 

Shortly after the death of this popular queen, Prof Wilhelm Fned- 
nch von Ludwig, vice director and Leibarzt of the Stuttgart Hospital, 
at the age of 20 years addressed a medical meeting then m session in 
that city He selected as the subject of his address the condition from 
which the beloved monarch had so recently died About a year after 
this address, Camerer designated the pathologic process from which 
Queen Catherine died as Ludwig's angina, and as such it has been 
known for over one century 

Perhaps it would be both interesting and instructive to review the 
criteria expounded over a century ago by von Ludwig and by such a 
study to estimate how much the tragedy of Queen Catherine's death 
had to do with the continued association of von Ludwig's name with 
the pathologic process which caused the death of such a popular ruler 

Von Ludwig considered that the following conditions should be 
present in order to establish the diagnosis of the condition to which 
his name had been attached for so many years 

1 There should be inflammation of the deep cellular tissues under 
the tongue 

2 The inflammation should begin around the submaxillary salivary 
gland 

3 The inflammation should subsequently invade the neck and the 
floor of the mouth 

4 The condition should run a course which grows progressively 
worse, with death in ten to twelve days or gradual recovery 

Dr John Burke, of the Buffalo City Hospital, presented an excellent 
translation of ‘‘Angina ludovici," together with a biography " ^ 

I think most physicians will agree that these requirements are suffi- 
ciently indefinite to explain the great discrepancy of the mortalit> 
statistics published m reports of deaths from Ludwig’s angina 

1 Burke, J Angina ludovia Translation, Together with a Biography of 
Wilhelm Fnednch \oa Ludwig, Bull Hist ^led 7 1115-1126 (Nov) 1939 
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Certainly a study of the various operative procedures and methods 
of treatment does not disclose a sufficient difference in surgical methods 
to explain the great variation in the relatue number of deaths reported 
by the various authors, the highest mortality percentage being 75 and 
the lowest only 5 

This being the situation, it is reasonable to assume that there exists 
today a marked difference of opinion as to what actually constitutes 
Ludwig’s angina 



Fig 1 — ^Wdhelm Fnednch von Ludwig Presented by Dr Fordyce B St 
John, of New York 

However, I believe that most surgeons of the present time agree 
with those essayists whose mortahty statistics a ary from 30 to 75 
per cent These surgeons include among cases of Ludwig’s angina only 
those in which the patient is desperately ill, sometimes fighting so hard 
for breath that an emergency tracheotomy is indicated even before any 
attempt is made to release the tension in the neck 

While the condition is usually a rapid process, it is also progressne, 
with different symptoms and signs at different stages of its progression 
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Therefore, the treatment of this disease is necessarily like that of many 
other surgical conditions in that a careful, separate study of each indi- 
vidual patient is required 

A recent review of reported cases revealed that when the etJoJogJC 
factor was indicated the condition followed extraction of the lower 
molars or the posterior bicuspids in 82 per cent of such cases In the 
remaining cases such etiologic factors as calculus in the submaxillary 
duct, infection of the sublingual and submaxillary glands, injury to the 
floor of the mouth by pieces of foreign bodies being held in the mouth 
and infected fractures of the lower mandible were found 

Numerous studies of the various bacteria found in the cellular 
tissue under the tongue after incision discloses many diflferent types 
of organisms, and to a large extent bacteria of the same type are also 
found m tooth pockets both before and after the extraction of teeth 
In this group of organisms are to be found many different types of strep- 
tococci, spirochetes and the fusiform bacilli of Vincent and Plaut 

To mention streptococci at present almost automatically brings to 
mind the possibility of the employment of sulfanilamide or one of its 
derivatives both m prophylaxis and in treatment of this type of infection 

The extraction of a lower molar tooth is not, as a rule, a major dental 
problem, but any operative procedure done m an infected field means 
that there is a chance of extension of the infection unless the general 
system of the patient creates a sufficient defense to limit the invasion 
Sulfanilamide can be given by mouth, under the skin, by rectum or 
intravenously m quantities to produce a concentration of the drug in the 
blood stream sufficient to prevent the growth of the streptococcus and 
often to kill this organism even after the infection has extended beyond 
the jaw 

If the gums or teeth to be extracted are badly involved in an infec- 
tion, it may be a wise precaution to develop in the patient a concentra- 
tion of sulfanilamide m the blood adequate to prevent further spread 
of the infection This should be done only with the cooperation of a well 
equipped clinical laboratory Sulfanilamide is not without its dangers 
when administered without the tests, both clinical and laboratory, so 
necessary for safety To produce the desired results in such a patient 
would require several days at the least However, as a rule the condi- 
tion of the patient who is to have a lower molar tooth extracted is such 
that delay of this extent would not be dangerous and might add consid- 
erable safety to the extraction of the tooth It is considered by those 
tamiliar with sulfanilamide that the drug has a distinct place in the field 
of prophylaxis in the extraction of teeth m infected fields 

The natural question tliat now arises is What is the field of appli- 
cation of the drug when the infection has clinically extended beyond 
the primary infected fields The drug might be of definite aid under 
iuch conditions, but such treatment carries witli it one ^c^y dangerous 
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possibility, namely, postponement of operative relief of tension and of 
extension of the infection while one is watching for the favorable effects 
of the drug Certainly under these circumstances sufficient time cannot 
he taken even to test for or to attempt to establish proper levels of sulf- 
anilamide 111 the blood 

I feel sure, from my experience m other fields of infection, that the 
administration of sulfanilamide or of one of its derivatives after the 



Fig 2 — A, diagram showing the molar tooth “off center” and toward the mid- 
hne and the anterior teeth “off center” and toward the outer side B, photograph 
of the lower mandible, showing the same relation diagrammatically presented m A 


relief of tension and the establishment of proper drainage of the infected 
field will prove to be of considerable aid in postoperative recovery pro- 
vided the drug is administered with proper care and control It has been 
demonstrated that from 12 to 15 mg of sulfanilamide to 100 cc of blood 
IS necessary for the maximum benefit Such a concentration cannot be 
obtained quickly if the patient is allowed to consume his usual quantity 
of fluid , therefore, in order to bring up the blood concentration of 
sulfanilamide rapidly to the desired level, the fluid intake of the patient 
is limited to 3000 cc or less for twenty-four hours 
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Sulfanilamide employed as a fine powder has been found of advan- 
tage when placed in the tooth pocket after extractions 

Sometimes there is an ulcer found over an unerupted molar tooth 
and under the gum when the mucous membrane is incised m order to 
extract the tooth Frequently anaerobic bacteria are associated with 
such ulcers In such instances zinc peroxide as advocated by Meleney 
has been found valuable 

The employment of roentgen rays as an aid m the treatment of 
infections in the sublingual and submaxillary spaces carries with it the 
usual dangers associated with delay in the handling of any treacherous 
and rapidly progressing disease which requires immediate surgical relief 
of tension to prevent fatal strangulation 

In addition to the usual dangers, there is the added probabihty that 
after irradiation there will be an increase of tension due to the physi- 
ologic reaction stimulated by the roentgen rays 

As one reviews, even by a brief method, a study of the anatomy of 
the lower jaw and neck there stand out two very important anatomic 
considerations m relation to infections m this region The first of these 
considerations is the fact that the tooth sockets are not in the midline of 
the lower mandible but are “off center The molar sockets are closer 
to the inner than to the outer side This, of course, means that there is 
a very much thinner partition of bone separating the socket cavity of 
the molar teeth on the inner side than on the outer side 

In addition to this anatomic fact, it is important to recall that the 
molar teeth are separated from the underlying fossa of the lower man- 
dible only by a relatively thin partition of bone (fig 3) 

In the existence of these anatomic differences is to be found the 
explanation of the fact that infections are more frequent on the inner 
than on the outer side Naturally, the reverse of this situation exists 
regarding the front teeth 

Of course, the clinical application of these anatomic observations is to 
be found in the fact that one can reasonably expect that any infection 
following extraction of the front teeth will either soon show superficial 
fluctuation or gradually subside Infections following such extractions 
can be watched without endangermg the patient's life, but this is not 
the case with infection following extraction of the molars, for infections 
of this type tend to be deep and hidden under the tongue 

The other anatomic consideration of great importance is the fact 
that the mylohyoid muscle is hung like a broad hammock from the lower 
mandible to the hyoid bone Superficial to this muscle and reenforcing 
It IS to be found the deep cervical fascia of the neck These two struc- 
tures (the mylohyoid muscle and the deep cervical fascia) therefore tend 
to confine infections following extractions of lower molars to the deep 
tissues under the tongue (fig 4) 




Fig 3 — A, diagram of transverse section through the second molar indicating 
how much closer the lower part of the tooth pocket is to the tongue than to the 
cheek Bj section of the lower mandible through the second molar tootli, show- 
ing tlie relation diagrammatically presented m A Cj photograph emphasizing 
how the posterior portion of tlie lower mandible hangs like a shelf over the floor 
of the mouth 
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Fig 4 — A, the superficial fascia B, the myloh>oid muscle The drawing 
demonstrates the attachment of this muscle to the h>oid bone. It also indicates 
the necessit> ot cutting the muscles transversely in order to release pressure on 
the h>oid bone, (From McClellan, G Regional Anatomy in Its Relation to 
Medicine and Surger>, Philadelphia, J B Lippincott Co, 1892, \ol 2, platen - 
and 24 ) 
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Infections confined to the sublingual and submaxillary spaces under 
the tongue are the type usually included under the term of Ludwig's 
angina It is this type of infection which m my opinion requires the 
combined vigilant attention of both the dentist and the physician To 
be more definite, it is my deliberate opinion that if after extraction 
of a lower molar tooth a hard swelling occurs under the tongue it is 
the duty of the dentist to call into consultation the surgeon who may 
have to open up the neck widely and hurriedly m order to save the 
patient's life I know of no more difficult decision than the selection 
of the proper time to operate for these infections As a rule, there is 
no fluctuation to be felt in the mouth — in fact, very little pus is found 
at the tune of operation In the place of pus there is usually a large 
quantity of gangrenous material and other debris, such as is often found 
m other parts of the body where the tissues have been strangulated and 
the blood supply impaired 

As this swelling increases, the base of the tongue is pushed upward 
and backward toward the posterior part of the pharynx to such a degree 
as to interfere greatly with the patient's ability to obtain sufficient air 
through the trachea to supply the respiratory demands Not only is the 
tongue pushed upward and backward, but increased tension is made on 
the mylohyoid muscle With this increase of tension on this muscle, 
there is necessanly an upward and forward displacement of the hyoid 
bone In several days and sometimes in a few hours this tension is so 
great as not only to pull the jaw down but to puU the hyoid bone 
forward and shghtly upward Of course, the fibrous attachments 
between the hyoid bone and the larynx are such that when the hyoid 
bone is displaced the larynx is carried with it With the base of the 
tongue pushed backward to the retropharynx and the larynx puUed 
upward and forward, it is easily understood why the patient fights so 
frantically for breath (fig 5) 

With a patient in this condition any anesthetic is dangerous Fre- 
quently the patient's condition is such as to demand an immediate 
tracheotomy This is usually done with the aid of local anesthesia, and 
then one of the gas anesthetic agents can be administered through the 
tracheotomy tube If the patient's condition is not so desperate as to 
demand an immediate tracheotomy, one of the intravenous anesthetics, 
preferably sodium pentothal (sodium-l-methylbutyl-thiobarbitunc acid) 
can be employed, but even then the tracheotomy set should be handy, 
as these patients sometimes have embarrassment of respiration after 
administration of any intravenous anesthetic 

Whenever an intravenous anesthetic is employed, it should be given 
by the intermittent fractional method of injection Dr R Charles 
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Adams has stated that pcntothal sodnim should not be given to a patient 
who has been receiving sulfanilamide, but Dr Perrin Long has 
expressed disagreement with this view I know of no case in which 
there have been any disastrous consequences which could be attributed 
to such a practice If the patient’s condition is such as to warrant the 
employment of a general anesthetic, my preference is for ethylene 
Preliminary administration of morphia and atropine sulfates aids in the 
giving of any anesthetic Oxygen, carbon dioxide and coramine (a 25 
per cent solution of pyridine betacarbonate in diethylamine) should be 
handy The employment of helium in assoaation with either nitrogen 
monoxide or ethylene has not yet reached the stage of practical appli- 
cation However, helium can carry oxygen through greatly restricted 



Fig 5 — Diagrammatic sketches Note that as the phlegmon increases it 
pushes up the tongue to the back of the mouth and pulls the hyoid bone and the 
epiglottis forward 

respiratory passages, and these patients frequently need quickly all the 
oxygen possible to be obtained 

Certainly if tension is to be relieved in these cases more than simple 
inasion and drainage will have to be done, for as a rule very little pus 
will be foimd Necrotic and gangrenous material should be removed 
Rehn has advocated the routine removal of the submaxillary gland, but 
this gland should not be removed unless it is involved m the inflam- 
matory process or is interfering with drainage Care should be exer- 
cised to prevent the dissection from extending through the mucous 
membrane into the mouth 

Most authorities consider that in this type of infection, extension 
takes place through fascial planes and not by lymphatic channels It is 
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also probable that extension can and does take place by both fascial 
planes and lymphatic routes In any event, it is certain that free and 
full drainage is indicated 

In order to meet these indications the incision should start near the 
angle of the jaw and about 3^ inch (13 cm ) from the border and 
continue to the chin If the infection is bilateral, as it frequently is, this 
incision should continue in the same manner on the opposite side of 
the jaw It should continue through the deep cervical fascia to the 
muscles of the mylohyoid muscle When the fibers of this muscle are 
reached they should be cut transversely The antenor belly of the 
digastric muscle should also be cut transversely By cutting these 
muscles in this manner the pull on the hyoid bone is released, which 
is not the case with any incision which enters the deep structures by 
simply separating the fibers of the mylohyoid muscle I recall 1 case 



Pig 6 — Diagram to indicate the necessity for cutting the fibers of the mylo- 
hyoid muscle and the digastric muscle transversely if traction on the hyoid bone is 
to be released 

m which a transverse division of these muscle fibers allowed the larynx 
to drop back to its normal place, with great relief to the respiratory 
efforts of the patient (fig 6) 

The respiratory relief in this case occurred almost immediately and 
before the incision extended to the involved tissues under the tongue 

In a hfe-saving procedure such as this operation often is, no con- 
sideration should be given to the possible appearance of the scar after 
the patient’s recovery, for only the saving of life is the objective of the 
surgical attack in such cases 

The incision is packed with gauze and left wide open so as to allow 
free and full drainage 

If considered advisable a simple, safe plastic operation in the future 
will often greatlv improve the appearance of the scar, but this is seldom 
indicated 
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RESULTS OF OPERATION FOR APP^\RENTL\ INACCESSIBLE LESIONS 
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Experience has shown that in the evolution of treatment cycles 
occur This may be due to the changing incidence of the disease or to its 
severity Of great influence, of course, are the results which follow 
different metliods of treatment Generally speaking, response to con- 
servative methods of treatment is more likely to occur when economic 
and social changes have improved the general health of the community 
Under such circumstances, routine methods of tlierapy may produce 
an increasing incidence of benefit or cure, which increases further when 
unproved methods of therapy are developed and instituted 

These remarks apply particularly well to the treatment of gastnc 
ulcers As a result of a better understanding of these lesions and their 
earlier recogmtion, while the lesion is still small and without the com- 
plicating features of hemorrhage, perforation and obstruction, relief of 
symptoms and healing of the ulcer have resulted from a medical regimen 
m more cases recently than many years ago The only objection to a 
medical regimen in aU such cases is tliat in some of them the lesion, 
instead of being a small gastnc ulcer, is in reality ulcerating caranoma 
In many such cases roentgen or gastroscopic examinations will not assist 
in the differential diagnosis (table 1) It has been said that a trial 
course of medical treatment serves as a diagnostic aid, for, if the patient 
IS relieved of symptoms, if the ulcer disappears roentgenographically 
and if blood disappears from the stools, then the lesion is benign Clini- 
cal experience, however, has demonstrated that in some cases of malig- 
nant gastnc ulceration these cnteria may seem to be satisfied but the 
lesion does not heal , it only seems to do so, for, as Schmdler ^ has 
shown, the caranomatous process may extend from the margin of the 
ulcer into the crater, obliterabng it 

*In this paper the adjecti\e “cardial” is used in reference to the cardia, m 
contradistinction to “cardiac,” which is generally used in reference to the heart 

From the Di\ision of Surgery, the Mayo Chnic 

1 Schindler, R Gastroscopy, Chicago, Unuersity of Chicago Press, 1937, 
p 257 
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The incidence of malignant changes in gastric ulcers has been stated 
to be from 10 to 20 per cent Walton “ said that the figures of Stewart ® 
are now generally accepted He concluded that in 9 5 per cent of cases 
chronic ulcer becomes carcinomatous and that carcinoma originates m 
a chronic ulcer m 17 per cent Katsch,** however, reported an incidence 
of 20 per cent Fmsterer ® found that in 532 cases of resection for 
gastric ulcer the ulcer was carcinomatous m 141, an incidence of ^‘209 
per cent In 41 the lesion was diagnosed clinically as gastric ulcer, 
and the surgeon concurred in the diagnosis on macroscopic examination 
at the tune of operation, histologic examination by a competent path- 
ologist, however, revealed early carcinoma In 55 cases gastric ulcer 
was diagnosed clinically, but at operation the surgeon and the pathologist 
were able to make a diagnosis of caranomatous ulcer Chamberlain,® in 
Moynihan’s clinic, in a follow-up study of 216 patients treated for 
suspected benign gastric ulcer, found that 9 5 per cent of the group had 


Table 1 — Roentgen Diagnosis tn Seventy-Six Cases of High Gastric Lesions tn 
Which Examination JVas Performed tn 1938 and 1939 



Oases 

Per Cent 

Correct roentgen diagnosis 

67 

83 

Unqualified correct diagnosis 

W 

71 

UlceratUe lesion, unable to say whether benign or malignant 

Incorrect roentgen diagnosis (lesion described as benign when malignant 

13 

17 

and vice versa) 

7 

0 

Negative roentgen report 

2 

3 


died of carcinoma of the stomach Balfour ^ said that the subsequent 
death rate of patients operated on for duodenal ulcer is not greater than 
that of the general population of similar age and sex but that the 
subsequent death rate of patients operated on for gastric ulcer is three 
times as great as that of the general population Gastric carcinoma is 
the most important single factor mfluencmg life expectancy 

The possibility of healing a large gastric ulcer with a crater 1 5 cm 
or larger in diameter by other than surgical methods should be looked on 
with skepticism, for all such ulcers have a tendency to perforate 

2 Walton, J Carcmoma of the Stomach, Lancet 1 1101-1107 (May 16) 1936 

3 Stewart, cited by Portis, S A , and Jaffe, R H A Study of Peptic Ulcer 
Based on Necropsy Records, J A M A 110 6-13 (Jan 1) 1938 

4 Katsch, cited by Hurst, A F (Taranoma of the Stomach, Lancet 2 
1455 (Dec, 18) 1937 

5 Finsterer, H Malignant Degeneration of Gastric Ulcer, Proc Roy Soc 
Med 32 183-196 (Jan ) 1939 

6 Chamberlain, D Partial Gastrectomy for Gastric Ulcer, Surg , Gynec, 
"S. Obst 45 513-517 (Oct ) 1927 

7 Balfour, D C Factors Influencing the Life Expectancy of Patients 
Operated on for Gastric Ulcer, A.nn, Surg 76 405-408 (Sept) 1922 
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per cent were on the posterior wall and 1 5 per cent were on the greater 
curvature The remainder were below the mcisura angularis 

In several of the cases at the clinic the ulcer appeared on roentgen 
examination to be located very high on the lesser curvature, and for this 
reason it was thought that operative removal would be difficult, it was 
found at operation, however, that perforation of the lesion to the 
capsule of the pancreas had given an erroneous idea of the amount of 
stomach between the ulcer and the esophagus In these cases there 
was actually much more unmvolved stomach than tlie roentgenogram 
indicated (table 1) On other occasions the early division of the gastro- 
hepatic omentum at a very high level assisted in mobilizing the upper 
part of the stomach so that unusually high lesions could be removed 
without too great difficulty Two observations led me to study a series 
of patients operated on for benign and mahgnant lesions situated mid- 
way between the inasura angularis and the esophagus or higher These 
were as follows (1) recognition of the fact that the roentgenologic 
appearance of a gastric ulcer can be so mismterpreted that necessary 
surgical procedures may be postponed and (2) a general impression 
that, although removal of a gastnc ulcer is made more difficult when 
it is situated above the mcisura angulans, the mortality rate from the 
operation is not mcreased appreciably Finsterer and Rieder called 
the gastnc ulcers situated m this region subcardial or juxtacardial ulcers 

During 1938 and 1939 at the Mayo Chnic there were 42 cases in 
which operation was performed for benign lesions situated in the cardial 
region, with 1 death, a mortahty of 2 3 per cent (table 2) In 3 the 
lesions removed were polyps, in 2, diverticula, m 1, a leiomyoma, and 
in 1, a cyst Local excisions were performed m 6 of these 7 cases, and 
partial gastrectomy was performed m 1 There were no deaths Thirty- 
five patients who had cardial benign gastric ulcers were operated on 
Twenty-six partial gastrectomies were done for cardial gastnc ulcers, 
with 1 death, a mortality of 3 8 per cent In 4 cases the ulcer was 
excised, and gastroenterostomy was performed In 1 case excision of 
the ulcer was done, and m 4 cases gastroenterostomy was performed 
In these 9 cases there were no deaths 

In 34 cases in which cardial carcinoma was present surgical treat- 
ment was possible (table 2) In all but 1 gastric resection was per- 
formed, that IS, partial gastrectomy in 28 and total gastrectomy in S 
In these 34 cases the mortality rate was 14 7 per cent This mortahty 
rate for operations for mahgnant disease in the upper part of the 

10 Finsterer, H Das cardianahe Magengeschwur, Wien klin, Wchnschr 52 
394-400 (Apnl 28) 1939 

11 Rieder, W Qiirurgische Behandlung des kardianahen Ulcus ventnculi, 
Arch f khn Chir 196 640-655, 1939, abstracted, Intemat S Digest 29 21-22 
(Jan) 1940 
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stomach is m keeping with that following partial gastrectomy performed 
for all types of carcinomas of the stomach in the year 1938 at the dime, 
which was 13 5 per cent (126 cases®) 

The relative incidence of gastric lesions in the cardial portion of 
the stomach during 1938 and 1939 is of interest There were 76 cardial 
lesions among the 542 gastric lesions for which operation was per- 
formed, an incidence of 14 per cent In other words, 14 per cent of 
the patients with gastric lesions who underwent operation during the 
years 1938 and 1939 at the Mayo Clime had lesions located in the cardial 
region Finsterer,^° in the course of 532 resections of the stomach for 
gastric ulcer, found 124 subcardial lesions, or 23 3 per cent 

Table 2 — Operative Procedures and Mortality Rates tn Seventy-Six Cases of 
High Gastric Lesions in Which Operation Was Performed During 1938 
and 1939 at the Mayo Clinic 


All benign high gastric lesions 
Benign gastric ulcers 
Partial gastrectomy 

Cautery excision or excision and gastroenterostomy 
Simple excision 
Gastroenterostomy 
Miscellaneous benign lesions 
Polyposis of stomach 
Diverticula 
Leiomyoma 

Cysts of cardla (all excised except 1 cyst and 1 hemangioma) 
High gastric carcinoma 

Posterior Polya operation 'with or tvlthout modifications 

Anterior Polya oi)eratIon with enteroanastomosis 

Total gastrectomy 

Segmental resection of the stomach 

Transgastric excision of lesion 

Palliative posterior gastroenterostomy 


Mortality 

Bate, per 

Coses Deaths Cent 

42 1 2-3 

35 1 2 ^ 

26 1 3 8 

4 0 0 

1 0 0 

4 0 0 

7 0 0 

3 0 0 

2 0 

1 0 0 

1 0 0 

34 5 7 

16 2 13 3 

9 0 0 

5 2 40 

2 0 

2 1 60 

1 0 0 


Finsterer and Rieder both reported with favor on high gastric 
resection with removal of the ulcer whenever possible, and both advised 
the Kelhng-Madlener type of subtotal gastrectomy, which allows the 
ulcei to remam m situ when it is situated too high to remove with 
safety It is felt that by removal of the greatest acid-formmg portion 
of the stomach more permanent cure is effected In this procedure, 
which was ongmally proposed by Kellmg in 1918 and was described 
and brought into favor by Madlener in 1923 and 1929, resection of 
the stomach below the ulcer is accomphshed by anastomosis of the 
stomach to the duodenum by the Billroth I type of procedure Fin- 

12 Kellmg, G , cited by Finsterer 

13 Madlener, M Ueber Pylorektomie bei pylorusfemem Magengeschwur, 
Zentralbl f Chir 50 1313-1317, 1923, Ergebmsse der ^'palliativen” ResekUon 
beim p>lorusfemem Magengeschwur, ibid 56 2694-2696, 1929 
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sterer has reported anastomosis posterior to the colon of the end of 
the stomach to the side of the jejunum in the palliative resection when 
fixation of the duodenum might cause tension on the suture line 
Lewisohn^^ stated that he does not favor the Madlener procedure, for 
the postoperative results of Madlener’s operation when viewed in large 
numbers are unsatisfactory, the ulcer is not put at rest and gastric 
acidity IS seldom sufficiently high preoperatively to require gastric 
resection for its reduction 

My impression coincides m some ways with these opinions I believe 
that every gastric ulcer should, if possible, be removed by partial or 
subtotal gastric resection or, in less satisfactory conditions, by excision 
with or without gastroenterostomy However, if the patient's condition 
IS too poor to wthstand resection or excision, gastroenterostomy is 
favored, for after gastroenterostomy for gastric ulcer a relatively high 
incidence of achlorhydria occurs, and healing of the ulcer frequently is 
obtained The mortality from such a procedure for chronic gastric 
ulcer in 228 operations, Eusterman and Balfour stated, was 1 7 per 
cent, whereas in 540 cases of gastroenterostomy for acute, subacute 
and chronic gastric ulcer it was 3 9 per cent Many of the patients for 
whom the operation was selected were poor surgical risks, or their 
condition was considered unfavorable for gastric resection, yet the 
results were good, for Eusterman and Balfour found that 79 per cent 
of 100 patients with gastric ulcer for which gastroenterostomy was per- 
formed were well five years after operation, and 4 per cent were fairly 
well Eusterman and Balfour stated that the operation protects against 
reactivation of the ulcer in more than 90 per cent of the cases and also 
protects against perforation and obstruction 

Clagett and I, in a study of 272 consecutive operations for gastric 
ulcer performed at the Mayo Clmic from Jan 1, 1933, to Jan 1, 1937, 
reported that 16 patients had undergone posterior gastroenterostomy, 
and 5 anterior gastroenterostomy with enteroenterostomy Fourteen of 
these patients reported that they were in excellent health without distress 
of consequence after this type of operation, and 1 reported occasional 
mild distress There was no report from 5 of the group The average 
gam m weight was 15 pounds (6 8 Kg ) One hundred and sixty-two 
of the 272 patients underwent partial gastrectomv 

14 Lewisohn, R Problems in the Surgical Treatment of Chronic Duodenal 
Ulcers, Ann. Surg 111 355-361 (March) 1940 

15 Walters, W Gastric Acidity Following Operations for Gastric and 
Duodenal Ulcer Its Effect on the Question of Partial Gastrectom>, Ann Surg 
104 585-593 (Oct) 1936 

16 Eusterman, G B , and Balfour, D C The Stomach and Duodenum, 
Philadelphia, W B Saunders Company, 1935, pp 469-471 and 50o-514 



S48 


ARCHIVES OF SURGERY 


Gastrojejunal ulcer is very infrequent after gastroenterostomy for 
gastiic ulcer Thus, it seems that the good results and the excellent 
chance foi relative achlorhydria from a simple operation with a low 
operative mortality may be preferable to a higher risk associated with 
resection when the ulcer cannot be removed Jejunostomy is not favored 
because of the necessity of prolonged difficult treatment and the fre- 
quency of recurrence after closure of the opening 

As experience develops it will be found that more high gastnc lesions 
will be found resectable In this series of 35 cardial ulcers, partial 
gastrectomy was performed in 31 instances, or 88 per cent 



Fig 1 — Gastnc ulcer 2 cm. below the esophagus for which partial gastrectomy 
of the Hofmeister-Polya type was performed, with removal of the ulcer 

The illustrations and the abbreviated report of cases were selected 
not to demonstrate any special pomt but merely because they illustrate 
characteristic lesions of the type under consideration 

REPORT OF CASES 

Case 1 — A man 60 years of age was admitted to the chmc Nov 1, 1939, com- 
plaming of anorexia, loss of 40 poimds (18 1 Kg ) and constipation of mne months 
duration Roentgen examination of the stomach revealed a grastric ulcer 2 cm m 
diameter high on the lesser curvature (fig 1) On gastnc analysis before opera- 
tion the total acidity was 50 and the free acids 40 (Topfer’s method) At 
operation an inflammatory gastnc ulcer 2 cm. below the esophagus was found 
which had perforated into the gastrohepatic omentum Partial gastrectomy of 
the posterior Hofmeister-Polya type was performed, with removal of three fourths 
of the stomach, including the gastric ulcer The postoperative convalescence was 
uneventful -A.fter operation the total aadity was 6, and there was no free acid 




3 —Extensive carcinoma of the stomach extending almost to the esophagus, 
for which partial gastrectomy of the posterior Pol} a type W'as performed, with 
remoNal of the lesion 
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Case 2 — A woman 64 years of age registered at the clinic on Aug 7, 1939, 
complaining of intermittent epigastric distress of ten years' duration and of chills, 
fever, nausea, vomiting and se\ere pain in the epigastrium and back of three 
weeks' duration Roentgen examination of the stomach revealed an ulcer high 
on the lesser curvature of the stomach (fig 2) At operation an inflammator} 
gastric ulcer was found 3 cm below the esophagus, wuth a crater 1 5 cm in 
diameter Partial gastrectomy of tlie posterior Polya tvpe with remo\al of four 
fifths of tlie stomach, including the gastric ulcer, was done The patient was well 
four months later 

Case 3 — A man 58 years of age entered the clinic Nov 21, 1939 He had had 
epigastric distress for twenty years and had lost 30 pounds (13 6 Kg) in the 
previous year Roentgen examination of the stomach re\ealed extensive ulcerating 
carcinoma involving almost the entire stomach, which w^as probably inoperable 
(fig 3) Gastric analysis (Topfer's method) revealed a total acidity of 14 and 



Fig 4 — Huge ulceratmg carcinoma involving all of the lesser curvature of 
the stomach , a, roentgenogram , b, caremomatous ulcer removed at operation , 
partial gastrectomy of the posterior Hofmeister-Polya type was performed 


no free acid Partial gastrectomy of the posterior Polya type was performed, witli 
removal of four fifths of the stomach for ulcerating perforatmg adenocaremoma 
grade 2 (on a grading basis of 1 to 4) The growth measured 9 by 9 by 3 cm 
and extended almost to the esophagus The convalescence was uneventful 

Case 4 — A man aged 63 years came to the clinic July 13, 1939, complaining 
of gastric distress, weakness and loss of 24 pounds (109 Kg ) in the previous 
three months Roentgen examination of the stomach revealed ulcerating carcinoma 
ot the middle tliird and upper portion of the body of the stomach The roent- 
genologist felt that operability was doubtful (fig 4a) Partial gastrectomy nt 
the posterior Hofmeister-Pol>a t>"pe was done to remo\e four fiftlis of the 
stomach lor a lesion which extended almost to the esophagus The pathologist 
reported adenocarcinoma, grade 2, measuring 15 b> 10 by 3 cm (fig 4b) , f^is 
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was the largest carcinomatous ulcer ever removed at the clinic. The patient died 
after operation from bronchopneumonia 

Case 5 — A woman aged 42 years entered the dime Nov 27, 1939, on account 
of weakness and three gastric hemorrhages in 1938 and 1939 Roentgen exami- 



^ — Leiomyoma of the cardiac end of the stomach, a, roentgenogram, 6, 
speamen removed by transgastric excision, 

nation of the stomach showed a large polypoid tumor near the cardia (fig 5a) 
Gastnc analysis revealed a value for total acidity of 84 and for free aad of 70 
Excision through a transgastric approach revealed a leiomyoma, measunng 
6 by 5 by 3 cm (fig 5h), which arose from the posterior wall of the cardial 
area of the stomach The convalescence was une\entful 
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Case 6 — A woman, aged 52 years, was admitted to the clinic Sept 26, 1939, 
because of symptoms of peptic ulcer of si\ weeks’ duration and hematemesis and 
melena of two \\eeks Roentgen examination of the stomach revealed polyposis of 
the middle third and two poljps high in the stomach (fig 6) On gastric analysis 
total acidity was 10, and there was no free acid Transgastnc excision of multiple 
adenomatous polyps was done The patient’s convalescence W'as uneventful 

SUMMARY 

Seventy-six, or 14 per cent, of the 542 gastric lesions for which 
operation was performed at the Mayo Clinic during 1938 and 1939 were 
found to be at or higher than a point midway between the angle of the 
stomach and the esophagus In 35 of the 76 cases benign gastric ulcer 



Fig 6 — Polyposis of the stomach There were two polyps in tlie vicinity of the 
cardia. Transgastnc excision was performed 

was present In 26 of the 35 cases of benign gastric ulcer situated high 
above the incisura angularis of the stomach partial gastric resection was 
performed, wuth 1 death There were 34 cases of carcinoma in which 
the lesion was situated high above the mcisura angularis of the stomach, 
some form of gastric resection (partial or total gastrectomy) was done 
m all but 1, with 5 deaths In 7 cases miscellaneous benign lesions were 
removed b> local excision, wuthout mortality 

Frequently the high gastric lesion appeared higher m the roent- 
genogram than it actually w'as, because of foreshortening of the stomach 
proximal to it, caused by perforation of the ulcer onto the pancreas or 
into the gastrohepatic omentum In most such cases ample stomach 
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could be found above the lesion tor safe partial gastric resection after 
mobilization of the stomach and its perforating process and by high 
ligation of the gastrohepatic omentum 

Partial or subtotal gastrectomy was preferred for the surgical treat- 
ment of cardial gastnc ulcer When the condition of the patient did 
not allow this, excision of the lesion with or without gastroenterostomy 
was favored When the ulcer could not be excised with safety because 
of its proximity to the esophagus or because of the poor condition of 
the patient, gastroenterostomy was preferred, as a high incidence of rela- 
tive achlorhydria and healing occurred after such a procedure The 
Kellmg-Madlener palliative gastric resection, in which the ulcer is not 
removed, has not been utilized by us 

The difficulty of differentiating a malignant from a benign ulcer- 
ative process in the cardial gastric region by roentgen examination was 
emphasized 

The material in this paper relative to cardial ulcers and to the follow-up study 
of cases has been assembled with the aid of Dr William H Cleveland, assistant 
surgeon, the Mayo Qinic 



SUBDELiOID BURSrilS 


\L\NSON WEEKS, D 

S \N FRANCISCO 

Some SIX years ago, \\heii Dr Dean Lewis w'as visiting me in San 
Francisco, I happened to bring up the subject of his sjstem of surgery 
and how much he had included in it w'hich was obsolete When he 
asked me to be more specific, I called his attention to the fact I had 
discovered that the proper treatment of subdeltoid bursitis seemed to 
be unknown generally and that the old advice about diathermy, etc, 
was still given m his published wmrk I called his attention to the 
immediate relief of 90 per cent of this pain in the shoulder obtamed 
by simple needling, which eases the tension m a dense, mesothehum- 
Imed fibrous sac He frankly stated that he had never heard of this 
treatment and told me that some day he w'ould publish a one volume 
treatise on general surgery which would leave out everythmg obsolete 
and would include everything useful tliat one book would hold I am 
still hoping for this volume 

Dr Lewis urged me to publish my method of treatment m the 
International Chutes, which I did in 1936,’- and now, for his birthday 
issue of the Archives, I think it fair that this subject should be brought 
up again, because it is quite evident that this proper treatment for 
inflammation, whether traumatic or otherwise, of the subdeltoid bursa 
is not yet universally approved This was particularly brought to my 
attention by the work of Ferguson,” as short a time ago as May 1938 
On reading his resume, I again took up the subject with a number 
of my professional friends, especially orthopedic and general surgeons, 
and discovered that there is still some question about it 

The subdeltoid bursa may in some instances be connected with the 
shoulder joint, but because in all my cases of acute subdeltoid bursitis 
the symptoms are referable only to the bursa I have reason to believe 
that none of the bursae observed by me has been so connected A great 
number of physicians now agree that 90 per cent of pains of any moment 
about the shoulder are due to an irritation within the subdeltoid bursa, 
and certainly the pain of an acute inflammation of this sac is so much 
more agonizing and incapacitating than any other that a simple pro- 

1 Weeks, A Subdeltoid Bursitis (Acute), Intemat Clin 3 40-48 (Sept) 

1936 

2 Ferguson, L K Shoulder Pain and Disability Due to Lesions of Sub- 
deltoid Bursa and Supraspinatus Tendon Five-Year Collective Review, Intemat 
Abstr Surg 66 472-487, 1938, in Surg, Gynec & Obst , May 1938 
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ccdure for its quick relief should be known universally From the 
literature it is apparent that there have been so many misunderstand- 
ings about why the pain is relieved that I hope I am specific enough 
when I say that it is not the procaine hydrochloride or any other factor 
in the way of washing out the bursa between two needles or puttmg in 
a sclerosing solution that relieves the pain It is simply relief of tension 
afforded by puncturing the firm-walled sac m numerous places with a 
needle This amounts, of course, to the same thing as making an oper- 
ation of it and laying open the sac with a knife, but it is so much simpler 
and can be done so easily in the office that there is little excuse for any 
delay or any added expense Since my last report I have had some 40 
patients in whom immediate relief was produced by needling only, and 
but 1 of tliese had any history of trauma In other words, most patients 
with this condition have a history of infections connected with the nose, 
throat or teeth 

I first used this treatment for acute subdeltoid bursitis in 1908, 
purely as a diagnostic procedure, common then, because I suspected the 
presence of fluid in the region The relief of pam was so mstantaneous 
on aspiration of about 1 cc of straw-colored fluid that I have applied it 
ever since, supposing it to be well known 

In 1913, Prof J M Flint, of New Haven, Conn , suggested aspira- 
tion for acute traumatic bursitis but said nothing about this treatment for 
all forms of the disease If he had done so, no doubt it would have been 
popularized long since, and much suffering might have been prevented 

Some of my friends who are orthopedic surgeons report that unless 
the calaum in the bursa has organized to the consistency of bone they 
are now treatmg the chronic forms of subdeltoid bursitis by thorough 
needling This seems to change the blood supply and causes more rapid 
absorption of the salt In other words, these surgeons find an operation 
unnecessary unless the deposit of salt has become bonehke One of my 
friends told me last year that he had had, in the past three or four years, 
some 15 patients suffermg from subdeltoid bursitis and that he never 
bothered any more to do the operation with the region under local 
anesthesia, because, of course, it is impossible to inject enough procaine 
hydrochloride into this painful sac to prevent some agony with the 
needlmg He therefore now gives the patient a whiff of nitrogen 
monoxide and, as he expresses it, needles the bursa fanwise m all direc- 
tions, from the outside well over mto the region of the supraspmatus 
tendon In no case has he failed to give immediate rehef when the 
disease was acute Of course, when a patient has suffered for two 
weeks with this agonizing disease, has been kept awake and has been 
unable to tolerate any motion whatever in the shoulder jomt, there is 
bound to be some disability from the lack of use and from the outrage 
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to the absocidtecl ncrvcb, but these ch&abihtics arc quickly forgotten 
when the acute agoin has beca lehetccl All ot the patients who have 
been under tieatnient and lia\c suilcied all of the old abuses, especially 
diatherni}, sa}'^ aftei treatment with diathermy their pain is increased 
a great deal This, ot course, is due to the heat, ^\hlch causes more 
congestion and moie tension in the tight sac 

In conclusion, I \entuie to say that e\ery patient suftenng trom 
subdeltoid bursitis ot the acute type, whether the sac contains calcium 
or not, will be relieved at once if the tension is removed by numerous 
punctures wnth a fair-sized needle, w'hether local anesthesia with procaine 
hydrochloride only or general anesthesia is used Chronic conditions 
also will be leheved and the calcium absorbed after use of the same 
method, unless the salt has organized into bony hardness, in which case 
surgical removal is justified 



OPERATIVE TREATMENT OF TRUE 
HERMAPHRODITISM 

A NEW TECHNIC FOR CURING HYPOSPADIAS 
HUGH H YOUNG, MD 

BALTIMORE 

Hermaphroditism has interested tlie members of the medical profes- 
sion since earliest days, but until recent years the clinical descriptions 
and the anatomic and microscopic studies were so inadequate that many 
early reports are not acceptable today 

In 1924 I reported a case of true hermaphroditism which at that time 
was the mnth case acceptable by scientific standards In 1937 I found 
that 11 additional accepted cases had appeared in the literature Since 
then a case, previously questioned, has been shown to be a proved case 
of hermaphroditismus verus ^ I wish to present my second case - 

REPORT OF A CASE 

An Rast Indian aged 20 came from Johannesburg, South Afnca, on Dec 
14, 1937, after having stopped to consult urologists in Italy, France and England 
He was referred to me by Dr Vincent Vermooten He had been brought up as 
a male and had no idea that he was anything else He had normal male sexual 
desires but had never been able to have intercourse on account of a penile deformity 
He had frequently masturbated 

Exammation revealed a well developed, slight young man of masculine build, 
with a sparse growth of hair on the lips and face There was an abundance of 
hair on the body and extremities The breasts were typically male There were 
a completely bifid scrotum and a penis of fair size, drawn backward in the scrotal 
cleft by a pronounced chordee The urmary meatus was present between the 
halves of the bifid scrotum (fig 1) There was a furrow on the ventral surface 
o£ the penis, co\ered with mucous membrane The right side of the scrotum 
contained a well developed, apparently normal testis and epididymis On the 

From the James Buchanan Brady Urological Institute, Johns Hopkins Hospital 

1 J F Gudernatsch (Am J Anat 11 267, 1911) should be credited with a 
case of hermaphroditismus verus The case was excluded by B Kwartm and J A 
Hyams (J Urol 18 363, 1927), but a careful study of Dr Gudernatsch’s documents 
shows conclusively, I believe, that his case is entirely acceptable The total number 
of acceptable cases, up to the date of publication of m> “Genital Abnormalities, 
Hermaphroditism and Related Adrenal Diseases’" (Baltimore, Williams & Wilkins 
Company, 1937) is therefore 21, instead of 20 

2 This case was reported to the Amcncan Urological Association at its annual 
meeting m Quebec, Canada, on June 29 1938 
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left side there wab a hrge reduLiIjIe bcrot.il inguinal iRnii i (fig 1) No testicle 
could be felt On rectal exaniination tlie outlines ot the prostate were indefinite 
Beneath the rectum was an unusual oblong soft structure Vigorous massage 
did not produce an\ prostatie fluid 



Fig 1 — Condition before operation The penis is concealed between the halves 
of the scrotum 



Fig 2 — Operation for the hernia on the left side i, cutaneous incision, 
2, the sac delivered and opened 


A cystoscope passed easily into the bladder, which was normal As the 
instrument was drawn out, Dr Lloyd G Lewis was able to make out an opening 
into which the cystoscope could be introduced It was evident that the cystoscope 
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was m a vagina, at the upper end ot which the cervix uteri and the os were 
visible A solution of 12 per cent sodium iodide was introduced into the cavity, and 
a uterogram was obtained Study of the film showed that the fluid extended out 
into what appeared to be a fallopian tube on the left side 

Roentgenograms of the spine and pelvis showed the bones to have male 
characteristics 

A determination of urinary estrogen showed no increase (only 4 rat units per 
twenty-four hour specimen) 

A tentative diagnosis of hermaphroditism was made The case was apparently 
similar to that reported by me in 1924 ^ 



Fig 3 — After opemng the hernial sac on the left side, the uterus, tube and 
ovary were discovered At a second operation, several weeks later, the scrotum 
was opened on the left side, and the testicle and the abnormal epididymis were 
disco\ered 


December 18 a left mguinal hernia was exposed through an oblique incision 
m the groin (fig 2) After freeing and opening of the sac a small uterus, a 
fimbriated left tube and a gonad were seen The gonad measured 1 5 by 1 6 cm 
The tube measured 10 cm m length The uterus was 2 cm m diameter and 4 cm 
long and was attached by a stalk, undoubtedly a vagina, that disappeared in the 

3 Young, H H Bull Johns Hopkins Hosp 35 165, 1924 Young, H H, 
and Davis, D U Practice of Urolog\, Philadelphia, W B Saunders Company. 
1926, \ol 2, p 119 
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pelvis beneath the pcntoiiLuni Springing from the other cornu ot the uterus was a 
small cord that was attached to the peritoneum (fig 3) The gonad was peculiar m 
appearance There wah no e\idence of ovuhtion, and the structure was different 
from the normal o\ary Attached to the right cornu of the uterus was a fibrous 
band that was adlierent to the hernial sac The broad ligament, with a normal 
blood supply, was present The question arose whether the gonad was an ovary ora 
testicle It was impossible to say definitely w'hat the structure was, but it was small 
and apparently functionless, and as the patient w'as distinctly masculine in figure, 
habits and desires it was decided to remove the uterus, the tube and the gonad 
(fig 4) The hernial sac was dissected downward, so that the vagina was isolated 



Fig 4 — Removal of uterus, tube and ovary after division of the vagina through 
an masion in the left groin 


outside the peritoneum It was clamped, divided and ligated The uterus, tube 
and gonad were removed in one piece with the hermal sac The edges of the 
peritoneum were picked up and approximated with chromic catgut suture of the 
purse-stnng type Dr Lewis then freed the fasaa of the external oblique muscle and 
completed the operation for hernia repair accordmg to the prmciples of Halsted 
A plastic operation to straighten the perns was earned out by me The inasion 
extended backward so as to excise the very pronounced congemtal chordee 
To liberate the penis completely it was necessary to carry out this excision of 
fibrous tissue down to and between the corpora cavernosa and to free the lower 
end of the urethra from its attachments and transplant it backward in the perineum 
By this techmc, which I have carried out m other cases, a large wound was 





VO UNG— HERMAPHRODITISM 


561 


produced that completely liberated the penis after the skm had been divided 
on each side (fig 5) The edges of the skin were then approximated with 
silver wire sutures that passed through the skin and the septum of the corpora 
When tied, this suture drew the two edges of the skm together against the corpora, 
thus producing a furrow that prevented the formation of a fibrous cord The 
penis was held forward against the abdomen by means of a suture through the 
glans in which a rubber band was interposed to make traction The wound was 
covered with silver foil, and a sterilized sea sponge was placed over the paper 
covering the foil to make gentle pressure A catheter was not inserted , the patient 
was allowed to void naturally 

The patient could not void after the operation, and a catheter was introduced 
and left in place The wounds healed by first intention When he was discharged 
on the twentieth day the chordee had been completely corrected, and the penis 



5 — Young's operation for hypospadias (first stage) Note the complete 
removal of the fibrous cord in i, transverse incisions through the skin where it is 
redundant in the foreskin and scrotum, 2, posterior displacement of the urinary 
meatus and triple suture to approximate the skin and draw it to the septum 
between the corpora cavernosa, S 

Was straight He was voiding through the urogenital smus, which opened far 
back in the perineum The result of the hernia operation was apparently excellent 
On March 2, 1938, a second operation was earned out with the patient under 
nitrogen monoxide and ether anesthesia It consisted of aspiration of material 
from the testicle and epididymis by Dr Lewis for spermatozoa The result being 
unsatisfactory, an incision was made in the nght side of the scrotum, and the 
testicle was exposed after the tunica vaginalis had been opened The testicle 
was larger than normal, measuring 5 3 by 3 by 2 8 cm The surface was irregular 
and mottled, similar to the tesbcle in my other case of hermaphroditismus ^erus 
The epididymis was vcr> abnormal (fig 3) It did not he in the usual position 
next to the testicle The globus major was attached to the testicle by a thin mass 
of tissue about 7 mm long The bod> of tlie epidjd>mis was much smaller and 
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longer than normal The globus minor was long and thin fhc vas appeared 
normal An incision w\as made in the tunica vaginalis, and through it testicular 
tissue extruded Tins was mercastd bv making pressure on the gland, and by 
means of scissors a suflicicnt amount ot tissue was removed for biops> (This 



Fig 6 — ^Young’s modification of the Thiersch plastic operation to form a 
urethra i, clamp used on the glans , 2, clamp in place , 2, cutaneous mcisions , 
4, formation of the urethra , 5, suture of the glans over the urethra , d, completion 
of closure of the skm with vertical mattress sutures 

method is preferable to excising a piece of testis) The wound was then closed 
by sutures of fine catgut 

The next procedure was to provide drainage through the perineum back of ^ 
urinary meatus in the mid perineum I decided not to attack the vagina 
new urethra w^as then formed by the method illustrated The incision on t e 
right side was about 8 mm from the midline, and on the left 1 S cm ffiS’ 
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The incision was carried downward to include the glans The cut edges of the 
skin were appro\imated and inverted by a continuous fine catgut suture with a 
Duloc needle (fig 6, */) The skin was then approximated with my vertical 
mattress suture of very fine silver tied over a thread of silver wire (fig 6, 
0 and 6) (I often use a very delicate rubber tube instead of the piece of silver 
wire.) Examination showed a good deal of tension of the skin along the last 
2 5 cm of the penis I therefore made an incision along the dorsum for thi*: 
distance and at the upper end carried an oblique incision on each side (fig 7) With 
the skin freed on each side, no difficulty was experienced m drawing the upper 
half of the Y down into the lower part of the wound and suturing it there so as 
to form a V This procedure, which I have carried out in a number of cases, is 



^ ' — ^Y-V plastic operation for the dorsum of the penis, to relieve tension 

very effective m combating tension of the penile skin resulting from the urethral 
plastic procedure It also has the effect of drawing the dorsum upward and helpmg 
to correct any tendency to chordee (In some cases I find it necessary to use 
the Y-V plastic procedure twice along the dorsum [fig 7, I] ) 

The patient remained in the hospital four weeks The healing was per primam 
mtentionem, except at one point just back of the glans, where a small fistula 
formed, and another place nearby The perns was straight and of normal length 
^ost of tlie urine still passed through the perineal urethrotomy wound, through 
which the catheter emerged 

On June 1 the perineal mucocutaneous fistula was excised a small catheter 
'^as inserted, and tlie tissue was drawn tight around it, witli the hope that when 
It was removed the uretlirotom> fistula would close The fistulas, one the size of 
a pinpoint, near the meatus, and the other about 2 mm in diameter, 5 mm 
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behind tin. intatub, were prebeiit flieae were dibbected out, the internal orifice 
was closed with a purse-string suture ol fine catgut and the edges of the skin 
were approximated with \ertical inattrebb buture^ ol siUer tied around the siher 
ware on each side The mcatub was enlarged b\ an incision along its roof that 
duidcd a \ahehke projection fins operation was not entirel> successful 

The patient returned a little later, and the pre\ious operation was repeated to 
close the fistulas that had recurred The operation was successful in closing the 
larger fistula, but a minute opening remained immcdiatcK behind the meatus 
in the glans, through which onl\ a most delicate intestinal needle could be passed, 
and urine continued to come through the original urethrotomy wound The 
uretlira w^as dilated A catheter wa^ passed irom the meatus into the bladder, and 
the perineal mucocutaneous fistula was excised and closed, but it broke down 



Fig 8 — Final result after the operations to cure the chordee and construct 
a urethra from the perineum to the meatus The patient voids normally through 
the new glandular urethra 

On August 10 the patient reentered the hospital A suprapubic incision ^vas 
made to dram the bladder The perineal fistula was then excised and closed m 
layers The very minute fistula m the glans was again closed as before 

The pinpoint opemng recurred, and, as all attempts to close it had failed, 
the small bridge of tissue (only 3 mm wnde) betw^een the meatus and the fistula 
was incised with scissors, thus enlarging the meatus backward but causing no defect 
and completely removing the fistula 

The patient was finally discharged on October 4 The operative result w^ 
very satisfactory (fig 8) The perns w^as straight The urinary meatus extende 
only a little farther back than normal No fistulas were present Urine wa^ 
voided freely and in a good stream The right testis was in the normal position 
The left mguinal hernia apparently had been cured The patient reported that 
he had had sexual intercourse frequently Libido was normal, erections were 
straight and ejaculation was normal and entirel> satisfactory On rectal examina 
tion a soft tubelike structure 4 cm long could be felt immediatel> beneath t c 
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rectal wall (remaining portion of the vagina) Beneath this a body, apparently 
the prostate, about two-thirds the normal size, was palpable The outlines of the 
seminal vesicles were indefinite The fluid obtained by prostatic massage showed 
many leukocytes and some lecithin cells 



Fig 9 — Photomicrographs of (A) testicle and (B) uterus 

Pathologic Report — Section of the fallopian tube showed a small central canal 
Cross section of the ovary showed yellowish white translucent tissue No follicles 
ucrc seem Section of the uterus showed a small ca\nty that extended downward 
*nto the attached portion of the vagina that had been excised 
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Microscopic stiiclv of tlic sections of tlic uterus, the vagina and the fallopian 
tube (figs 9 and 10) showed structures t\pica! of these organs The stroma of 
the gonad (ovar} ) was made up of a large number of spindle-shaped cells and 
fibers arranged in whorls, perfectly typical of oearian stroma (fig 10^4) No 



Fig 10 — Photomicrographs of (A) ovary and (B) fallopian tube 

definite follicles were seen In some places there were circular masses of cells 
suggesting granuloid cells Surrounding these the stroma cells were concentrically 
arranged, suggesting the theca interna Many areas of cylindnc calcified so-callea 
psammoma bodies were observed, but no mature follicles and no bodies represent- 
ing corpora lutea were seen 
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Histologic examination of tlie tissue r<.nio\ed from the right testicle (fig 9 A) 
showed many seminiferous tubules that were normal in appearance Every stage of 
spermatogenesis was seen Sertoli cells were recognized among the larger primary 
spematocytes The interstitial tissue was rather scant, but the cells seemed normal 
the patient has reported to me by letter many times since he left here On 
board ship he frequently had intercourse and unfortunately contracted gonorrhea, 
w was treated in London, England, with success After he returned to South 
Atrra a small nght inguinal hernia that had developed was cured by operation 
by Ur Vmcent Vermooten On March 1, 1940, the patient reported by letter that 
he was normal in every respect 

COMMENT ON THE OPERATIVE TREATMENT 
In this case the chordee and the hypospadias were virtually cured by 
0 operations, after which there remained only minute fistulas, two of 
''l G^sily cured The third, in the membranous skin of the 

S n u ar urethra, did not close and was simply done away with by 
en arging the meatus The procedures that I employ are much more 
l^hose usually advocated The first operation, to cure the 
or ee, is much more extensive than has been previously employed 
bold^^ ^sing the vanous Hemeke-Mikuhcz procedures, I go in 
th h line and excise the cicatricial tissue that produces 

0 c ordee, going down to and between the corpora cavernosa until the 
penis IS completely freed of aU restricting bands In order to add to the 
^ ectiveness, the urinary meatus is transplanted much farther back in 
US adding to the freedom of the corpora cavernosa The 

^e 0 the triple stitch of fine silver wire that draws the skin in between 
aff prepares the way for the next operation Abundant skin is 

inc^^ followed, i e , to divide the skin on each side of the 

s^on at points where it is redundant, viz , near the lower end in the 
scrotum At the second operation abundant skin 
a e modified Thiersch plastic operation is present, but to insure 
dor^ tension the Y-V plastic operation that I employ on the 

sum IS completely effective A simple, continuous, very fine plain 
to ^^^^re with the Duloe needle is then employed to turn m the skin 
draw ^ ^^^thra The newly made urethra is completely covered by 
^rig together the lateral edges with my vertical mattress suture 
silver^^^^^^^ silver wire that can be tied m a knot over either 
surfac^^^ ^ delicate rubber tube This suture approximates broad 
^aten^/ silver wire, being antiseptic, is an ideal suture 

after^t^ three minute fistulas usually remain to be closed 

^ ^P^ration The technic employed is the same, fine plain 
tress urethra and a vertical silver wire mat- 

have around a rubber tube to close the defect Since I 

^ opted these methods I have almost always succeeded m com- 
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pletely curing the chorclce and furnishing a urethra out to the glans 
penis, so that the patient has had normal urination and also normal 
sexual powers I have entirely discarded the many complicated plastic 
operations described in the literature 

The case of hermaphroditismus verus that I have described belongs 
to group E in the classification that I made m my book, “Gemtal Abnor- 
malities, Hermaphroditism and Related Adrenal Diseases ” The case 
IS identical with my first one except that the ovary had not gone so far 
toward complete development and the ovulation was not complete The 
patient, however, was just as masculine as in my first case, and his sexual 
powers were normally male The operations to cure the hernia, remove 
the female organs, eradicate the chordee and form a new urethra to the 
glans penis were entirely successful in both cases 
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EFFECT OF CHOLECYSTOGASTROSTOMY ON 
CINCHOPHEN-PRODUCED ULCER 
IN DOGS 

HENRY SWAN, AID 

DENVER 

The role played by the digestive juices in the causation of peptic 
ulcer has long been under investigation The acid '^gastric chyme” has 
been studied by a vanety of methods, and from the results obtained many 
investigators have delegated to it the role of villain in the drama of the 
pathogenesis of ulcer From this point of view, interest was aroused 
in possible mechanisms or substances which might normally ‘‘protect” 
against ulcer formation Among these, attention has been centered on 
the alkaline digestive juices — the succus entencus, the pancreatic juice 
and the bile Attempt has been made to evaluate the “protective” 
qualities of these secretions in toto, singly and m various combinations 
Most previous work has been done by means of the Mann- William- 
son preparation, whereby “duodenal drainage” is instituted and then 
single or combined alkaline juices are reshunted to the upper part of 
the intestinal tract in an attempt to evaluate their “protective” action 
Recently, however, a new method of produang chronic gastric ulcers 
experimentally m dogs was discovered by Churchill and Van Wagoner ^ 
This IS accomplished by daily administration of old cinchophen, which 
results m a very high incidence of gastric ulcers closely simulating those 
seen clinically in man This method has the advantage of not intro- 
ducing a surgical procedure or altering the normal continuity of the 
gastrointestinal tract in the production of the ulcers 

This newer technic suggested itself to me as another method whereby 
the “protective” influence of the alkaline juices might be evaluated, and 
this paper is a report of the experimental investigation of one of these 
juices, 1 e , the bile 

From the Department of Pathology, the Uni\ersity of Colorado Sciiool of 
Alcdicine and Hospitals 

1 Churchill, T P , and Van Wagoner F H Cinchophen Poisoning Proc 
Soc. Exper Biol 6L Med 28 581 1931 Van Wagoner F H and Churchill, 

P Production of Gastric and Duodenal Ulcers in Experimental Cinchophen 
Poisoning Preliminary Report JAM A. 99 1859 (Nov 26) 1932 
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The attempt to produce chronic ulcci in experimental animals has 
long engaged the attention ot main investigators throughout the world, 
and a varietv of teehnies ha\e been invoked which produced ulcerations 
m vaiious laboiator\ animals Ihese experiments ha\e been reviewed in 
detail by McCann- Although a great \ariet\ of methods produced 
ulcerations in many different animals, it was apparent that none of these 
technics gave consistent results, that the ulcers w ere chiefly acute lesions 
which tended to heal rapidly and henee were m no wise similar to the 
chronic indurated lesion obsened m man and that onl} certain animals, 
especially dogs, have gastric mucosa w Inch behai es enough like that of 
the human being to make them laluable as experimental subjects That 
a great variety of factors ina} initiate gastric or duodenal ulceration 
seems clear from these experiments, but the real problem, ‘ the circum- 
stance that it usually so obstinately refuses to heal,” as Cohnheim stated 
111 1880, was not approached 

In 1923, how'^ever, hlann and Williamson “ demonstrated a method 
whereby chronic indurated ulcers might be produced m a high percentage 
of dogs This procedure, anastomosis of the stomach to the jejunum 
with “drainage” of the intervening duodenum into the low'^er part of the 
small bowel, had been previously done m effect by Bickel ^ in 1909 and 
by Langenskiold ® in 1914, but these authors had not tollow'ed up their 
observations, and their conclusions w^ere not generally adopted After 
the clear demonstration by Mann and Williamson ^ of the value of this 
technic an era of intense experimentation w'as begun Morton 
McCann,’^ Gallagher and Palmer,® Jenkins and Palmer® and Matthews 

2 McCann, J C Experimental Peptic Ulcer, Arch Surg 19 600 (Oct) 

1929 

3 Mann, F C, and Williamson, C S The Experimental Production o 
Peptic Ulcer, Ann Surg 77 409, 1923 

4 Bickel, A Beobachtungen an Hunden mit extirpiertem Duodenum, Ber 
klin Wchnschr 46 1201, 1909 

5 Langenskiold, F Ueber die Wider standstahigkeit einiger lebender Gewebe 
gegen die Einwirkung eiweisspaltender Enzyme, Skandinav Arch f Physiol 31 1, 
1914 

6 Morton, C B Observations on Peptic Ulcer I A Method of Pro 
ducing Chrome Gastric Ulcer , a Consideration of Etiology, Ann Surg 85 20 
and 879, 1927 , III Healing of Experimentally Produced Ulcer After Gastro- 
Enterostomy, ibid 85 729, 1927, V Findings in Expenmentally Produced Peptic 
Ulcer Etiologic and Therapeutic Consideration, ibid. 87 401, 1928 

7 McCann, J C Control of Acidity, Am J Physiol 89 483, 1929, foot- 
note 2 

8 Gallagher, W J , and Palmer, W L Experimental Jejunal Llcer 
Relame Importance of 'Mechanical and Chemical Factors, Proc Soc Exper Bio 
& Med 30 468, 1932 

9 Jenkins, H P , and Palmer, M L Studies on Experimental Jejunal 
Ulcers, Proc Soc. Exper Biol S. Med 28 935, 1931 
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and Dragstedt/® to mention only a few of the investigators, confirmed 
the value of the method It was felt by most of these authors that two 
factors are important in the establishment of the ulcers (1) the acid 
gastric chyme acting unneutrahzed on the jejunal mucosa and (2) the 
mechanical force of the ejected stream of chyme impinging against 
the jejunal wall 

This work stimulated an interest m the protective action of the 
duodenal juices and gave an experimental method whereby they might 
be studied Bile has received particular attention in this regard 

The composition of bile varies considerably in different species and 
within the same species However, its pn has been stated by Horrall 
to vary between 5 7 and 7 86, while that of hepatic bile was said by 
Jones to he between 7 4 and 8 5 Boldyreff found the alkalinity 
of bile to be equivalent to only 0 05 per cent sodium carbonate How- 
ever, despite its low actual alkalinity, it has been felt that its buffering 
capacity is high 

It was first noticed by Hooper and Whipple that a large percentage 
of dogs with external biliary fistulas had peptic ulcers Thus it seemed 
that loss of bile alone from the duodenum resulted in a fair incidence of 
duodenal ulcers Kapsmow criticized the interpretation of this work 
on the basis that infection ascending the fistulous tract might be an 
important factor He therefore performed cholecystonephrostomy on 
43 dogs, in 17 of which chronic duodenal ulcers developed Neumann and 
his co-workers diverted the bile to the ileum and produced 5 ulcers in 
7 dogs They repeated the experiment on 2 additional series and got 
similar results Weiss and Gurriaran observed one ulcer in 3 fistulous 

10 Matthews, W B , and Dragstedt, L R The Etiology of Gastric and 
Duodenal Ulcer, Surg , Gynec 6L Obst 55 265, 1932 

11 Horrall, O H Bile Its Toxicitv and Relation to Disease Clucago, 
University of Chicago Press, 1938 

12 Jones, K K Comparison of Buffer Value of Bile and Pancreatic Juice 
Secreted Simultaneously Proc Soc Exper Biol & Med 28 567, 1931 

13 Boldyreff, W The Self Regulation of the Acidity of the Gastric Contents 
and the Real Acidity of the Gastric Juice, Quart J Exper Physiol 8 1, 1915 

14 Hooper, C W , and Whipple C H Bile Pigment Output and Diet 
Studies, Am J Physiol 40 332, 1916 

15 Kapsinow, R The Experimental Production of Duodenal Ulcer by Exclu- 
sion of Bile from the Intestine, Ann Surg 83 614 1926 

16 Neumann, F , Demoor P and Deloyers L Contributions a 1 etude de la 
pathogenie des ulceres gastroduodenaux Derivation exclusive de la bile dans I'lleon 
terminal, Compt rend Soc de biol 105 890, 1931 

17 Weiss, A G , and Gurriaran, G Ulceres chroniques gastroduodenaux 
<-\pcnmcntaux crees par la deruation des sues alcalins duodenaux Bull et mem 
Soc nat de chir 36 6, 1930 
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dogs, Owings and Smith two in 5, and Gra\es one in 8 Bachrach 
and others observed two ulceis in 15 dogs Berg, Johnston and 
Jobling observed the incidence of ulcer in Rous-IMcMaster fistulous 
dogs to be 77 per cent These and other demonstrations indicated that 
“exclusion of the h\er,” by whatever means, is followed by the occur- 
rence ot duodenal ulcers m a percentage of the animals How'ever, this 
percentage varied greatly in the hands of difterent workers and with 
different technics iSIoreoxer, it was not clear whether the lesions arose 
because of the lack of bile as a “protective” substance in the duodenum 
or were associated with the profound metabolic changes which occurred 
in the fistulous dogs Berg and his associates found that a larger per- 
centage of dogs receiving poor diet and living in a poor environment 
had ulcers than of dogs wuth a better hygienic regimen, and and 

others have also emphasized that cachexia is an important predisposing 
factor in experimental ulcer 

Blanck stated that in all of 5 dogs w ith biliary fistula duodenal 
ulcers were obtained, while of 3 others which w ere refed the bile obtained 
from the fistula only 1 had an ulcer Bachrach and his co-workers ■* 
have criticized this work, however, pointing out that the senes w'as small 
and the time of survival too short These authors were able to obtain 
only two duodenal ulcers m 15 fistulous dogs, and Graves pointed out 
that Rous and McMaster, Elman, and Puestow found no ulcers in their 
experiments with fistula 

To attempt to evaluate the actual local protective value of bile, 
Ochsner and his associates made a gastric pouch and anastomosed the 
jejunum to the pouch Ulcers formed in the adjacent jejunum m 85 per 
cent of cases If they also anastomosed the gallbladder to the pouch 
only 39 per cent of the animals had ulcers DeBakey performed 
pyloric exclusion with anterior gastroenterostomy in 20 dogs Fift) 
per cent had jejunal ulcer If he also diverted the bile by anastomosing 

18 Owings, J C , and Smith, I H Experimental Production and Cure of 
Jejunal Ulcers, Proc Soc Exper Biol & Med 29 837, 1932 

19 Graves, A M Combined and Separate Effects of Bile, Pancreatic Secre- 
tion and Trauma in Experimental Peptic Ulcer, Arch Surg 30 833 (May) 

20 Bachrach W H , Schmidt, C R , and Beazell, J M The Relation of 
Bile and Pancreatic Juice to Duodenal Ulcer in Dogs, Proc Soc Exper Biol & 
Med 40 322, 1939 

21 Berg, B N , Johnston, A , and Jobling, J W Duodenal and Gastric 
Ulcers m Dogs with Biliary Fistulae, Proc Soc Exper Biol & !Med 25 334, 192 

22 Ivy, A C Studies on Gastric and Duodenal Ulcer, J A M A 75 
(Dec 4) 1920 

23 Blanck, E E Peptic Ulcer, Surg , Gynec S. Obst 61 480, 1935 

24 Ochsner, A , Gage, M , and Hosoi, K The Relationship of Peptic Ulcera- 
tion to Gastric Chemism, Proc Soc Exper Biol Med 31 1260, 1934 

25 DeBakei , M E Peptic Ulceration The Relatne Protective Value oi 
the Alkaline Duodenal Juices, A.rch Surg 34 230 (Feb ) 1937 
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the common duct to the ileum, 90 per cent had ulcers These authors 
concluded, therefore, that bile has a definite local protective value That 
Its presence alone m the jejunum of a Mann- Williamson dog is inade- 
quate to protect against ulcer formation was shown by Graves, who did 
duodenal drainage'’ and then anastomosed the common duct to the 
jejunum In 5 of his 6 animals the usual ulcers developed Likewise, 
Neuman and his associates, who performed a similar operation except 
that they anastomosed the gallbladder to the jejunum, obtained ulcers 
in 2 of 5 dogs 

The introduction by Van Wagoner and Churchill in 1932 of the 
cmchophen method of producing gastric ulcer in dogs has opened a new 
avenue of approach in the experimental study of ulcer By feeding old 
cmchophen to dogs over a long period, chronic indurated ulcers, located 
chiefly in the stomach, were produced m a large percentage of animals 
This work was soon confirmed by Bollman and Mann and Barbour 
and Fisk Early gastritis occurs, which clears up, leaving a single or, 
rarely, a double chronic indurated lesion almost mvanably situated 
on the lesser curvature of the stomach, just above the pylorus Schwartz 
and Simonds observed that chronic ulcer was developed by this 
method in cats and dogs but not in rabbits and guinea pigs Churchill 
and Manshardt found that gastric ulcers resulted even if the drug 
Was administered into an isolated loop of intestine Hanke found 
that use of the subcutaneous route resulted in ulcerations in the stomachs 
of cats Stalker, Bollman and Mann stated that ulcer will result 

26 Neumann, F , Demoor, P and Deloyers, L Contribution a Tetude de la 
pathogenie des ulceres duodenaux Derivation des sues duodenaux et pancreatiques 
dans Tileon terminal, Compt rend Soc de biol 105 892, 1931 

27 Bollman, J L, and Mann, F C Experimental Production of Gastric 
Ulcers, Proc Staff Meet, Mayo Clin 10 580, 1935 

28 Barbour, H G , and Fisk, M E Liver Damage in Dogs and Rats After 
Repeated Oral Administration of Cmchophen, J Pharmacol &. Exper Therap 
48 341, 1933 

29 Schwartz, S O , and Simonds, J P Peptic Ulcers Produced by Feeding 
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whether the drug is administered by rLctiim, subcutaneously, intra- 
venously, into an isolated intestinal loop or by mouth 1 he total gastric 
secretion w^as found by these authors to increase tw'ofold or threefold 
during cinchophen administration, but there was no increase in the 
acidity If the piepyloiie area w'as excised, ulcers appeared m the 
jejunum m 40 per cent of the animals 

Pathologically, such ulcers closely resemble those seen in man and 
those obtained by the ‘ duodenal drainage” method of Mann and 
Williamson Siinonds and also Bolhnan, Stalker and Mann have 
described the development of the ulcer in tw'o stages The primary stage 
lasts a week or ten days, there arc acute diffuse gastritis wuth edema 
of the mucosa, plasma cell and lymphocytic infiltration, small hemor- 
rhagic erosions and small fistulous channels m the mucosa containing 
polymorphonuclear leukocytes The secondary stage consists of return 
to normal of most of the stomach but, at the same time, progression of 
one of the early erosions to a deep chronic ulceration in the prepyloric 
region, with a necrotic, inflamed base and indurated walls Lesions of 
this type extend far into the muscularis and, indeed, may perforate 
or cause massive hemorrhage by erosion of a blood vessel They heal 
in a manner entirely similar to that described by Mann for ulcers 
produced by “duodenal drainage” and by Caylor for ulcers m human 
beings A few days after cessation of cinchophen therapy the necrotic 
material at the base disappears , clean granulation tissue forms, and the 
ulcer granulates m from the bottom up Except for a period of acute 
toxicity, when there is moderate cloudy swelling in the liver and kidneys, 
no damage to the liver is noted even after prolonged administration of 
the drug, and no other pathologic changes in other organs are observed 

Diet during the administration of cinchophen appears to have a 
definite relation to the formation of the ulcers Thus Stalker and his 
CQ-workers found that coarse food hastened the formation of ulcers, 
while a milk diet delayed them and produced subacute ulcers If alkali- 
and a soft diet were given, no ulcers appeared Likewise, Reid an 
Ivy found that if 30 Gm of gastric mucin was given three times a day 

man, J L , and Mann, F C Effect of Cinchophen on Gastric Secretion An 
Experimental Study, Arch Surg 34 1172 (June) 1937 , 

33 Simonds, J P Mode of Origin of Experimental Gastric Ulcer Produce 

by Cinchophen, Arch Path 26 44 (July) 1938 . 

34 Mann, F C Production and Healing of Peptic Ulcer An Expenmenta 
Study, ^Iinnesota Med 8 638, 1925 

35 Caylor, H D Healing of Ulcer in Man, Ann Surg 83 350, 1926 

36 Stalker, L K , Bolhnan, J L , and Mann, F C Prophylactic Treatmen 
of Peptic Ulcers Produced Experimentally by Cinchophen, \m J Digest Dis 
Nutrition 3 822, 1937 

37 Reid, P E , and I\^ , A C Gastric Mucin a Prophylactic Against 
Duodenal Ulcers and “Acute’' Toxicity Resulting from Cinchophen, Proc oc- 
Exper Biol ^ Med 34 142, 1936 
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to dogs receiving cinchophen, only 18 per cent had ulcers in eight} 
days, while 100 per cent of the controls had ulcers in from seven to 
fifty-nine days 

Thus It can be seen that, although the reason for the development 
of the cinchophen ulcer is not clear, the lesion is pathologically similar to 
that seen in man, and its response to alkaline diet therapy is likewise 
parallel 

METHOD 

Two series of dogs were studied In one group cholecystogastrostomy was 
performed, with ligation and division of the common duct After recovery from 
the operation, administration of cinchophen was begun, and the course was observed 
The other group served as controls, and addition of cinchophen to the diet was 
the only procedure employed Both groups were fed the same diet, a commercial 
ground meal preparation, and enjoyed identical living conditions and general care 

The animals were unselected, healthy laboratory dogs which varied in weight 
from 7 to 23 Kg Old cinchophen, obtained from Sharp and Dohme, was given 
in doses of 150 to 200 mg per kilogram of body weight five days a week In 
some instances the dogs took the drug in pill form embedded in a small meat 
ball , in other cases it was necessary to give it in capsules 

The operative technic closely followed that outlined by Walters With the 
dog under intra\enous pentobarbital sodium anesthesia an incision was made just 
to the right of the midline, the rectus muscle being retracted laterally The 
common duct was identified, doubly ligated above and below and severed The gall- 
bladder was then mobilized by blunt dissection from its hepatic bed Oozing 
was controlled by hot packs The fundus of the gallbladder was then anastomosed 
to tlie anterior wall of the stomach 2}^ to 3 inches (6 2 to 7 6 cm) above the 
pylorus The stoma was about 2 cm in length and was closed with three suture 
lines of fine silk a mucosa to mucosa Connell suture, a continuous musculans and 
serosa suture and a peripheral serosa to serosa suture One or two stay sutures 
were placed to hold the omentum around the anastomosis Hemostasis was easily 
accomplished except for moderate bleeding from the musculans of the gallbladder 
No intestinal clamps were employed The wound was closed with silk in most 
cases, although no 1 chromic catgut was occasionally used on the jientoneum 
A subcuticular skin suture was employed, and the wound was left without dressing 
Postoperative care consisted of giving an ample supply of water, no food by 
mouth for twenty-four hours, milk diet for two days and then a soft solid diet 
for five days At the end of the first week most of the dogs seemed completely 
recovered, and tliey were then returned to their runways Administration of 
cinchophen was sometimes begun as early as the tenth or twelfth postoperative day 

The control senes of animals comprised 8 dogs A summary of the protocols 
of these dogs is gnen to show the variations in the response to cinchophen of 
the normal animal 

PROTOCOLS 

Doc 1 — A dog weighing 5 1 Kg died five days after administration of 
Cinchophen was begun 

Gross Observatioijs — There were marked emaciation, hemorrhagic gastntis and 
enteritis, with hemorrhage into the intestinal tract 


38 Walters, W Cholecvstogastrostomi Surg G>nec «S. Obst 42 825 1926 
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Fig 1 (dog 2) — Photomicrograph of the margin of a gastric ulcer, showing 
the overhanging mucosa and the indurated edge X 41 



Fig 2 (dog 2) — Photomicrograph of the margin of an ulceration of the ileurn, 
sho\Mng destruction of the mucosa, extension through the muscularis mucosae and 
marked inflammation x 41 
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Microscopic Observahoiis— The gastric ulcerations were multiple and small 
and extended to invohe the muscularis mucosae The mucosa was destroyed in 
these areas, much brown pigment was present, and the base showed definite 
leukocytic infiltration There were small ulcerations of the ileum, extending down 
to but not involving the musculans mucosae The liver cells showed cloudy 

swelling The renal tubules showed cloudy swelling and contained hyaline droplets 
in their lumens 

Doc 2~A lanky dog- weighing 9 Kg died on the thirteenth day of adminis- 
tration of cinchophen Autopsy was performed about ten minutes post mortem 

Gross Observations — The dog was emaciated The stomach showed a small, 
deep ulcer just above the pylorus, on the lesser curvature There were many 

ulcerations throughout the small bowel, with gross hemorrhage into the intestinal 
tract 

Microscopic Observations — The gastric ulcer showed sharp, undermined edges, 
with induration, the base was composed of necrotic tissue, fibrin, connective tissue 
and leukoc>i;es It extended well through the musculans mucosae. The ulcers 
m the jejunum and ileum extended through to the muscle wall Their base 
consisted of partially necrotic, inflamed granulation tissue The mucosa was 
entirely destroyed Strands of inflammatory leukocytes extended deep into the 
musculans along the perivascular lymphatics Masses of mixed bactena were 
seen on the surface of the ulcers The colonic mucosa showed a diffuse surface 
inflammation The vessels were congested , acute leukocytic infiltration was seen, 
and the superficial third of the mucosa showed necrotic changes Masses of 
bactena were seen clinging to the surface The renal tubules showed cloudy 
swelling, and many of the cells contained masses of brown pigment 

Dog 3 — A dog weighing 7 4 Kg died rather suddenly on the fourteenth day 
of cinchophen treatment 

Gross Observations — The pentopeal cavity contained gross blood The stomach 
contained a deep, punched-out, perforated gastnc ulcer 1 cm in diameter m the 
lesser curvature, just above the pylorus 

Microscopic Observations — Section of the ulcer showed the mucosa to end 
abruptly and the submucosa to be thickened and edematous for some distance 
on each side The ulcer extended perpendicularly through the mucosa, its walls 
were infiltrated, and its base was acutely inflamed Considerable autolysis was 
present at the base and involved the peritoneal surface as well The peritoneum 
was covered with an acute fibnnopurulent exudate The rest of the gastrointestinal 
tract was autolyzed but otherwise normal except for diffuse peritonitis The renal 
tubules were degenerated and contained granular and hyaline casts Many glomeruli 
contained granular exudate within the capsular space Small infarctions with 
glomerular degeneration and lymphocytic infiltration were seen 

Dog 4 — A collie weighing 10 5 Kg died on the seventeenth day of administra- 
tion of cinchophen Autopsy was not perfonned for several hours after death 

Gross Obsenations — The peritoneal cavity contained gross blood Autolysis 
\\as marked throughout the gastrointestinal tract no definite gastnc ulcers could 
be seen 

^Iicroscopic Observations — Autol>sis was pronounced However, a definite 
small ulcer was seen in the gastric mucosa assoaated with diffuse subacute 
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gastritis A small area of subacute inflammatiou of the subinucosa was seen m 
the colon 

Dog 5 — A dog weighing 7 Kg died after eight days of cinchophen treatment 

Gros^ Observations — The dog was emaciated Gross blood was observed m 
the intestinal tract There were acute gastritis and enteritis 

Microscopic Observations — Tliere was diffuse acute superficial enteritis, with 
marked vascular congestion, necrosis and Ieukot}tic infiltration The gastric 
mucosa seemed to be within normal limits There was congestion of the liver, 
lung and kidnevs 

Dog 6 — A dog weighing 8 Kg became acutely ill during the first week of 
administration of cinchophen It seemed to recover, however, but its appetite 





Fig 3 (dog 6) — Photograph of the unfixed specimen, the stomach and a 
portion of the duodenum, showing a large perforated ulcer m the prepyloric area 


remained poor , \t slowly lost weight, and it finally died, fifty-one days after 
starting the drug 

Gross Observations — The dog was very emaciated A large, deep ulcer on the 
lesser curvature, just above the pylorus, was seen to have eroded through the gastric 
wall The liver, pancreas and gastrohepatic ligament were bound together m a 
mass of adhesions at the site of perforation 

Microscopic Obsen*atioiis — The gastrointestinal tract was normal except for 
chronic indurated perforated gastric ulcer There was acute local peritonitis 
The spleen was loaded with phagocytes containing golden-brown pigment The 
liver and kidneys were normal 

Doc 7 — A dog weighing 8 5 Kg died on the thirty-second day of administration 
of cinchophen Autopsy was unavoidably delayed for one dav 




SWAN^CINCHOPHEN-PRODUCED ULCER IN DOGS 579 


Gross Observations — There were marked emaciation and acute diffuse peritonitis 
A large perforated gastric ulcer on the lesser curvature, just above the pjdorus, 
was present Because of the state of decomposition no sections were made 

Dog 8 — A German shepherd dog weighing 22 Kg was given cinchophen in 
doses of 150 mg per kilogram of body weight for thirty days The dog showed 
no toxic symptoms, remained lively and even gained weight The dose was then 
increased to 200 mg per kilogram for thirty days There was no observable 
effect The dog was plavful, ate well and remained fat Because the animal 
was desired for other purposes it was not killed for autopsy, but it was considered 
that this animal had failed to react to cinchophen with either the acute toxic 
response or the chronic ulceratne one 



Fig 4 (dog 9) — Photograph of the unfixed specimen, the stomach, gallbladder 
and duodenum, showing a punched-out ulcer just above tlie pylorus The probe 
indicates the site of the cholecystogastrostomy stoma 

The surgically treated senes comprised 5 animals A summary of 
their protocols follows 

Dog 9 — A dog weighing 13 Kg reco\ered without incident from the operation 
Two weeks after operation administration of cinchophen was begun The dog 
seemed well until about the fifteenth day when it began to act ill and to lose 
eight It went progressuely downhill and died on the thirty-eighth day of 
administration of cinchophen 

Gross Obserzatwns — The animal was emaciated The anastomosu was well 
healed and patent The common duct was ligated There was a 2 cm ulcer on 
the lesser curvature of the stomach just abo\e the p>Iorus 






Fig 6 (dog 9) — Photomicrograph of the edge of an ulcer in the ileuni> showing 
destruction of the mucosa and an acute inflammation of the submucosa X 
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Microscopic Obscnatiojis — Ulcer The ulcer extended entirely through the 

wall of the stomach, its base being formed by the adherent luer Anastomosis 
This was firmly healed b> fibrosis There was moderate chronic inflammation 
of the gallbladder Small Bowel There were areas of chronic ulceration extend- 
ing into the submucosa Kidne>s Ihere were degeneration, edema precipitate m 
the capsular spaces and casts Luer This organ was normal 

Dog 10 — A German shepherd dog weighing 23 Kg had a rapid, uneventful 
recovery from operation Administration of cinchophen was begun on the ninth 
postoperative day The dog was given 5 Gm a day five days a week for sixty 
days without showing any toxic effect It was then given 6 Gm doses in capsules 
It began to appear ill, lost weight and died on the one hundred and twenty-first 
day after administration of cinchophen was started 

Gross Observations — The stomach contained no ulcers, but scattered through- 
out the jejunum and ileum were small necrotic ulcerations The stoma was 
patent and the common duct ligated 

^Itcroscopic Obscrzations — The stomach was normal except for much sub- 
mucosal edema, and the anastomosis was well healed The gallbladder was tJiick- 
ened witli chronic inflammation The small bowel showed areas of ulceration 
where the mucosa was destroyed the muscularis mucosae lost and the submucosa 
thickened and inflamed Some ot the liver cells showed degenerative changes 
The kidneys were normal 

Dog 11 — A dog w^eighing 5 Kg recovered rapidly from the operation. Admin- 
istration of cinchophen was begun on the thirteenth postoperative day The dog 
soon appeared ill, lost weight and passed tarry stools , it died on the thirteenth 
day of administration of cinchophen 

Gross Observations — There was emaciation The stomach appeared normal 
and the stoma patent, the common duct had been se\ered The small bowel con- 
tained multiple deep red erosions and ulcerations, and there was gross blood in 
the intestinal contents 

Microscopic Obsenations — The stomach, liver and kidneys were normal The 
stoma was well healed The gallbladder showed subacute inflammation The small 
bowel revealed multiple hemorrhagic erosions Free hemorrhage occurred into 
the muscularis, into the submucosa and especially into the base of the mucosa 
dissecting the glands off the basement membrane Around the areas of hemor- 
rhage there was an acute inflammatory reaction Macrophages containing brown 
pigment could be seen in these areas The large bowel contained ulcerations a 
chronic inflammatory reaction of the submucosa forming the base The spleen 
was crowded with macrophages filled with brown pigment 

Dog 12 — A dog weighing 10 Kg made an uneventful recovery from operation 
Administration of cinchophen was begun three weeks after operation For two 
months it was administered in meat balls there was not much e\idence of toxiciU 
The dog then began to refuse the drug and so it was administered in capsules The 
animal soon began to appear somewhat thinner and less responsive but not acutely 
ill Surgical exploration was done on the one hundred and eighteenth da} of 
administration of cinchophen No gastric lesion was found On the sixth post- 
operative da} the dog was eviscerated in a fight and died 

Gross Obscnxittons — There was evTsceration Three major hepatic ducts fused 
to form the common duct, and the c}stic duct came off one of the hepatic ducts 
’This hepatic duct had been ligated and severed Part of the bile, therefore had 
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entered the intestinal tract via the common duct and part via the cholecysto- 
gastrostomy opening A 6 mni ulcer was found just distal to the pylorus in the 
posterior duodenal wall 

^lic) oscopu Obscwations — The stomach contained small areas of subacute 
inflammation deep m the mucosa, involving the musculans mucosae The anasto- 
mosis was firmly knit and the mucosal surface entirely covered The ulcer had a 
chronically inflamed base extending through the musculans, with considerable 
fibrosis of the surrounding tissue Recent acute inflammation, extending in under 
the edges and involving the adjacent musculans, w^as seen The liver showed 
subacute inflammation in the periportal areas, suggesting earl} cholangitis The 
kidneys were normal 

Dog 13 — A dog weighing 7 Kg seemed to lose its appetite after operation 
and loss of weight However, it soon began to eat better, and it seemed well 
when administration of cinchophen was begun, four wrecks after operaflon It 
rapidly became sick, vomited, passed tarry stools and retused food It died on 
the ninth day of treatment 

Gross Observations — The dog was thin A large, deep ulcer was located on 
the lesser curvature, just above the pylorus 

Microscopic Observations — The ulcer showed an inflamed base extending all 
the way through the musculans , the pancreas and the liver were adherent at 
this point The edges were undermined and inflamed The anastomosis was well 
healed , there was cholecystitis The stomach was moderately congested , one 
small area of acute inflammation of the mucosa and submucosa was seen Else- 
where It was normal The liver showed acute cholangitis, but the parenchyma 
was not involved The renal tubules showed slight cloudy swelling 


RESULTS 

There was little observable difference m the reaction of the t\vo 
series of animals to administration of cinchophen All the animals in 
the group operated on and all but 1 of the control group showed gastro- 
intestinal lesions which led to a fatal termination Both groups likewise 
responded with a similar clinical reaction and a similar pathologic picture 
From about the third to the eighth day there was a period of apparent 
acute toxemia — the animals lost their vigor, refused to eat, suffered 
nausea and vomiting and lost weight Some of the animals died in this 
stage, and acute gastritis and ententis were observed, together with 
cloudy swelling in the liver and kidneys The lesions were diffuse, 
usually superficial, hemorrhagic and acutely inflamed If the anima 
survived this period it seemed to become much less ill, energy an 
responsiveness returned, and it began to eat Soon, however, it starte 
to become thin It tended to sit in a characteristic manner, the forefeet 
very close to the hindfeet and the abdomen drawn in as if the annna 
were suffering abdominal pain Death for these animals was often 
rapid, tollowing a perforation, or was preceded by a day or two of tarr} 
btools indicating gross intestinal hemorrhage Autopsy revealed a snij, ^ 
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deep gastnc or diiodeiial ulcer, inuitzple deep jejunal and ileal ulcers 
or, as in 1 animal, both types of lesions The liver and kidneys tended 
to be normal The accompanying table demonstrates this similarity of 
response of the two groups of animals 

COAI MENT 

The pathologic progress in both series of animals w^as entirely similar 
to that described by Bollman and his associates and by Simonds Acute 
hemorrhagic and edematous gastritis wnth scattered areas of acute inflam- 
mation first appeared These lesions then regressed, the mucosa tended 
to become normal except for one ulcer, which increased in size, the 
edges became undermined, and the ulcer extended deep into the muscu- 
Ians The lesion was almost invariably situated just above the pylorus, 
on the lesser cuiw^ature 

Several of the animals had similar ulcerations throughout the small 
bow^el, a condition not emphasized in previous communications In the 
acute phase these consisted of multiple scattered areas of hemorrhagic 

Pathologic Ohsenatwns 



\cutc 

Chronic 




Gastritis and 

Peptic 

UIcerati\e 



Enteritis 

Ulcer 

Enteiltls 

^0 Lesions 

Control dogs 

2 

4 

2 

1 

Surglcullj treated dogs 

1 

3 

1 

0 


erosion and acute inflammation, with strands and masses of polymorpho- 
nuclear cells appearing in the mucosa In the later stage the ulcerations 
became less numerous but much larger and deeper, being in some 
instances 2 or 3 cm m diameter and extending halfway around the 
lumen of the intestine The mucosa ended abruptly, and the adjacent 
submucosa was thickened and chronically inflamed The base of the 
lesion was formed by thickened submucosa The muscularis mucosae 
was destroyed, and the surface consisted of acute inflammatory tissue 
and necrotic debns Rarely did these lesions extend into the musculans 
Itself, and, while hemorrhage from them was commonly observed, they 
were never seen to have perforated The edges of such lesions are to 
be seen in figures 2 and 6 Whate\er is the mode of action of cinchophen 
in causing gastrointestinal ulcerations, it seems apparent that it exerts 
Its toxic eftect throughout the length of the bowel 

^ly material also confirms the finding of others that there is no 
chronic or severe damage to the Iner despite the massne and prolonged 
administration of cinchophen Some cloudy swelling is noted m the 
acute toxic phase, but this tends to clear up The onl) animal showing 
definite change in the Iner was the dog who burvned fi\e months after 
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opeiatioii This was subacute cholangitis, a lesion which has been found 
by many workeis to appear almost m\ariabl\ m dogs after cholec}sto- 
gastrostomy This subject has been re\ie\\ed b) Gentile ““ 

The presence of a brownish pigment noted microscopically in se\eral 
of the animals is of interest It uas seen in 1 case m the ulcerated areas 
m the stomach, m 2 m macrophages in the spleen and m 1 m the kidneys 
It did not take an iron stain The i elation of this to the mode ot action 
ot cmchophen is not clear, but that there is a relation seems highh 
probable 

SUMAIARY \ND CONCLUSIONS 

Two senes of animals uere fed old cmchophen fite dajo a ueek 
On one group, ot 5 dogs, pre^ lous cholect stogastrostoni} n ith ligation 
of the common duct was pei formed , the other group, ot 8 dogs, ser\ ed 
as controls 

No significant difterence m the incidence ot gastrointestinal ulcera- 
tions was noted in the two groups All the animals ot the surgicalh 
treated group and all but 1 of the control group died of intestinal lesions 
The presence of bile m the stomach is not adequate to protect that 
oigan from the cinchophen-induced ulcer 

A hitherto unemphasized ulcerative enteritis occurring in a good 
percentage of both groups is described 

Cmchophen appears to be toxic to the mucosa of the entire intestinal 
tract 

Dr W C Black furnished helpful criticisms and guidance throughout the 
work described 

39 Gentile, A Cholecystogastrostomj'^ and Hepatitis, Arch Surg 30 449 
(March) 1935 



METABOLISM OF VITAMIN K AND ROLE OF 
THE LIVER IN PRODUCTION OF PRO- 
THROMBIN IN ANIMALS 

JERE W LORD Jr, MD 
WILLIAM DeW ANDRUS, AI D 

AND 

ROBERT A MOORE, MD 

NEW \0IIK 

The hemorrhagic tendency associated with obstructive jaundice, with 
prolonged biliary fistula and with certain t}pes of hepatic damage has 
been a well recognized clinical entit} for man} }ears However elucida- 
tion of the underlying cause of the bleeding has been accomplished only 
recently There have been many experimental studies of the various 
components of the blood which pla> a role in the process of coagulation, 
and until lately the cause of the clotting defect had not been found 
Moss ^ in 1933 demonstrated that the concentration of plasma fibrinogen 
IS normal in dogs with obstructive jaundice Carr and Foote - m 1934 
confirmed the results of Moss and showed that massive parenchymatous 
hemorrhage occurred in dogs with obstructive jaundice if lite was pro- 
longed to fifteen weeks 

In 1935 and 1936 Hawkins and Whipple ^ and Hawkins and Bnnk- 
hous** demonstrated the hemorrhagic tendency in dogs wuth biliary 
fistulas and showed that the bleeding was due to a deficiency of plasma 
prothrombin The relation of vitamin K and the level of plasma pro- 

This study was carried out under a grant from the John and Mary R !MarkIe 
Foundation 

From the Department of Surgery and Department of Pathology of the New 
York Hospital and Cornell University Medical College 

1 Moss, W Experimental Obstructive Jaundice Its Effect on Fibrinogen 
and Coagulation of the Blood. Arch Surg 26 1-19 (Jan ) 1933 

2 Carr, J L , and Foote F S Progressive Obstructi\e Jaundice Changes 
ill Certain Elements of Blood and Their Relation to Coagulation, \rch Surg 
29 277-296 (Aug) 1934 

3 Hawkins, W B , and Whipple, G H Bile Fistulas and Related ^bnor- 
tnalitics Bleeding, Osteoporosis, Cholehtliiasis and Duodenal Ulcers J Exper 
Med 62 599-620 (Oct ) 1935 

4 Hawkins, W B , and Bnnkhous KL AI Prothrombin Deficient the Cause 
of Bleeding in Bile Fistula Dogs, J Exper Mtd 63 /95-801 (June) 1936 
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thrombin m dogs u ith biliary fistulas was determined by Smith, Warner, 
Bnnkbous and Seegers m 1938 

In 1937 Smith, Wainei and Brmkboiis ^ showed the intimate rela- 
tion between plasma prothiombm and hepatic tunction by damaging 
the livers ot dogs with chloroform In their experiments the level of 
plasma prothrombin fell rapidly to 5 to 10 per cent of normal within 
twent\-four hours m cases of acute poisoning, and six to seven days 
elapsed before the return to normal was complete Warner ‘ performed 
partial hepatectom\ m rats and was able to bring about a fall in the 
plasma prothrombin to 30 to 40 per cent of normal 

The experimental work on which the present paper is based is the 
study of the role of vitamin K and the liver in the formation of plasma 
prothrombin in the dog 

METHODS 

Normal mongrel dogs weighing between 25 and 40 pounds (113 and 181 Kg) 
w^ere used, and obstructive jaundice was produced in certain of them by dmsion 
of the common bile duct betw^een ligatures In some of these animals a chole- 
C 3 ’^stectomy was also performed Biliary fistulas were established in other dogs 
b}'' the technic of Kapsinow^ Engle and Harve}’* ® b}^ means of cholecystonephros- 
tomy after ligation of the common duct Total hepatectomy w^as performed by the 
methods of Alann ^ and of Alarkowntz, Yater and Burrows The technic of 
Warner, Bnnkbous and Smith was used in all determinations of the ^^lue for 
plasma prothrombin, and the vitamin K content of tlie livers w^as assayed by the 
curative method 

The diet of all the animals was carefully regulated, since Bollman and Mann 
have demonstrated the importance of diet in any experimental study of tlie func- 

5 Smith, H P , Warner, E D , Bnnkbous, K. M , and Seegers, W H 
Bleeding Tendency and Prothrombin Deficiency in Biliary Fistula Dogs Effect 
of Feeding Bile and Vitamin K, J Exper Med 67 911-920 (June) 1938 

6 Smith, H P , Warner, E D , and Bnnklious, K M Prothrombin 
Deficiency and the Bleeding Tendency in Liver Injury (Cliloroform Intoxication), 
J Exper Med 66 80L8U (Dec) 1937 

7 Warner, E D Plasma Prothrombin Effect of Partial Hepatectomy, J 
Exper Med 68 831-835 (Dec) 1938 

8 Kapsinow, R , Engle, L P , and Harvey, S C Intra-Abdominal Bihary 
Exclusion from the Intestine , Cholecystnephrostomy, a New^ ^Method, Surg , Gynec. 

Obi.t 39 62-65 (July) 1924 

9 ^lann, F C Studies in the Physiology of the Liver I Technic an 
General Effects of Removal, Am J M Sc 161 37-42 (Tan) 1921 

10 ^^larkowitz, J , Yater, W M , and Burrows, W H A Simple One-Stage 
Technic for Hepatectomy in the Dog, with Some Remarks on the Clinical 
tomatolog\ of Terminal Hepatic Insufficlenc^ , J Lab & Chn Med 18 1271- -/ 
(Sept ) 1933 

11 Varner E D, Bnnkbous, K M, and Smith, H P A Quantitative 
Study on Blood Clotting Prothrombin Fluctuations Under Experimental Con i 
tioiib, Am J Pin siol 114 667-675 (Feb ) 1936 

12 Bollman J L , and Mann, F C The PlnMology of the Impaired Lner, 
Ergcbn d PlnMol 38 445-492, 1936 
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tion of the liver A high carbohydrate, low fat, meat-free diet not only is of 
value in maintaining the health of dogs with hepatic damage but is effective in 
prolonging the life of animals with obstructive jaundice The composition of the 
diet employed in all experiments was as follows 


Diet D-3 

Food 

Milk 

Bread 

Karo 

Tomato juice 
Cod liver oil 
Brewers’ yeast 

Iron and ammonium citrates (50% solution) 


Amount 

500 cc 
4 slices 
100 cc 
30 cc 
4 cc 
2 Gm 

4 cc to each quart 
of tomato juice 


This diet contains 32 Gm of protein, 5 Gm of fat and 184 Gm of carbo- 
hydrate and has an approximate total caloric value of 909 calories To illustrate 
the effectiveness of this diet in prolonging the lives of dogs with obstructive 
jaundice, two groups of animals are compared, one of which was fed a stock 
kennel food called diet D-1 while the other was fed the special diet D-3 


Diet D-1 
Diet D-3 


Number Average Num- 
of Dogs her of Days 

4 47 

5 75 


OBSTRUCTIVE JAUNDICE 

In 1934, C^rr and Foote “ produced m dogs the hemorrhagic ten- 
dency associated with obstructive jaundice Their animals lived approxi- 
mately fifteen weeks, and death was due to massive hemorrhage in 3 
experiments and to hepatic insufficiency associated with cirrhosis m 2 
others They noted in the later stages of the experiments that, although 
the clotting time did not become prolonged, the clot was defective It 
was bulky and fragile and failed to retract satisfactorily The level of 
plasma fibrinogen showed no change during the experiment, thereby 
confirming the work of Moss,^ who, m 1933, had failed to observe anv 
change in this substance m dogs with biliarv obstruction 

That the hemorrhagic tendency associated with obstructive jaundice in dogs is 
the result of a plasma prothrombin deficiency is evident in chart 1 After ligation 
and division of the common bile duct the plasma prothrombin fell progressneb 
to 15 per cent of normal in one hundred and five days The death of the animal 
on the one hundred and eighteenth day was due to perforation of a duodenal 
ulcer and peritonitis 

In a group of 8 dogs in which obstructive jaundice was produced and which 
h\cd sixty-five days or more after operation, 3 exhibited parench} matous hemor- 
rbagL at autopsy For 2 of these 3 dogs the \aluc for plasma prothrombin was 
clow 20 per cent of normal while for the third it was 30 per cent oi normal 
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All 8 animals showed reduced levels of plasma protlirombm, and at autopsy the 
livers were observed to be small, firm, dark green and mottled On section the 
liver revealed white strands of fibrous tissue ^Iicroscopically the picture was 
one of obstructive biliary cirrhosis, with a moderate amount of connective tissue 
bridgmg the portal spaces and infiltration with lymphocytic and a few mono- 
nuclear cells Centrally, the biliary canaliculi contained plugs of inspissated bile 
A. characteristic observation m all but 2 animals was one or more duodenal ulcers, 
and m 2 instances perforation of the ulcer was directly responsible for the animals 
death In no dog was any bile found in the intestinal tract 

It seems evident from these experiments on the dog that the fall m 
plasma prothrombin associated with obstructive jaundice may be due 
to one or two factors or to their combination In the first place, owing 
to ligation and division of the common ducts, bile cannot reach the intes- 
tinal tract, and presumably absorption of fat-soluble vitamins, such as 
vitamin K, is defective Prothrombin formation is thereby interfered 


Percent 



Chart 1 — Effect of ligation of the common bile duct on the level of plasma 
prothrombin 

With as the available stores of vitamin K are exhausted Secondly, 
obstructive jaundice produces a conspicuous change in the liver, the 
later stage of which is represented by obstructive biliary cirrhosis, and 
hepatic functions — among them the production of prothrombin — suffer 
concomitantly with the morphologic changes m the liver 

BILIARY FISTULA 

In order to eliminate the factor of obstructive cirrhosis, dogs were 
subjected to cholecystonephrostomy and division and ligation of the 
common bile duct by the method described by Kapsinow, Engle and 
Harvey In 1935, Hawkins and Whipple ^ reported a variety of abnor- 
malities which followed the establishment of bihar}^ fistulas m dogs b} 
this method, and among the changes noted purpura and spontaneous 
bleeding were conspicuous Three to four months elapsed before hemor- 
rhages w ere observed, and these investigators stated the belief that a 
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deficiency m plasma prothrombin was the underlying cause for the 
hemorrhage In the next year Hawkins and Brmkhous ■* demonstrated 
the deficiency in prothrombin as the cause of the hemorrhagic tendency 
associated with biliary fistulas of prolonged duration and found that the 
feeding of whole bile both prevented and cured the condition 


“Percent 



Chart 2 — Effect of an internal biliary fistula on the level of plasma pro- 
thrombin 



Chart 3 — Effect of feeding bile salts, 1 Gm four times a day, to a dog with 
an internal biliary fistula 

Smith, Warner, Brmkhous and Seegers,"" extending this work, 
observed that feeding bile salts alone was only partially effective in 
raising the plasma prothrombin They found that whole bile was more 
effective than bile salts in elevating the level of plasma prothrombin but 
that administration of concentrated vitamin K in the presence of bile or 
bile salts brought about a rapid increase in the plasma prothrombin 
They observed that viosterol was without effect 

•Vn example of the characteristic fall m plasma prothrombin following the 
^^cUlSlon of bile from the intestinal tract but without hepatic damage can be seen 
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m chart 2 This animal was killed on the one hundred and si\ty-fifth post- 
operative day while in a state of excellent health That bile salts alone are not 
adequate to maintain the prothrombin level of the blood in the absence of excess 
vitamin K in the diet is demonstrated in chart 3 The animal represented had 
a biliary fistula for one hundred and thirty-five days and died as a result of a 
massive gastrointestinal hemorrhage with a plasma prothrombin level of only 5 per 
cent of normal Autopsy demonstrated that the bleeding was parenchymatous 
Administration of bile salts with adequate intake of vitamin K, however, brings 
about a prompt rise of the level of plasma prothrombin (chart 4) The animal 
represented had a low level of plasma prothrombin as a result of a long-standing 
biliary fistula, and when 14,000 units of vitamin K (klotogen) and 14 Gm of bile 
salts (bilron) were fed over a period of twelve days, the level of plasma pro- 
thrombin rose from 10 per cent to 70 per cent of normal It is worthy of note 
that when the vitamin K therapy was discontinued there was a prompt fall in 
plasma prothrombin to a level of 20 per cent in eight days, indicating that storage 
of the vitamin in the liver had apparently not taken place 

Tfercent 



Chart 4 — Effect of feeding vitamin K (2,000 units) and bile salts (2 Gm) to 
a deficient dog with an internal biliary fistula 


In order to investigate the relation between the level of plasma prothrombin 
and the amount of vitamin K in the liver, the vitamin K content of the livers 
of the aforementioned 14 dogs was assayed In all, 7 dogs were subjected to 
ligation and division of the common bile duct, 5 dogs had biliary fistulas, an 
2 animals (not operated on) were kept on the same diet as the operative groups 
for a similar length of time, approximately one hundred days The liver of eac i 
animal was removed at autopsy after the dog had either been killed or died, an 
was dried by the cryochem process The dried liver was then assayed for t le 
curative value in vitamin K— deficient chicks Chart 5 shows a spot graph of tie 
results in which the terminal value for plasma prothrombin of the dog is pm ^ 
against the Howell prothrombin time of the treated chicks 

The normal liver evidently contains sufficient vitamin K so that the pim 
thrombin time of the chicks to which it is fed is from six to ten minutes b> t m 
curative method of assay Livers devoid of vitamin K are indicated by the chic s 
prothrombin time of thirty minutes It is clear from the chart that there is^ 
linear relation between the level of the plasma prothrombin and the \itaniin 
content of the li\er This is evidence that the value for plasma prothrombin a 
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concomitantly with the depletion of the store of vitamin K m the liver, and thnt 
the fall IS not delayed until the store is exhausted 

In order to observe the effect of instillation of vitamin K and bile salts directly 
into the duodenum at laparotomy, a dog with a biliary fistula which had a plasma 
prothrombin concentration of 18 per cent was operated on, and 10,000 units of 



•-Ligation of conunon bile duct 
X Internal biliary fi&tula. 

Chart 5 — Vitamin K content of the liver m relation to plasma prothrombin 


Ifer cent 



Chart 6->Effect of instillation into the duodenum at laparotomy of 10,000 units 
of Mtamin K and 2 Gm of bile salts in a dog with an internal biliary fistula 

'Jtamin K (klotogen) and 2 Gm of bile salts (bilron) were instilled directl> into 
the duodenum The level of plasma prothrombin fell immediately postoperatncly, 
and associated with this there was hemorrhage from the wound Within ten 
hours of the operation the level of plasma prothrombin had risen to 45 per cent 
of normal (chart 6) Twenty-one hours after the instillation of vitamin K the 
'aluc was 65 per cent of normal Three days later it had again fallen to less 
than 5 per cent of normal 
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ROLi: OF LIVFR IN SYNTIILSIS OF PKOTHKOMBIA 

Smith, Warner and Bnnkhous,^ using chloroform as the hepato- 
toxin, observed a precipitous fall in plasma prothrombin to less than 10 
per cent of normal within twenty-foui hours of the chloroform anes- 
thesia, and the return to normal was not complete until six days had 
elapsed With the foregoing evidence in mind, we have studied the 
plasma piothrombin aftei a variety of injuries to the liver (1) 
mechanical trauma, (2) partial hepatectomy and (3) total hepatectomy 

The effect of mechanical trauma to the hvcr on the plasma prothrombin was 
investigated by one of us (J W and it was found that after gentle 

massage of the liver for twenty-five minutes a precipitous fall occurred in the 
level of plasma prothrombin to 75 per cent of normal and that the return to 
normal was not complete until sometime between the fourth and the seventh 
postoperative day (chart 7) Simple laparotomy and operations of the magnitude 
of a gastroenterostomy were without effect on the plasma prothrombin 

Ifepcent 



Chart 7 — Effect of mechanical trauma to the liver on the level of plasma 
prothrombin 

Partial hepatectomy in which approximately 25 per cent of the liver was 
removed in I dog was followed by a progressive fall in the level of plasma pro- 
thrombin to 60 per cent of normal within forty-eight hours and a return to 
normal after seven days A second animal showed a similar fall in the level ot 
plasma prothrombin following partial hepatectomy but died of bronchopneumonia 
on the third postoperative day 

Andrus, Lord and Moore and Warren and Rhoads independeiitlv 
performed total hepatectomy in dogs and found that the plasma pro- 
thrombin fell progressively to low levels The former investigators 

13 Lord, J W , Jr The Effect of Trauma to the Liver on the Plasma 
Prothrombin An Experimental Study, Surgery 6 896-898 (Dec ) 1939 

14 Andrus, W DeW , Lord, J W , Jr , and jMoore, R A The Effect ot 
Hepatectomy on the Plasma Prothrombin and the Utilization of Vitamin K. 
Surger> 6 899-900 (Dec) 1939 

15 Warren, R, and Rhoads, J E The Hepatic Origin of the PlaMiia* 
Prothrombin Obsc^^atIons After Total Hepatectoim in the Dog *\ni J ^1 
198 193-197 (Aug) 1939 
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found that the concentration fell to less than 20 per cent of normal in ten 
hours and to 5 per cent of noniial in 2 dogs that lived longer than ten 
hours (chart 8) and that instillation of 10,000 units of vitamin K and 
2 Gm of bile salts into the duodenum at the end of the operation failed 
to alter the typical curve observed in the hepatectomized animals without 
such instillation 

It IS evident that, regardless of the mode of injury to the liver, such 
injury is reflected in a prompt fall in the concentration of plasma pro- 
thrombin 

COMMENT 

In many respects there is some similarity behveen the underlying 
mechanism responsible for the bleeding tendency due to louered con- 
centrations of plasma prothrombin and that producing anemia of the 

Pter cent 



Chart 8 — Effect of total hepatectomy on the level of plasma prothrombin 

addisonian type In the latter the extnnsic factor m the diet is com- 
parable to vitamin K itself, while the intrinsic gastric factor may be 
compared to the bile salts needed for absorption of vitamin K In the 
young chicken, lowered levels of plasma prothrombin have been occa- 
sioned by diets deficient in vitamin K In the dog, absence of bile salts 
m the intestinal tract is responsible for failure of absorption of vitamin K 
Whether there is an actual chemical reaction between this vitamin and 
bile salts or whether the bile salts act simply as a carrier of the vita- 
min K across the intestinal epithelium is as yet unsettled That the 
latter view is probably correct is substantiated bv the prompt and sig- 
nificant rise of 30 per cent m the plasma prothrombin within fort\ -eight 
hours in dogs given intramuscular injections of crystalline Mtamm K 
principle, 2-methyl-l, 4-naphthoquinone in oil Doses as small as 1 mg 

16 Andrus, W DcW and Lord J W Jr The Correction of Prothrombin 
Deficicno Means of 2-Mcthyl-l 4-Naplithoquinone InjtcUd Intramubcularl> 

J \ ^[ A 114 1336 1337 ( \pnl 6) 1940 
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are eftective The lack of the intrinsic factor in the stomach in the pres- 
ence of pernicious anemia and the defective absorption of the combined 
factoi in the presence of sprue both act to deprive the liver of the anti- 
anemic factor Likewise, the absence of bile salts in the intestine in the 
presence of obstructive jaundice or biliary fistula results in failure of 
absorption of vitamin K and therefore deprues the liver of that necessary 
element m the formation of plasma prothrombin 

That the liver forms plasma prothrombin is established beyond a 
reasonable doubt by the experimental evidence concerning the dog just 
mentioned Total or partial removal of the luer and mechanical or 
chemical trauma to the liver are reflected by prompt changes m the con- 
centration of plasma prothrombin In the dog with total extirpation 
of the liver the plasma prothrombin falls to extremely low levels (less 
than 10 per cent of normal), and the hemorrhagic diathesis becomes 
manifest m as short a period as fourteen hours after the operation 
Similarly, m the presence of chronic hepatic insufficiency as seen in cases 
of cirrhosis of the liver, m human beings, a macrocytic anemia is a 
prominent feature of that disease As the liver stores the antianemic 
principle, it likewise stores vitamin K m dogs This storage is evi- 
denced by the protective action of the dried livers of dogs when assayed 
in vitamin K— deficient chicks 


In resume, into the final formation of plasma prothrombin there enter 
an extrinsic factor, vitamin K, an intrinsic factor, bile salts, an absorp- 
tive mechanism, the intestinal epithelium, and the liver, which, in the 
case of plasma prothrombin, not only stores vitamin K but elaborates the 


plasma prothrombin 

The fate of plasma prothrombin after its formation m the liver and 
release into the circulating blood has been the subject of some recent 
experimental work Certain studies point to the lungs as the site o 
disappearance of plasma prothrombin Samples of circulating blood taken 
simultaneously from the arterial and the venous supply of various organs 
m the dog revealed no significant variation m the level of plasma pro 
thrombin with the one exception of blood circulating to and from the 
lungs In 17 of 20 experiments (85 per cent) plasma prothrombin m 
the samples of blood taken from the left ventricle averaged 10 6 per 


cent less than m samples from the right ventricle 

A possible explanation of this role of the lung m the loss of plasma 
prothrombin is thought to be the production of blood platelets m t is 
organ, as demonstrated by^ Howell and Donahue Platelets, as t ej 


17 Andrus, W DeW , Lord, J W , Jr , and Kauer, J T Studies on the 
Fate ot Plasma Prothrombin, Science 31 48-50 (Jan 12) 1940 

18 Howell, W H and Donahue, D D The Production of Blood Plate e 
m the Lungs, J E\per Ivied 65 177-203 (Feb ) 1937 
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undergo disintegration, initiate the first stage of the clotting process by 
releasing thromboplastin, which, in the presence of calcium, changes pro- 
thrombin to thrombin 

SUM MARY AND CONCLUSIONS 

A brief historical resume of some of the experimental evidence con- 
cerning the relation between the hemorrhagic diathesis, plasma pro- 
thrombin and vitamin K is presented 

The protective eftect on the liver of a carefull} selected diet is 
demonstrated 

Bile must reach the intestinal tract for the proper absorption of the 
fat-soluble vitamin K The essential substance in bile is the bile salts 
In dogs with obstructive jaundice or biliary fistula, bile salts alone 
when fed by mouth in the absence of added vitamin K do not suffice to 
prevent a fall in the level of plasma prothrombin 

Vitamin K after absorption is stored m the liver Partial loss of 
the stores of vitamin K in the liver is reflected in a linear manner by a 
fall in the level of plasma prothrombin 

The liver is the site of formation of plasma prothrombin A healthy, 
normally functioning liver is required for the maintenance of a normal 
level of plasma prothrombin 

A comparison has been made between the factors whose derange- 
ment results m pernicious anemia and the vitamin K-plasma prothrombin 
relation That these two entities are decidedly similar physiologically 
and anatomically is noted 

Prothrombin is continuously disappearing from the circulating blood, 
and experiments point to the lung as the site of this loss 

When plasma prothrombin falls to low levels because of inadequate 
absorption, hepatic damage or both, the hemorrhagic tendency becomes 
^anifest The critical level of the plasma prothrombin is approximately 
per cent of normal by the method used in these studies 



CLINICAL INVESTIGATIONS OF SOME FACTORS 
CAUSING PROTHROMBIN DEFICIENCIES 

SIGNIFICANCE OF THE LIVER IN THEIR PRODUCTION AND CORRECTION 

WILLIAM DeW ANDRUS, MD 
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JERE W LORD Jr, MD 

NEW YORK 

The hemorrhagic tendency sometimes seen in patients with obstruc- 
tive jaundice has been the subject of a great deal of clinical and experi- 
mental investigation since Smith ^ remarked on it nearly fifty years 
ago This has now culminated in discovery of the underlying deficiency 
and of measures by which it can promptly be corrected in most cases 
In the process of the investigations many bypaths have also been 
explored, and while m them the ultimate cause was not found, among tlic 
accumulated data facts were encountered which contributed to the final 
solution of the problem The spectacular developments of the past few 
years are due m part at least to such facts and to theories developed over 
many years as one after another of the recognized clotting elements of 
the blood was considered as possibly involved and then dismissed 

A deficiency of calcium was long held to be of importance,' and as 
finer methods became available for studying the various fractions of this 
element m the blood, these too were studied,® but without consistent 
results Changes in the fibrinogen content of the blood were also consid 
ered, but such alterations as were demonstrable in cases of obstructive 
jaundice were not consistent and tended to be on the side of increase 
rather than of decrease m this component ^ 

This study was earned out under a grant from the John and Mary R MarkI 
Foundation 

From the Department of Surgery of the New York Hospital and Come 
University Medical College 

1 Smith, G Abdominal Surgery, Philadelphia, P Blakiston s Son ^ • 

1891, p 610 

2 King, J H , and Stewart, H A The Effect of the Injection of Bile on th 
Circulation, J Exper Med 11 673, 1909 Walters, W Pre-Operative 

tion of Patients with Obstructive Jaundice, Surg, Gjnec & Obst 33 651, 

Lee, R I , and Vincent, B The Relation of Calcium to the Delayed Coagu atioi 
of Blood in Obstructue Jaundice, Arch Int !Med 16 59 (Jul>) 1915 

3 Gunther, L , and Greenberg, D M Diffusible Calcium and Protein 
Blood Serum in Jaundice, Arch Int Med 45 983 (June) 1930 
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These fibrinogen studies were the first of a number in which devia- 
tions from the normal values of several constituents of blood, such as 
dextrose,® cysteine and the related mercaptans ^ and the lipid amino 
nitrogen compounds,^ were described as accompanying obstructive 
jaundice and were considered as possibly responsible for the bleeding 
tendency Subsequent work, however, indicates that they are better 
explained as results of damage to the liver associated with the cause of 
the jaundice or due to obstructive cirrhosis, being thus concomitants 
rather than causes of the hemorrhagic tendency 

Clinical and laboratory tests designed to detect abnormalities of the 
clotting mechanism were improved and demonstrated more conclusively 
qualitative defects, as expressed in prolonged bleeding time in the pres- 
ence of stasis ® and poor retractility of the clot ° Methods later appeared 
tor more accurate estimation of the prothrombin content of the plasma/® 
which finally led to the discovery that the level of this component of the 
clotting mechanism may be depressed when bile is absent from the 
intestinal tract and that it is consistently and markedly lowered in 
subjects who show the bleeding tendency either in cases of obstructive 
jaundice or in cases of biliary fistula 

4 Linton, R R Relation of Blood Fibrin to Haemorrhagic Diathesis of 
Obstructive Jaundice, Ann Surg 96 394, 1932 Lewisohn, R Haematologic 
Studies as Basis for Determining Risk of Post-Operative Haemorrhage in 
Jaundice Patients, ibid 94 80, 1931 Moss W Expenmental Obstructive 
Jaundice Its Effect on Fibrinogen and Coagulation of the Blood, Arch Surg 26 

1 (Jan ) 1933 

5 Partos, A , and Svec, F Gesetzmassiger Zusammenhang zwischen Blut- 
zuckergehalt und Blutgennnungszeit, Arch f d ges Physiol 218 209, 1927 
Cannon, W B, and Gray, H Factors Affecting the Coagulation Time of Blood, 
Am J Physiol 34 232, 1914 

6 Carr, J L , and Foote, F S Progressive Obstructive Jaundice, Arch 
Surg 29 277 (Aug ) 1934 

7 Andrus, W DeW , and Moore, R A Lipid Ammo Nitrogen Content 

of the Blood in Diseases of the Liver and Biliary Tract, Arch Surg 39 3 (July) 
1939 

^ Ivy, A C , Shapiro, P F , and Melnick, P The Bleeding Tendency in 
Jaundice, Surg , Gynec & Obst 60 781, 1935 

9 Boyce, F F , and McFetndge, EM A Serum Volume Test for the 
Hemorrhagic Diathesis in Jaundice, J Lab & Clin Med 23 202, 1937 

10 (a) Quick, A J Stanley-Brown, M , and Bancroft, F W A Study of 
^ e Coagulation Defect in Hemophilia and Jaundice, Am J M Sc 190 501, 1935 
(^) Warner, E D , Bnnkhous, K M , and Smith, H P QuantitaUve Study 
on Blood Clotting Prothrombin Fluctuations Lnder Expenmental Conditions, Am 
J Phjsiol H4 667, 1936 

11 Bancroft, F W , Kugelmass, I N , and Stanley-Brown, M Evaluation of 

ood Clotting Factors in Surgical Diseases Ann Surg 90 161, 1929 N>gaard, 

^ ^ Coagulabihtj of Blood Plasma Remarks on Technic of Its Determina- 
tion, Proc Staff Meet, Ma>o Clin 9 151, 1934 Lewisohn •‘t* 
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The general eftects of jaundice or of prolonged loss of bile through 
external biliary fistulas on appetite and nutrition had been recognized 
for many years, and as long ago as 1907 Halsted advised and m his own 
cases earned out the collection of bile from such fistulas and its 
administiation to patients by means of a stomach tube — a practice since 
become common m many clinics A lenewed interest in the importance 
of the presence of bile in the intestinal tract was awakened uhen it was 
shown that in its absence absorption of the fat-soluble vitamins D and 
A was interfered with 

The discovery of a new accessoiy food factor, the fat-soluble 
vitamin K,^'* lack of which caused hemorrhagic disease m chicks, and 
the demonstration that restriction of this vitamin in the diet of chicks 
is associated with lowered levels of the prothrombin content of the plasma 
suggested that a similar situation might be responsible for the prothrom- 
bin deficiency associated with obstructive jaundice 

It was soon demonstrated that this was the case m rats vhen bile 
was absent from the intestinal tract in the presence of either obstructive 
jaundice or biliary fistula,^” since, as with other fat-soluble vitamins 
(A and D), bile salts are essential for absorption from the intestine The 
deficiency could be corrected by administration of vitamin K and bile 
salts The similar deficiency m dogs has also been demonstrated and 
corrected by the use of bile salts and alfalfa extracts 

12 Hawkins, W B, and Whipple, G H Bile Fistulas and Related 
Abnormalities Bleeding, Osteoporosis, Cholelithiasis and Duodenal Ulcers, J 
Exper Med 62 599, 1935 Hawkins, W B, and Bnnkhous, K AI Pro- 
thrombin Deficiency the Cause of Bleeding in Bile Fistula Dogs, ibid 63 759, 
1936 

13 Greaves, J D , and Schmidt, C L A Further Experiments on Role 
Played by Bile in Absorption of Vitamin D in Rat, Univ California Publ , Physiol 
8 43, 1934 , On the Absorption and Utilization of Carotene and Vitamin A m 
Choledochocolonostomized Vitamin A Deficient Rats, Am J Physiol HI 
1935 

14 Dam, H Haemorrhages in Chicks Reared on Artificial Diets Ne\v 
Deficienc}' Disease, Nature, London 133 909, 1934 Almquist, H J , and Sto 
stad, E L R Hemorrhagic Chick Disease of Dietary Origin, J Biol Chem 
116 105, 1935 Dam, H Antihaemorrhagic Vitamin of Chick Occurrence an 
Chemical Nature, Nature, London 135 652, 1935 

15 Dam, Sch^nheyder, F , and Tage-Hansen, E Studies on Mode o 
A.ction of Vitamin K, Biochem J 30 1075, 1936 

16 Grea%es, J D, apd Schmidt, C L A Nature of the Factor Concerne 
in Loss of Blood Coagulability of Bile Fistula Rats', Proc Soc Exper Biol 
Med 37 43, 1937 

17 Smith, H P , Warner, E D , Bnnkhous, K M , and Seegers, W H 
Bkeding Tendenc\ and Prothrombin Deficienc> in Biliar>" Fistula Dogs, J Expei* 
Med 67 911, 1938 Lord, J W , Jr , Andrus, W DeW, and I^Ioore, R 
Metabolism ot Vitamin K and Role of the Li\er in Production of Prothrombin in 
Animals \rch Surg , this issue, p 585 
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Widespread clinical application of these findings has confirmed both 
the significance of vitamin K in restoration of the plasma prothrombin 
to a normal level and the importance of bile salts m influencing its 
absorption from the intestinal tract Various vitamin K extracts were 
used in the earlier senes, many of them very crude as compared to the 
more recent compounds, but the results have been for the most part 
highly satisfactory 

We have followed the plasma prothrombin levels in two groups of 
cases of disease of the biliary tract and other conditions associated with 
deficiencies m this clotting component In the first series 22 patients 
were found to have low prothrombin levels and were therefore treated 
with vitamin K (klotogen or cerophyl) and bile salts (bilron) By 
means of such therapy, plus transfusions for certain patients, we were 
able uniformly to bring about a cessation of hemorrhage when it w3.s 
present at the time of admission or to prevent its subsequent occurrence, 
except in 1 patient with carcinoma involving the bile passages, who died 
from a massive hemorrhage from an ulcer on the posterior aspect of the 
duodenum which had eroded into the pancreaticoduodenal artery In 
this patient the prothrombin level of the plasma had previously been low 
but had responded promptly to appropnate therapy and at the time of 
the hemorrhage was nonnal Quite obviously the bleeding was uncon- 
nected with any prothrombin deficiency 

In the course of further work on the chemical composition of the 
vitamin it was finally isolated in two forms, which \\ ere shown to be 
1, 4-naphthoquinones Almquist and Klose showed that phthiocol 
(2-methyl, 3 hydroxy-1, 4-naphthoqumone) possesses some vitamin K 
activity, and, being readily available, this substance has been satistactonly 
employed both orally and intravenously for the correction of prothrombin 

18 Warner, E D , Bnnkhous, K M , and Smith, H P Bleeding Tendency of 

Obstructive Jaundice Prothrombin Deficiency and Dietar> Factors, Proc Soc 
Exper Biol & Med 37 628, 1938 Butt, H R , Snell, A M , and Osterberg, 
A E The Use of Vitamin K in Treatment of the Hemorrhagie Diathesis in Cases 
of Jaundice, Proc, Staff Meet, Ma>o Chn 13 74, 1938 Further Observations on 
the Use of Vitamin K in the Prevention and Control of the Hemorrhagic Diathesis 
in Cases of Jaundice, ibid 13 753 1938 Rhoads, J E The Relation of 

Vitamin K to the Hemorrhagic Tendency in Obutructive Jaundice, with a Report 
on Ceroph>l 'is a Source of Vitamin K Surgery 5 794, 1939 Stewart, J D , 
Rourke, G 2^1, and Mien A W Control of Postoperatue Bleeding in Obstructne 
Jaundice, Tr Am S A 57 258, 1939 

19 McKee, R W , Binkle}, S B MacCorquodale, D W , Tha>er, S A, 
and Doib\ , E A The Isolation of \ itamin Ki and K J A.m Chem Soc 61 
1295, 1939 

20 Almquist, H J , and Klosc A. A The Anti-Hcmorrhagic Actuit> of 
Pure SsiitliLtic Phthiocol J Am Chem Soc 61 1611, 1939 



600 


ARCHIVES OF SURGERY 


deficiencies The vitamin itself is believed to be 2-methyl-3, phytyl-1, 
4-naphthoquinone,-- and several other related compounds have been 
found to possess lesser degrees of vitamin K activity 

By far the most potent of all compounds so far investigated is syn- 
thetic 2-methyl-l, 4-naphthoquinone, which has been shown to be several 
hundred times as potent as phthiocol A recent study -■* indicates that 
its activity IS as great as 30,000,000 Dam units per gram, so that it is 
effective in extremely minute doses When it is given by mouth, bile 
salts are of course essential for its absorption from the gastrointestinal 
tract, and Rhoads and Fliegelman have recently reported satisfactory 
response to its administration by this route in 10 cases 

In August 1939 we began to use this substance exclusively for the 
treatment of prothrombin deficiencies, and at first, while we were con- 
ducting a series of experiments on animals to determine its effect and 
possible toxicity when injected intramuscularly dissolved in oil, it was 
administered orally When our studies had demonstrated its effectiveness- 
and lack of toxicity by intramuscular injection, we turned to this route 
with good effect, and since October 1 we have employed it in 38- 
cases, with strikingly successful results in the absence of damage to the 
liver Synthetic 2-methyl-l, 4-naphthoqumone is inexpensive, and intra- 
muscular injection of this substance dissolved in corn oil is so simple 
and effective that we believe this to be the simplest method of administra- 
tion m the treatment of prothrombin deficiencies When it is given by 
injection, the presence of bile salts m the intestinal tract is not necessary 
for its absorption, and its effect is evident within a few hours More- 
over, the influence of a single injection on the concentration of plasma, 
prothrombin may be prolonged, in many cases for at least a week As 
in the case of other substances with vitamin K activity, however, it 
would appear from both expenmental and clinical work that its effective- 
ness may be diminished or even abolished in the presence of severe 
damage to the liver 

21 Smith, H P . Ziffren, S E , Owen, C A , and Hoffman, G R 
and Experimental Studies on Vitamin K, J A M A 113 380 (July 29) 

Butt, H R , Snell, A M , and Osterberg, A E Phthiocol Its Therapeutic 
Effect in the Treatment of Hypoprothrombinemia Associated with Jaun ice 
Preliminary Report, Proc Staff Meet , Mayo Chn 14 497, 1939 

22 AlacCorquodale, D \V , Binkley, S B , Thayer, S A, and Doisy, E 
On the Constitution of Vitamin K, J Am Chem Soc 61 1928^ 1939 

23 Ansbacher, S , and Fernholz, E Simple Compounds with Vitamin 

Activity, J Am Chem Soc 61 1924, 1939 . 

24 Sjogren, B Die Vitamin K-Wirkung einiger Naphthochinone un 
Naphthochinondenvate, Ztschr f physiol Chem (nos 3-5 ) 262 1-3, 1939 

25 Rhoads, J E , and Fliegelman, U J The Use of 2-Methyl-l, 
thoquinone (A S>nthetic Vitamin K Substitute) in Treatment of Prothrom i 
DeficiencN in Patients, J A A 114 400 (Feb 3) 1940 
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In the preceding paper, covering animal expenments, certain points 
regarding the specificity of vitamin K, various aspects of its absorption 
and metabolism and its relation to the formation of prothrombin have 
been emphasized Many of these points find confirmation in the follow- 
ing clinical reports Thus chart 1 illustrates the course of a patient who 
was deeply jaundiced as a result of obstruction of the common duct due 
to carcinoma of the bile duct at a time when vitamin K therapy was 
not available^® Although bile salts were admistered and a number of 
transfusions given, it is evident that there was a definite vitamin K defi- 



Chart 1 — Data in the case of a man aged 67 Autopsy revealed carcinoma 
of the bile duct, with complete obstruction and hemorrhage in the viscera 

ciency in this case, with consequent lowering of the level of plasma 
prothrombin and severe bleeding Fortunately, only a relatively small 
proportion of patients with obstructive jaundice showed the bleeding 
tendency even m the days before the underlying cause was known, 
probabl}^ as is now known, because there is a sufficient reserve of vitamin 

26 The prothrombin curve in chart 1 is in terms of the prothrombin index, with 
which tht critical bkcding lc\cl is 70 The prothrombin cur\cs in all other figures 
arc in terms of per cent of normal b> tlic test of Warner, Brinkhous and Smith,*oi> 
In this tliL bkiding Ie\el is 20 to 25 per cent 
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K in the liver to maintain the concentration of prothrombin above the 
critical bleeding level for some time before it is exhausted 

That vitamin K may fail to be absorbed even m the presence of bile 
salts IS evident m the case the course of which is depicted in chart 2 
This patient, with so-called nontropical sprue, was suffering from severe 
diarrhea, with the passage of frothy stools daily Administration of bile 
salts and vitamin K m ordinarily adequate amounts failed completely to 
elevate the level of plasma prothrombin 

On the other hand, chart 3 illustrates the dramatic response to appro- 
priate therapy m what would probably have been a fatal case prior to 



Chart 2 — Data in the case of a woman aged 41 The diagnosis was nontropical 
sprue 


recognition of the fundamental defect and of means of correcting d 
The patient, who had suffered for eighteen months from cicatricia 
stenosis of the common duct, was bleeding from the intestinal tract at 
the time of admission Transfusions were first administered both to 
restore the blood lost and as a means of supplying prothrombin direct }, 
and at the same time adequate amounts of a vitamin K concentrate an 
bile salts w^ere administered orally The hemorrhage w^as prompt > 
controlled, and the plasma prothrombin was elevated within a feu 
to the normal level Such a response is to be expected unless some ot i^^ 
tactor, such as damage to the liver, interferes with the production 
prothrombin 
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The depressing eflfect of damage to the liver on the level of plasma 
prothrombin can be stnkingly demonstrated in animals,-'^ and, after 
complete hepatectomy at least, administration of even large doses of 
vitamin K fads to alter materially the curve of fall Clinical observations 
of the failure of response to vitamin K therapy in the presence of 
damage to the liver are depicted in charts 4 and 5 The patient whose 
course is illustrated in chart 4 was a 50 year old woman who was 



Chart 3 — Data in the case of a woman aged 47 The diagnosis was inflam- 
mator) stenosis of the common bile duct 


27 Smith, H P Warner, E D , and Brinkhous, K. M Prothrombin 
Deficiency and the Bleeding Tendency in Li\er Injury' (Chloroform Intoxication), 
J Exper \[cd 66 801, 1937 Warner, E D Plasma Prothrombin Effect of 
Partial Hepatectomy, ibid 68 831, 1938 Andrus, W DeW Moore, R A, 
and Lord, J W, Jr The Effect of Hepatectomy, on the Plasma Prothrombin and 
the Utilization of Vitamin K, Surgery 6 899, 1939 Lord, J W , Jr The Effect of 
Trauma to the Lucr on the Plasma Prothrombin, ibid 6 896 1939 Warren R, 
and Rhoad^, J E The Hepatic Origin of the Plasma Prothrombin Obaer\ation 
\fter Total Hepalectonn in the Dog \ni J M Sc 198 193, 1939 
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adinitted to the hospital ^\lth a temperature of 40 C She had suffered 
intermittently from symptoms of disease of the gallbladder tor eighteen 
years and had been somewhat jaundiced for five weeks Her condition 
was so precarious that she was treated consen^atively with blood trans- 
fusions, clysis and administration of vitamin K and bile salts for tour 
days and w^as then subjected to a cholecystostomy At operation an 
inflammatory mass was found about the low^er portion of the gallbladder 
and overlying the common duct The value for plasma prothrombin, 
which was 25 per cent of normal on admission, rose promptly to normal 
after vitamin K and bile salts w^ere administered, but after the eighth 



Chart 4 — Data m the case of a woman aged 50 The diagnosis was 
the common duct Autopsy revealed thrombosis of the hepatic artery an ° 
portal vein An infarct of the liver was present There were numerous pete 

day it suddenly fell to 25 per cent again, and it remained at about thr 
level despite repeated transfusions and continued tntamin K therapy^ 
The patient subsequently died, and at postmortem examination t 
boses of the hepatic artery and portal vein w ith massive necrosis ot 1 1^ 
liver were obsen^ed Microscopic examination of the thrombi m 
that the} had been deposited at about die time that the fall m the 
of plasma prothrombin occurred The massive hepatic necrosis 
followed produced an effect comparable to that seen tollowing P^ 
hepatectoni} m animals 
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A similar but less acute effect is seen m chart 5, which depicts the 
course of the plasma prothrombin level in a patient with severe cirrhosis 
of the liver In his case the concentration of prothrombin was 70 per cent 
of normal before treatment with 2~methyl-l, 4-naphthoquinone was 
begun, but even when more than adequate doses were administered the 
prothrombin concentration continued to fall until it reached 48 per cent 
of normal At operation the liver was found to be markedly cirrhotic 
and considerably reduced in size 

These 2 cases are chosen from a number illustrating the influence 
of damage to the liver on the level of the plasma prothrombin and the 
response to vitamin K, and the group as a whole suggests the significance 



Chart 5 — Data in the case of a man aged 61 The diagnosis was cirrhosis 
01 the liver Exploratory laparotomy was performed The hipuric acid test 
revealed a value of 2 98 Gm, The galactose tolerance test showed 7 3 Gitl excreted 
The bromsulfalein test showed a faint trace present after thirty minutes 

of these factors as an indication of hepatic function, at least so far as 
Its prothrombin-forming activity is concerned Determination of the 
extent to which this interpretation can be earned clinically aw^aits further 
studies, but work now'' in progress in this clinic lends support to this 
idea 

SUM MARY 

The history of the establishment of a prothrombin deficiency as the 
eause of the hemorrhagic tendencN associated with jaundice and of 
the. Mgnificanee of Mtaniin K in the production of this component of the 
cloning mechanism is brief!} traced 
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Clinical experience with crude extracts of substances containing the 
vitamin and later with the highly potent compound 2-methyl-l, 4-naph- 
thoquinone is reported 

Clinical cases are presented confirming various findings concerning 
the metabolism of vitamin K and prothrombin in animals, as reported 
m tbe preceding paper Tbe important role of the liver is stressed, and 
evidence is presented indicating that damage to this organ may depress 
the level of plasma prothrombin and seriously interfere with the response 
to vitamin K therapy 



INFLUENCE OF FUSION OF THE SPINE ON 
THE GROWTH OF THE VERTEBRAE 


S L HAAS, MD 

SAN FRA^CISCO 

The frequency of the operation for fusion of the spine has increased 
markedly in recent years, since its utilization for the treatment of 
scoliosis As most fusion operations are performed on children during 
their active growing peiiod, the question arises as to its influence on 
the growth in length of the vertebral column If the fused spinous 
process should act as a brake on expansion of the corresponding bodies, 
the restriction of growth would be of considerable significance, particu- 
larly when one third or more of the processes are fused at one time 

In order to appreciate this investigation better it may be well to 
have some definite conception as to the mechanism of normal growth 
of the bodies of the vertebrae It has been shown in dogs in some 
pre\nous experiments that growth in length of the bodies takes place 
at the epiphysial cartilaginous plates in a manner similar to that of the 
long bones ^ It has also been shoun that it is possible to stop growth 
of the vertebral body b} destroying the epiphysial plates or to produce 
deformity by injuring a part of the plate “ If fusion of the spinous 
processes is performed at the time of injury to the epiphysial cartilag- 
inous plates, deformity may be prevented ^ With normal growth of 
the body, corresponding changes must take place m the spinous processes 
and in the lammas By fusion of the spinous processes, these changes 
are prevented, and it is of considerable interest to know whether any 
secondary disturbances of growth occur in the bodies or m the inter- 
vertebral disks 

It is believed that growth of the vertebrae in man takes place 
similarly to that m the dog, in spite of the claims of Schmorl and his 
follow^ers to the contrary^ The reason for this discrepancy of opinion 
may be the fact that m man the growth of the spine is distributed over 
fifteen to twenty 3 ears The growl’d! in man of each \ertebra over this 
long period is \Qry small, and therefore there is little demand for a highl}^ 

rroin the Surgical Laborator\ the Stanford School of Medicine 

1 Haas, S L Growth m Length ot the Vertebrae, Arch Surg 38 245 
(Teb) 1939 

2 IJaai) S L r\periniental Production of Scohobib J Rone iV Joint Surg 
21 963 (Oct) 1939 

3 Hans, S L. The Pre\ention of Deformit\ of the Spine l)\ Wrtebral 
TuMon J Rone & loint Surg 22 Iv (Ian) 1940 
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differentiated epiphysial cartilamnous nJate i 

m the vertebral bodies of man are ratlier of cartilage 

but they aie adequate for mimnc f ^iregular and are narrow, 

for the^dog theTenod 
a demand for rapid growth ^so that there ^ 

specialized epiphysial cartilage plate " "^ore highly 

longer and more re^^ular aonmJl’h ^ columns of cartilage are 

bones, ,n wh.ch /ro^tl rap,d 

grow”h“f fcsn.le of fu=.o„ of the vertebrae on 

dogs m which the ' ° experiments were performed on growing 

AlSe meTh^d WiJe"^ T ^ibbs or thf 

indicate whether anv placed in the operative area to 

animal In another ^ during the growth of the 

the spinous nrocp<; ^P^^™ents, in addition to the fusion of 

an abZinfl ln I ^"Po^ed through 

epiphyses of th/^'^T n"' ^^""l^ers were placed in the bodies and 

epiphyses of the vertebrae for comparative studies of growth 

for record showm^^th ^ experiments roentgenograms were taken 
RoentZirnr ^ 1 "P^^ fhe markers 

to Sfw the °f fhe experimental penod 

marker" were^ The distances between the 

tion to deter ^^d Compared with those at the time of opera- 

markers dun^^^th^ ^ amount of growth that took place between the 
made betw observation Comparative studies ivere 

The stndT T.f - the vertebral bodies 

sDine Showed the changes m shape of the 

dates tVi ^ specimens were studied for changes in the epiphysial 
plates the epiphyses, the bodies and the intervertebral disks 

Alhee fi experiments (1) five Hibbs fusions, (2) twelve 

markers ’ k J three combination Hibbs fusions with placing of 

fusions ^ ° vertebrae, and (4) two combination Albee 

with placing of markers in the bodies of the vertebrae 

hibbs type of spinal fusion 

were fnsLrk^^ ^ operations m this senes, m which the spinous processes 
were fused by various modifications of the Hibbs operation 

^ ^3^, 4 months, duration of experiment, twenty days 

was made over eder anesthesia and under sterile conditions an incision 

and the musrlec ^ spinous processes The spinous processes were exposed, 

three vertebrae Tk^^ stripped off subperiosteally from the spinous processes of 
arucular facets u ere" nordTsL^yed interlocked with each other The 

the short considerable osseous proliferation, considering 

the f used , rirrr'k “^here was a fair amount of fixation m 

tne fused area The bodies bulged slightlj anteriorb 
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Growth — The duration of the experiment was too short to show any dis- 
turbance in growth 

ExpjE3iiMENT 2 — Dog 4, age, 3 vionths, duration of experiment, thirty-four 
days 

Operation — On March 19, 1935, with the dog under ether anesthesia, an masion 
was made over the lumbar spinous processes The muscles were deflected to 
either side subpenosteally The articular facets were not destroyed The spinous 
processes were interlocked with each other, and bone was raised from the laminas 
and brought into contact with the laminas from above and below Two wire markers 
were placed m the spinous processes The wound was closed in layers 

Gross Observations — There was a little fixation of the spine There was some 
proliferation of bone between the spinous processes The articular facets showed 
no changes, as they were not destroyed There were no changes in the bodies, 
and the epiphysial cartilaginous plates appeared normal 

Growth — ^There was a slight amount of rigidity m the operative area of the 
spine There was a slight increase in distance between the markers Very httle 
change was seen in the intervertebral disk or the epiphysial cartilaginous plates 

Experiment 3 — Dog 5, age, 3 months, duration of experiment, two hundred 
and five days 

Operation — On March 19, 1935, incision was made over the lower part of 
the thoraac and the lumbar region of the spine The spinous processes from the 
twelfth thoracic to the fourth lumbar were exposed The muscles were stripped 
from either side The articular facets were exposed but not destroyed Sections 
of bone were raised from the laminas and placed over the facets The spinous 
processes from the twelfth thoracic to the fourth lumbar were made to interlock 
with each other Wire markers were attached to the spinous processes, after 
which the wound was closed in layers 

Gross Observations — There was firm fixation in the operative area of the 
spine The spinous processes were connected with new bone The articular facets 
were covered with osseous tissue The articular cartilages of the facets persisted 
but were thin When the bodies of the vertebrae were cut through, the epiphysial 
cartilaginous plates were observed to be narrow, and some appeared almost com- 
pletely closed There was an anterior bulging of the bodies 

Growth — The markers in the operative area of the spine had separated almost 
as much as the body had grown (fig 1) This can be explained by the fact that 
until fusion is firm and soft callus yields, and there is a pulling apart or stretching 
of osteoid tissue in the operative area When ossification is complete, there is no 
further yielding of the tissue and separation of the markers There was some 
compression of the intervertebral disk, which takes place when the fused verte- 
brae tend to prevent expansion of the bodies m the operative area (fig 2) 

Emeriment 4 — Dog 6 age 41/2 months, duration of experiment one hundred 
and sixty days 

Operation — On Jul> 9, 1935 an incision was made over the lower part of the 
thoracic and the lumbar region The spinous processes were exposed and the 
muscles deflected to either side subpcriostealI> Five articular facets were dcstro>cd 
on the right side and the spinous processes were made to interlock with each 
other Wire markers were placed in the \ertebrac at cither end of tlie operative 
'irea The wound was closed in lavers and a plaster was applied 




Fig 1 (experiment 3, dog 5, Hibbs type of fusion, age, 3 months, duration 
of experiment, t\\ o hundred and five da\ s , anteroposterior ^ lew s) Roentgeno 
grams, (A) at the time of operation and (B) at the end ot the exponmenta 
period, for companson, showing that separation of markers is almost ^ 

bod> growth Separation continues until fusion is firm enough to resist o } 
growth The intervertebral disks are narrowed only slightly 



Fig 2 (dog 5, age, 3 months, duration ot experiment, two hundre an 
da\ 5 ) — Lateral Mew, showing a little narrowing ot the intervertebra 
a lutk tcndenc} to anterior bowing It is onh alter iu»ion i5> finu tu 
inhibiting lorct. again:,! growth maniie^ts it:>elt 
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Gross Obscnutions — There was very firm fusion in the operative region of the 
spine The articular facets that had been destroyed were firmly fused Those that 
had not been destroyed showed very thin articular cartilages The epiph>sial plates 
could be made out but m some places appeared ossified 

Groivth — The markers in the spinous processes had separated about the same 
amount as the bodies had increased in length There was no tendency to lordosis 
or scoliosis of the spine The disks were compressed about half their normal 
width The epiphjsial cartilaginous plates showed some evidence of ossification 

Experiment 5 — Dog 7, ugCt 5 mouths^ duration of experiment, iiuDity-six 
days 

Operation — On July 16, 1935, an incision was made over the lower part of 
the thoracic and the lumbar region of the spine Five spinous processes were 
exposed, and the muscles were deflected to either side Three of the articular 
facets were destroyed, and bone was thrown down from the laminas on the 
remainder The spinous processes were made to interlock with each other, after 
which the wound was closed in layers 

Gross Observations — There was beginning fusion of the spinous processes and 
lammas in the operative region, with definite fixation of the spine The articular 
facets which had been destroyed showed early signs of fusion The epiphysial 
cartilaginous plates appeared normal There was a little tendency to anterior 
bulging of the bodies 

Groiuth — At the end of twenty-six days no significant changes were made out 
CONCLUSION ON HIBBS TYPE OF FUSION 

After the Hibbs type of spinal fusion it was found that the markerb 
placed m the spinous processes operated on had separated m some 
experiments almost as much as the body had grown This separation 
was due to the fact that as the bodies of the vertebrae grow m length 
the soft callus m the spinous processes operated on yields to the grow- 
ing forces As soon as the callus becomes firm there is no more separa- 
tion of the markers There is some narrowing of the intervertebral 
disk and of the epiphysis, particularly at the posterior parts, but it is 
not marked unless there is an experimental period of considerable length 
This narrowing of the disk and epiphyses is due to compression, which 
results when the fused spinous processes prevent the normal longitudinal 
expansion of the growing bodies of the vertebrae 

ALBEE T\ PE OP SPIN VL FUSION 

In this group there w^ere 12 experiments, m which the spine was 
fused b} the ^Mbee method or by some modification of it 

Exierimext 6 — Dog 1 ogc 6 months, duration of cxptnnunf thrct hundred 
and fift\ days 

OpLraiion — On Oct 20 1936 an incision was made from tlic first to the fourth 
lumbar spinous process The muscles were deflected subperiostcalU from the 
^pmous processes A bone graft was remo\cd from the tibia and placed in the split 
^pmous processes of the lumbar \ertebrae Wire markers were placed in the spinous 
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beginning ossification The disks were thinner posteriorly than anteriorly, and 
there was bowing forward of the bodies of the vertebrae 

Growth — The markers, which were attached to the graft, were prevented from 
separating There was a considerable increase in size of the bodies of the vertebrae 
The disks were moderately compressed The epiphysial cartilaginous plates showed 
signs of ossification about the periphery The last lumbar vertebra showed a 
wedge-shaped disk, most likely caused by extreme pressure posteriorly 

Experiment 16 — Dog 11, aged, 4 months, duration of experiment, two days 
(dog died) 

Operation — On June 23, 1937, an incision was made over the lumbar spinous 
processes Four of the processes were exposed and the muscles stripped oil 
subpenosteally from both sides A bone graft was removed from the femur and 
placed alongside the denuded processes The articular facets were destroyed 
The wound was sutured in the usual manner, and a plaster cast was apphed 

Gross Observations — The grafts were found in place, and the blood clots were 
beginmng to organize 

Growth — There were no changes at this early period 

Experiment 17 — Dog 12, age, 4 months, duration of erpenment, one hundred 
and eleven days 

Operation — On June 23, 1937, an incision was made over the lumbar spinous 
processes Dissection was earned down the processes, and the muscles were 
stripped subpenosteally from either side A bone graft removed from the femur 
was anchored to the lower spinous process with a wire A wire marker was 
placed on the upper spinous processes but not fastened to the graft The articular 
facets were curetted on one side 

Gross Observations — The bone graft was well united to the spinous processes, 
producing firm fusion The destroyed articular facets on one side showed fusion 
The epiphysial cartilaginous plates could be made out but were a little thinner 
than normal in the fused area, and some showed beginning ossification The 
epiphyses were wedge shaped, being broader antenorly The intervertebral disks 
were not changed, but there was definite anterior bowing of the bodies 

Growth — The markers had separated, but much less than the body had grown 
There was a definite anterior bulging of the bodies of the vertebrae The spinal 
canal was widened The disks were compressed and at the posterior end were 
narrower, and m some places there was almost bony fusion The epiphysial carti- 
laginous plates showed evidence of ossification posteriorly, and the epiphyses 
were narrower posteriorly 


CONCLUSION ON ALBEE TYPE OF FUSION 

There is more rapid fusion with the Albee type of operation m which 
a bone graft is inserted into the spinous process than m the Hibbs type 
of operation Consequently, there is less separation of the markers m 
the spinous process than is observed with the Hibbs type There is 
also a greater disproportion between separation of the markers an 
bod> growth ^^lth the Albee than with the Hibbs type There are 
more marked changes m the intervertebral disk and m the epip 



Fig 3 (experiment 14, dog 9, age, 4j/2 months, duration one hundred and 
twenty-six days, A.lbee type of fusion) — Anteroposterior roentgenograms showing 
much greater growth of the body than separation of the markers Fusion took, 
place more quickly than with the Hibbs tjpe of operation, so that the markers m 
the spinous processes did not separate so much as the body of the vertebrae 
increased in size A.fter fusion the resistance to expansion causes compression 
of the inter\ertcbral disk and anterior bowing of the bodies 


Fig 4 (experiment 14 dog 9 age 4^ months dura ion of experiment, one 
hundred and t\\cnl>-six da\s) — The lateral \iew shows the anterior bulging of 
the bodies with a tcndenc> to lordosis Tlu fused spinous processes offer resist- 
ance to expansion longitudinalK and the bod\ growtii protrudes toward tlic place 
of least resistance which is antenorlj in the direction of the abdominal ca\it> 
Note the compression of the disk which is greater posteriorK In the anteroposterior 
'lew the narrowing appears to occupj the entire disk while in fact, as is shown 
in the lateral \iew, it is wide anteriorK and narrow^ postcriorI> 
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beginning ossification The disks were thinner posteriorly than anteriorly, and 
there was bowing forward of the bodies of the vertebrae 

Growth — The markers, which were attached to the graft, were prevented from 
separating There was a considerable increase in size of the bodies of the vertebrae 
The disks were moderately compressed The epiphysial cartilaginous plates showed 
signs of ossification about the periphery The last lumbar vertebra showed a 
wedge-shaped disk, most likely caused by extreme pressure posteriorly 

Experiment 16 — Dog 11, aged, 4 months, duration of experiment, two days 
(dog died) 

Operation — On June 23, 1937, an incision was made over the lumbar spinous 
processes Four of the processes were exposed and the muscles stripped off 
subpenosteally from both sides A bone graft was removed from the femur and 
placed alongside the denuded processes The articular facets were destroyed 
The wound was sutured in the usual manner, and a plaster cast was apphed 

Gross Observations — The grafts were found in place, and the blood clots were 
beginning to organize 

Growth — There were no changes at this early period 

Experiment 17 — Dog 12, age, 4 months, duration of erpenment, one hundred 
and eleven days 

Operation — On June 23, 1937, an incision was made over the lumbar spinous 
processes Dissection was earned down the processes, and the muscles were 
stripped subpenosteally from either side A bone graft removed from the femur 
was anchored to the lower spinous process with a wire A wire marker was 
placed on the upper spinous processes but not fastened to the graft The articular 
facets were curetted on one side 

Gross Observations — The bone graft was well united to the spinous processes, 
producing firm fusion The destroyed articular facets on one side showed fusion 
The epiphysial cartilaginous plates could be made out but were a little thinner 
than normal in the fused area, and some showed beginning ossification The 
epiphyses were wedge shaped, being broader antenorly The intervertebral disks 
were not changed, but there was definite anterior bowing of the bodies 

Growth — The markers had separated, but much less than the body had grown 
There was a definite anterior bulging of the bodies of the vertebrae The spinal 
canal was widened The disks were compressed and at the posterior end were 
narrower, and m some places there was almost bony fusion The epiphysial carti- 
laginous plates showed evidence of ossification posteriorly, and the epiphyses 
were narrower posteriorly 

CONCLUSION ON ALBEE TYPE OF FUSION 

There is more rapid fusion with the Albee type of operation m which 
a bone graft is inserted into the spinous process than m the Hibbs type 
of operation Consequently, there is less separation of the markers m 
the spinous process than is observed with the Hibbs type There is 
also a greater disproportion between separation of the markers an 
bod> growth ^^lth the Albee than with the Hibbs type 
more marked changes m the intervertebral disk and m the epip 
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and epiphysial plates, because with earlier firm fusion of the spine there 
are greater hindrance of expansion of the bodies by growth and more 
compressive force The bodies, being hindered from longitudinal expan- 
sion, tend to project anteriorly toward the place of least resistance, 
normally away from the fixed part of the spine 

COMBINATION HIBBS FUSION AND PLACING OF MARKERS 
IN BODIES OF VERTEBRAE 

In this senes there were 3 experiments m which the Hibbs type of 
spinal fusion was performed at one operation and, after an interval to 
allow healing of the wound, a second operation was performed, m which 
the bodies of the vertebrae were exposed through an abdominal incision 



Fig 5 (experiment 18, dog 7, age, 3^ months, Hibbs fusion with markers 
m the bodies of the vertebrae, duration of experiment, one hundred and fifty-one 
days) — The lateral views show the markers in the spinous processes and m the 
bodies The markers in the area of fusion have separated almost as much as the 
body has grown Notice how the markers in the bodies have separated according 
to the presence of one or more intervening epiphysial cartilage plates between them. 
There is very little narrowing of the intervertebral disk and very little tendency 
to antenor bowing of the bodies The roentgenogram at the top was taken before 
operation , that at the bottom, after operation 


Markers were placed in the bodies to ser\e as a means of determining 
changes in growth to compare with markers in the spinous processes 
operated on 

Experiment 18 — Dog 7 age months , duration of txpenvunt, one 

'iimir.d and fifty -one days 

Operation first Part — On March 3 1936 an incision was made o\cr the 
spinous processes of the lower lumbar vertebrae The processes were exposed 
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and the muscles deflected to either side subpenosteally The articular tacets of 
three of the vertebrae were destro^ed Sections of bone were thrown over the 
facets from the laminas The spinous processes were not interlocked j^Iarkers 
were placed at either end of the operative area and on the spinous processes abo\e 
and below those operated on The wound was closed in layers, and plaster was 
applied 

OpC) aiiOHj Second Part — On March 25, through a midabdominal incision, the 
intestines were exposed and walled off until the posterior abdominal wall was 
exposed The abdominal aorta and vena cava were exposed and gently retracted 
to one side Care was taken not to injure the ureter The periosteum was incised, 
and the desired portion of the bodies of the vertebrae was exposed A wire 
marker was placed in the body of three vertebrae and in the middle one An 
additional m^irker was placed in the epiphysis The gauze packs were removed, 
and the abdominal incision was closed m layers 

Gioss Obsei'vations — There was fairl}^ firm fusion but not complete bony 
union of the spinous processes There was beginning ossification ot some of the 
facets There w^as no gross narrownng of the bodies The epiphysial cartilaginous 
plates were present and w^ere a little thin but the^ differed little from those 
opposite the nonfused area The epiphysis did not show any change The disks 
were a little narrow^er than normal posteriorly The bodies show^ed antenor 
bowing 

Grozvfh — There had been a greater grow^th of tlie bod} than separation of 
the markers m the spinous processes There was not much compression of the 
disks There was little lordosis The markers in the bodies showed separation, 
the amount depending on the number of intervening epiph}sial plates (fig 5) 
As far as could be determined, there was just as much grow^th of tlie bodies m 
the fused areas as outside 

Experiment 19 — Dog 10, age, SYz months, duration of cvperimcnt, eighty-four 
days 

Operation, First Pait — On March 10, 1938, an incision w^as made in the mid- 
abdominal line, the peritoneum was incised wuth exposure of the intestines, which 
w^ere walled off wnth gauze With careful avoidance of the large vesseE and 
ureters, the bodies of the lumbar vertebrae were exposed After an incision had 
been made through the periosteum, it was stripped off to either side, the epiph}5ial 
plate being exposed The epiphysial cartilaginous plate of the middle \ertebrae 
was injured, and markers were placed in the epiphysis In the lower ^erteb^a a 
hole was bored iii the body and a marker placed m the hole In the upper 
\ertebrae a marker was placed in the bod} and in the epiphysis 

Operation, Second Pait — On March 25 an incision was made o\er some ot 
the spinous processes, which w^ere exposed The muscles were deflected to either 
side subperiosteal!}, after wdnch the articular facets were destro}ed, bone w3i>^ 
thrown up from the lammas and the spinous processes were made to inter oc 
The wound was then closed in la}ers 

Gross Obstnaiions — There was firm fusion ot the spinous processes, and the 
articular facets appeared fused The epiph}Sial cartilaginous platei> were norma 
in structure The inter\ertebral disks were thinner postenorK and broader on t 
anterior surface There was no definite bulging of the bodies antenorl} 

Groieth — Bod\ growth was greater than separation of the markers except 
where the bod> had been injured or the epiph}sial plate destro\ed All the 
\ertebral disks were narrower, and there was a tendenev for born bridging acros 
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one disk There was not much tendency to kyphosis, in spite of the fact that 
there was extensive destruction of the epiphysial plate and bod\ 

Experiment 20 — Dog 11, age, months, duration of evpenment, three 
hundred and fifty-one days 

Operation, First Part — On March 14, 1938, through a mid-abdominal inasion, 
the viscera were exposed and ^\ ailed off Care was taken not to injure the large 
vessels, and tlie bodies of the vertebrae were exposed The periosteum was then 
mased and stripped off over a small area so that the epiphysial cartilaginous 
plates could be identified Markers were placed m the bodies of three vertebrae 
In the two lower vertebrae sections of bone were turned up from the bodies and 
brought into contact with one another over the intervertebral disk The packing 
was removed and the abdominal wall closed in layers 

Operation, Second Part — On March 25 an incision was made over four spinous 
processes, after which the muscles were stnpped off subperiosteally from either 
side The articular facets were destroyed and the spinous processes made to 
interlock with each other The w^ound was closed in layers 



Fig 6 (experiment 20, dog 11, age, 3^ months, Hibbs fusion in conjunction 
With bridging between the bodies of the vertebrae , duration of experiment, three 
hundred and fifty-one days) — Notice that besides the Hibbs fusion of the spinous 
process there is a bony bridge between the bodies of tw^o vertebrae This acts as 
an accessory supporting measure to prevent deformit> besides decreasing longitu- 
dinal expansion of the bodies of the \ertebrae 

Gross Observations — There was fairly firm fusion of the spine but not complete 
osseous bndgmg beUveen the spinous processes The articular facets were irregular 
in form, with some proliferation about them but no osseous fusion Some of the 
<iiskb appeared narrower postenorh The epiphjsial cartilaginous plates were 
Ossified There was no antenor bulging of the bodies 

Grotith — There was an anterior boin bridging between the bodies where the 
sections of bone had been tlirown across the disk (fig 6) This caused a con- 
siderable hindrance of growth The bodies outside this area had increased 
iiorinalK and to a greater extent than had separation of the markers in the iiised 
^rei There was no anterior bulging in the fused area as it was pre\eined b> 
file anterior bridge ot bone between the bodies of the \ertebrac The cpiplo^ial 
<^rtilaginous plates in the opiratue as well as in the nonoperatne area were 
<Ji»sificd 
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CONCLUSION ON COMBINATION HIBBS FUSION AND PLAaNG 
OF MARKERS IN THE BODIES OF THE VERTEBRAE 

The combination operations gave a clearer idea of the relative 
amount of growth of the bodies and separation of the markers m the 
spinous processes operated on The findings were practically the same 
as with the simple Hibbs fusion, m that separation of the markers m 
the fused spinous processes proceeded with growth of the bodies until 
union was firm, after which growth was almost entirely confined to the 
bodies There was only a moderate amount of compression of the 
disk and bodies posteriorly 

COMBINATION OF ALBEE FUSION OF SPINE AND 
PLACING OF MARKERS IN BODIES 

There were 2 operations in which the Albee type of fusion was per- 
formed and at a later date markers were placed m the bodies of the 
vertebrae through an abdominal approach 

Experiment 21 — Dog S, age, 3% months, duration of experiment, one hundred 
days 

Operation, First Part — On March 3, 1938, the spinous processes of three lumbar 
vertebrae were exposed through an incision in the lumbar region The muscles 
were deflected to either side, and the spmous processes were split in half A 
bone graft removed from the femur was placed between the split processes One 
pair of articular facets were destroyed below this area Markers were placed at 
either end and on one of the spinous processes below the last vertebrae operated- 
on The wound was closed in layers, and plaster was applied 

Operation, Second Part — On March 21, through an abdominal incision, after 
retraction of the viscera the bodies of the lumbar vertebrae were exposed Markers 
were placed in the bodies of three vertebrae and an additional marker m the 
epiphysis of the lower vertebrae The wound was closed in layers 

Gross Observations — There was firm fusion of the spinous processes The 
articular facets were fused on one side. The epiphysial cartilaginous plates showed 
no gross changes The epiphyses were wedge shaped, being broader anteriorly 
The intervertebral disks were thin posteriorly and broad anteriorly The bodies 
of the \ertebrae bowed anteriorly 

Grozvth — The markers m the spinous processes, not being attached to the 
graft, separated imtil fusion was firm The markers m the bodies had separated, 
except those that had no interv’^ening epiphysial plate There was bulging forward 
of the bodies, with greater growth anteriorly (fig 7) The disks were narrowed 
posterior^ The epiph>sial plates were not so prominent m the fused area as 
outside it 

Experiment 22 — Dog 9, age, SYz months , duration of erpcrinicnt, tzeo hun 
drcd and sivt\-onc days 

Optraiion, First Part — On March 7, 1938, through a midline abdominal inci^ion^ 
the intestines were exposed and walled off The bodies of the \ertebrae were then 
exposed and the periosteum incited Markers were placed in the bodies oi three 
'vertebrae and in two epiph>ses ot adjoining \ertebrae 
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Operation, Second Part — On March 25 an masion was made over the lumbar 
spinous processes The spinous processes were exposed and the muscles deflected 
subpenosteally to either side. Several bone grafts were removed from the upper 
end of the femur and wedged into the spinous processes Markers were placed 
in the base of the spinous processes at either end and looped over the middle of 
the graft A plaster spica was applied 

Gross Observations — There was osseous fusion of the spinous processes The 
articular facets showed no gross changes The epiphysial cartilaginous plates 
had fused There were no gross changes in the disk and bodies, and the bodies 
did not project forward 



Fig 7 (experiment 21 , dog 8 , age, 3j/3 months , Albee fusion with markers 
in the bodies of the vertebrae, duration of experiment, eighty-four days) — Lateral 
views The markers in the fusion area have separated much less than the body 
has grown Body growth is being interfered with, as is shown b> the narrowing 
of the intervertebral disk posteriorly and the lordosis of the bodies as they bulge 
antcnorly toward the place of least resistance The growth between the markers 
in the bodies vanes with the presence of intact epiphysial cartilage plates between 
them. Notice the wide anterior part of the intervertebral disk and the narrow 
posterior portion The roentgenogram at the top was taken before operation, that 
the bottom, after operation 


Gro^ith — The markers in the spines had separated \er> little There was 
much greater growth of the bodies The epiphysial plates were fully ossified The 
intervertebral disks liad been compressed postenorh, but the bulging antenorlv 
was not \er> marked 
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CONCLUSION ON COMBINATION ALBEE FUSION AND PLACING 
OF MARKERS IN BODIES OF VERTEBRAE 

This senes of combmatioii Albee experiments substantiate the find- 
ings with the simple Albee fusion operations They give a clearer 
conception ot the changes in growth in the bodies of the vertebrae It 
is seen that whenever there is an epiphysial cartilaginous plate between 
two markers there is a separation ot the markers, due to the fact that 
longitudinal growth takes place at the epiphysial cartilaginous plate 
The inhibiting forces of fusion of the spine cause narrowing ot the 
epiphysis posteriorly and compression of the posterior part of the inter- 
^ertebral disk and bowing of the bodies anteriorly 


COMMENT 


It IS important to keep m mind that in the dog the period of growth 
IS limited to between eight and nine months, so that in the animal 
operated on at 2 months of age there are approximately about two 
hundred and ten days more of grow th 

With the Hibbs type of operation the markers in the fused spinous 
processes separated almost as much as the bodies increased in size or 
the markeis in the bodies separated The markeis in the fused spine 
separated because it took a consideiable period tor the spinous processes 
to become firmly fused and not be subjected to the traction force of 
the groAving lertebral bodies In other words, the grownng vertebral 
bodies served as a lengthening apparatus during the period in which 
the callus was soft Just as soon as fusion was firm in the spinous 
processes, there was no yielding in the fused spine to the growing forces 
of the bodies, and no further separation of the markers took place 
When fusion was firm in the spinous processes, the reverse took place, 
and the fused spine exerted a hindering force on body growth This 
is evidenced by the compression of the disk, the bulging anteriorly of the 
bodies, the tendency to wedging of the epiphy'^sis and the premature 


ossification of the epiphysial plates 

With the Albee tjpe of fusion there w'as much less separation ot 
the markers in the spinous process This wms due to an earlier firm 
fusion of the spines, and on that account there w'as less chance or 
growth ot the body to expand the tiised area Just how’ much dibtur 
bailee in body growth takes place is difficult to evaluate There is con 
siderable eMdence that the inhibitory’ torces are strong, as eiideiictc^ 
b\ a tendency tor the bodies to bend anteriorly There are also tlnnnn^ 
of the disk and ossification, especially at the posterior part ot 
The epiph\sis is wedge shaped with the apex posterior The 
plates are prematurely ossified It is this wedging of the bodies 
narrowing and ossification ot the disk at the posterior end that giu- 
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characteristic picture of narrowing of the intervertebral disk, which 
may be seen in the anteroposterior roentgenogram of any fused spine 
On gross examination, definite widening and bulging of the disk 
antenorly are seen m these same specimens, which in the roentgen- 
ogram appear narrow because of compression of the posterior portion 

With the Albee type of operation, if the markers are attached to 
the graft there is no separation of the markers, because there is no 
interstitial growth in a graft The grafted region may be increased 
to some extent if bone is added to either end by a proliferation of osseous 
tissue adjoining the grafted area 

In the series of experiments in which markers were attached to the 
spinous process and at a second operation on the same animal the 
markers were placed in the bodies through an abdominal incision, a 
somewhat clearer idea was obtained of the body growth and a better 
opportunity was provided for comparative study of changes m the bodies 
and in the fused spinous processes It was seen that the markers m 
the spinous processes separated up to the time of firm fusion of the 
spinous processes The body markers separated as long as body growth 
took place It is difficult to determine the exact amount of inhibition 
m body growth after firm fusion of the spinous processes, but there 
must have been a considerable hindering force at work after this firm 
fusion occurred, because the bodies tended to bulge anteriorly, and 
lordosis took place There were also compression of the intervertebral 
disk, wedging of the epiphysis and changes in the epiphysial cartilage 
plates indicative of restriction to longitudinal expansion 

Unfortunately, it is impossible to correlate the findings m animals 
with what takes place in human beings, because of the long period (up to 
eighteen years) of growth in man as compared with the short growth 

period (about nine months) for animals One would expect more 

inhibition of growth and more changes in the disk and bodies, because 
there is a much longer period for these forces to work, and the amount 
of normal growth is greater in man 

Many interesting questions arise from the clinical as well as from 
the experimental side Although it is not within the scope of this paper 
to take up these problems, there is sufficient clinical evidence to show 
a corrective or preventive property after fusion Secondary compen- 
satory increase in growth outside the fused area is one of the other 

problems that needs investigation The effect of fusion of the spine 

on a ver}^ young growing person needs careful study It is possible 
that in some cases it may aggravate rather than decrease the deformity 
Tlicrefore, it is important to select the proper region of the spine, the 
correct age for fusion and the proper number of vertebrae to fuse It 
Js possible that if more attention is paid to these details better results 
ma) be obtained in the future treatment of scoliosis 
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CONCLUSIONS 

Fusion of the spinous processes in animals causes definite changes 
in the growing vertebral bodies Although body growth goes on, there 
are inhibitory forces at work, as is evidenced by the tendency of the 
bodies to bulge anteriorly, the tendency to lordosis, the tendency to 
compression of the intervertebral disk, especially posteriorly, and the 
tendency to premature ossification in the epiphysial cartilaginous plates 
Advantage may be taken of distortion and inhibitions of growth caused 
by fusion of the spinous processes for the correction of existing deform- 
ities of the growing spine — in cases of tuberculosis, to correct the 
kyphosis by the production of lordosis In cases of scoliosis, aside from 
the usual fixation after correction, it is possible that fusion can be pro- 
duced outside the curve or in certain parts of an existing curve to exert a 
corrective influence or to prevent increase of early scoliosis more 
satisfactorily than is possible at present The intra-abdommal approach, 
with fusion between the bodies or destruction of the epiphysial cartilag- 
inous plate, if found practical, may help sol\e some of the problems 
of scohosis, hemivertebrae and fracture and disease of the vertebral 
bodies 



EXTENSIVE PLEXIFORM NEUROFIBROMATOSIS 
OF THE SCALP AND PINNA 


RUSSELL MEYERS, MD 

BROOKLYN 

The purpose of this paper is to describe a recent experience with 
a rare type of benign tumor of the scalp, to narrate its life history with 
particular reference to alterations in its histologic characteristics and to 
describe the operative procedure employed in an attempt to improve the 
disfigurement resulting from the tumor 

REPORT OF A CASE 

A 21 year old clerk was admitted to the neurosurgical service o£ the Kings 
•County Hospital on Nov 16, 1938 His chief complaints referred to a marked 
redundancy of the scalp overlying the left side of the head and to a downward 
sagging of the left ear Except that the patient's mother had had a convulsive 
disorder during childhood, the family history was noncontnbutory The past 
personal history indicated that measles had been the only childhood exanthematous 
disease contracted by the patient His health otherwise had been excellent until 
the onset of the present illness, during his ninth year At this time the first 
evidences of a curvature of the upper part of the thoracic portion of the spine 
were noted During the ensuing year this condition advanced insidiously Examina- 
tion at one of the local hospital dispensaries revealed in addition to kyphoscoliosis 
of the thoracic portion of the spine a tumor of the scalp, just above the left ear 
This was described as equal in area to a 25 cent piece and feeling like a mass of 
small glands " The patient was referred into the hospital for further study on 
Sept 13, 1928, and there climcal, laboratory and roentgen examinations failed to 
demonstrate the existence of glandular, enteric, osseous or pulmonary tuberculosis 
Osteomyelitis of the spine similarly appeared capable of being ruled out The 
films of the skull revealed a zone of rarefaction approximately ^ inch (19 cm ) in 
diameter and corresponding in position to the mass on the scalp Late in September, 
an operation was earned out, with excision of the tumor of the scalp and roiigeur- 
ing away of the immediately subjacent portion of the left \ault A microscopic 
specimen of the scalp tissue removed at this time (fig 1 ) was made available 
through the courtesy of Dr Leo Davidoff A histologic diagnosis of fibroma of 
the scalp was made The record bore no information with reference to the pieces 
of bone removed 

During the next tliree years, efforts to impro\e the k>phoijColiosis 63 use of 
plaster of pans body casts and spinal braces were earned out but were apparently 
incfftctuc Therefore, spinal fusion was performed in June 1931 the spine being 
fixed from the sixth thoracic to the second lumbar \ertebra iiicIumvc After 

From the Neurosurgical Ser\iCL of the Kings Count> Hospital Dr E 
Jefferson Browder, Director 
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the operation the patient's general health remained satisfactory except that h.s 
noted ‘from 'this'time of kyphoscoliosis was 

In July 1933, however, a lumpy mass appeared on the left side of the srain 
m he „e.ghborhood of the scar of the prevoos opera., op The cL^cJ ^ 
of this mass were closely similar to those of the tumor extirpated in 1928 A 
steady ex.ens.o„ of the growth was noted, so that by ear.; ,7th“ ear S' S 
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slackened Tenderness, pam and a tendency to ulceration were conspicuously 
absent throughout the history From 1933 to 1935 the patient was treated for 
a discharge from the left ear The records do not indicate whether it was 
clearly established that this discharge resulted from chronic otitis media The skin 
of the external canal was descnbed as eczematous Boric acid douches were 
employed, and the discharge entirely subsided after two and one half years Up 
to the present there has been no recurrence of this condition At the time of his 
coming to the dispensary of the Kings County Hospital, in the fall of 1938, the 
patient's greatest concern was with the social embarrassments arising in relation to 
his appearance 

Physical examination disclosed the patient to be fairly well de\ eloped, affable 
and intelligent, with a striking asymmetry of the facies (fig 2) The scalp hung 
in loose folds from the left side of the head The left ear was generally enlarged 
and thickened to approximate!} one-third again the size of its fellow The skin 
of the external meatus was so thickened that the canal was all but occluded The 
subcutaneous tissues of the posterior aspect of the left pinna were much hyper- 
trophied and caused the ear to stand out prominently from the head In addition, 
the pinna was displaced downward onto the neck so that its uppermost nm was 
visibly below the level of the tragus of the nght ear Palpation demonstrated 
that the redundant portion of the scalp varied in thickness between two and four 
times that of the normal (right) side The cutaneous surface was soft and 
smooth, and the growth of hair was somewhat less vigorous over the redundant 
portion of the scalp than elsewhere When the tissue was rolled between the finger 
tips It felt irregular, gristly and much like a bag of worms Altogether, the 
cutaneous lesion implicated the posterior frontal, temporal, parietal and occipital 
regions of the left side of the scalp and the uppermost portions of the postenor 
triangle of the neck A vertical scar 1 inch (2 5 cm ) in length was visible o\er 
the left postenor parietal region Beneath this could be palpated a bony defect 
roughly circular in outline and equal in area to a 25 cent piece Within this 
defect a pulsatile sensation corresponding to the circulatory impulses of the under- 
lying brain could be felt There were rotatory kyphoscoliosis of the thoracic and 
lumbar levels of the spine and a corresponding deformity of the thoracic basket 
The scar of the spinal fusion operation was well healed General physical examina- 
tion otherwise ga\e negative results There were no positive neurologic findings 
The temperature, pulse rate and respirations were normal, and the blood pressure 
in millimeters of mercury was recorded as 124 systolic and 100 diastolic 

Urinalysis revealed no albumin dextrose or significant microscopic abnormalities 
The hemoglobin content of the blood was 90 per cent (Sahli), and the red blood 
cells numbered 5,600,000 per cubic millimeter There were 8,700 white blood cells 
per cubic millimeter, of which 68 per cent were pohmorphonuclear leukocytes and 
32 per cent Kmphocytes The value for blood urea was 39 mg , that for creatinine 
1 26 mg and that for sugar 106 mg per hundred cubic centimeters Examination of 
the scrum rc\caled the \^lue for calcium to be 11 mg and that for combined 
cholesterol 133 mg per hundred cubic centimeter^ The Wabbcrmann reaction 
of the blood was negatne Roentgenograms of the skull re\ealed nothing unusual 
except lor the bony defect ot the lelt paneto-occipital region resulting from the 
operation m 1928 This was shgiitK greater than 1 inch (2 5 cm) m diameter 
The lung fields were clear 

Operation was earned out on Dec 1 193S with tile region under local procaine 
ludroclilonde aiieslliesia Tlie essential step^ ot tiie procedure are illustrated m 
figure 3 \ btnp ot lascia hta measuring approxmiateh by 4K inches (22 bv 
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113 cm ) was first obtained from the right thigh A large circumhnear cutaneous 
incision was then made in the left side of the scalp, beginmng anteriorly at 
the temporofrontal region and sweeping up to the vertex and backward to a point 
just lateral to the external occipital protuberance This was carried deep to 
the bone A second and lower incision, roughly corresponding to this, ivas 



Fig 2 — Preoperati\e photographs illustrating the thickening and reduiiclaiicj 
of the Ictt side oi the scalp and the downward displacement and forward turning 
of the left pinna In the lateral (C) and posterior (D) views the healed scar 
resulting from the operative procedure in 1928 is clearlj visible 
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fashioned so as to remove the redundant portion of scalp A third incision vx 
the scalp was made just above and behind the left pinna (fig 3^) The post- 
auncular tissues were undermined, and a dense mass of vascularized white fibrotic 
overgrowth was excised- The skin of the postenor portion of the pinna was 
reflected The strip of fascia lata was now split lengthwise for one-third of its* 
extent, and the two tongues so fashioned were sutured to the fascia and cartilage 
of the pinna, one anteriorly and the other posteriorly The free end of the fascial 
strip was now burrowed under the scalp, and sufficient traction was exerted on it 
to bring the pinna up to a more nearly normal level (fig 3 B) Two small holes 
were drilled through the outer table of the skull, and the fascia was then secured 
in its new position by threading fine steel wire through the holes In addition, a 
number of black silk sutures were employed to bind the fascial stnp to the 
external fascia of the temporal muscle (fig 3 C) The scalp was closed in separate 



Fig 3 — Opcratue procedure The sketch at A indicates b> broken lines the 
course of the scalp incisions At B are illustrated the reflection of the skin from 
Ihe posterior face of the pinna and the sites at which the two tongues of split 
fascia lata were sutured to the pinna The free end of the fascial strip is shown 
bciiLath the scalp, secured to the vertex of the skull by steel wire sutures At C 
are indicated black silk sutures binding the fascial strip to the external fascia of 
the temporal muscle 

la\ers, interrupted black silk sutures being used through the galea and skin Fne 
steel wire retention sutures were placed at regular intcnals along the horseshoe- 
shajxd mciMon In anticipation of a serous or bloodi ooze a Penrose dram was 
led from under the superior margin of the scalp flap out through the incision in 
the postJuncuIar region- 

1 he grosi specimens consisted of several large crescent-shaped strips of scalp 
Mr) mg from two to four times normal ilnckmess The outer surface of the skin 
apjHired ht dilu The galea was thin but otherwise normal in appearance The 
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cut section revealed a dense, white, irregular pearly-appeanng tissue which 
occupied the position normally represented by the areolar layer Microscopically, 
this consisted of large bundles of fibrous tissue in which were arranged manv 
mesodermal cellular elements in parallel formation The cells varied in shape 
from fusiform fibroblasts to more primitive stellate mesenchymatous cells In 
the low power magnification numerous whorl-like patterns were prominent The 
fibrous bundles were solely of the collagenous type No elastic fibers were seen. 
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Fig 5 — Photomicrograph (hematoxylin and eosin, X 50), showing the large 
nerve nodules which lent to the tumor its plexiform character 



1 6 — Photomicrograph (Wcigcrt stain X 50), demonstrating the modihcd 

nene tissue m tfiL cuitcr oi whieh there remain a few ni>elinated fibers ^farked 
proliferation oi endoiieunum and perineunuin is visible within a loose connective 
ii>Mie matrix 
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cells were demonstrable within knots of dense connective tissue (fig 5) This 
feature appears to justify interpretation of the tissue as belonging to the complex 
tumors of the neurofibromatous group 



Fig 7 — Photographs taken two months alter operation The ele\ate 
of the left pinna is demonstrated Its h>pertrophy is apparent The 
the healed incisions in the scalp ma> be made out The vigor ot growth oi 
in the normal portion of the scalp may be compared with that in the a ill 

The postoperative course was fairly satisfactor> The Penrose 
withdrawn on the lourth postoperative dav At this time the skin sutures 
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also removed The large circumhnear inasion healed by first intention The ears 
matched well m respect to their position on the head Toward the end of the 
first week a serous discharge appeared in the region of the postauncular incision, 
and within a few days the edges of the skin here revealed an undue redness, so 
that It seemed indicated to open the more anterior portion of the postauncular 
incision No definite pus was encountered, and the wound remained clean save 
for a mild saprophytic invasion Wet dressings were applied, and healing by 
second intention was achieved during the next three weeks By the middle of 



r 8 — Lateral view taken rune months after operation No visible redundance 
of tliL scalp is apparent, and the car is maintained approximately in the normal 
jiosition 

DtcLinbtr the hair was growing over the scalp and the patient was discharged 
cosmeiicalK improved (fig 7) Close contact has been maintained with the 
patient *^11100 his discharge and there have been no significant alterations in 
the plastic result during the ten months since operation The most recent photo- 
^riph (fij, 8) was made on Sept 1 1939 Palpation at present fails to disclose 
niv increase in thickness of the scalp tissues, and the skin everywhere appears 
be applied cIo«cI\ to the vault The upper margin of the pinna remains at 
ipproxnnaielv die «;anie level as that noted imtnediatciv alter operation 
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COMMENT 

The present case represents a special type of so-called turban tumor 
The generic significance of this term is of dubious value Ronchese^ 
attempted to limit its meaning to “nodular basal cell epithelioma of the 
scalp with cylindromatous degeneration ” Other writers, however, 
have not conformed closely to this recommendation, the result of which 
IS that the term connotes not a specific entity but merely a gross 
descriptive aspect of certain tumors of the scalp 

Although diffuse fibromatous tumors of the skin of the thighs, arras, 
trunk and buttocks (elephantoid tumors) are not uncommon, a careful 
inquiry into the literature of the past decade has failed to disclose a 
single recorded instance of tumor of the scalp which bears a close 
resemblance to that reported here A number of standard works on 
plastic surgery, including those of Hunt - and Gillies,® have been 
consulted, but among these no comparable case is discoverable 
MacCallum described a case in which the histopathologic picture was 
similar but the clinical features were unlike those of the present case 
in that the tumor was rigid and formed a thick cap over the entire 
scalp No mention was made of implication of the pinna by the growth 
The only other recorded instance which even superficially resembles the 
present one was a case of mesenchymoma reported by Tauber, Gold- 
mann and Barrett ® However, a tendency to ulceration and certain 
clearcut clinical and histologic evidences of malignancy permit a ready 
distmction between their case and that here reported In his discussion 
of neurofibromatosis, Kaufmann alludes to a case of elephantic plexi- 
form neuroma in a girl aged 19 The clinical description, although 
meager, appears to resemble that of the present patient, and the micro- 
scopic pictures in the two cases are similar In Kaufmann s case, 
however, the tmnor was described as “growing rapidly toward the end 

Comparison of the histologic features of the specimen obtained m 
1928 with that obtained in 1938 impresses one with the greater evidence 
of degeneration in the latter, viz , the more heterogeneous character o 
the fibrous matrix, the vanabihty of cell types, the whorls and eddies 

1 Ronchese, F Multiple Benign Epithelioma of the Scalp (Turban Tumors), 
Am J Cancer 18 875, 1933 

2 Hunt, H L Plastic Surgery of the Head, Face and Neck, Philade p u 
Lea & Febiger, 1926 

3 Gillies, H D Plastic Surgery, London, Oxford University Press, - ^ 

4 MacCallum, W G A Textbook of Pathology, ed 4, Philadelphia, W 
Saunders Company, 1928, p 948 

5 Tauber, E B , Goldmann, L , and Barrett, C Mesenchymoma i ^ 

Tjpe of Turban Tumor, Arch Dermat & Sjph 37 444 (March) 1938 ^ 

6 Kaufmann, E Pathology for Students and Practitioners, translated y 
Reimann, Philadelphia, P Blakiston's Son & Co , 1929, vol 3, p 2025 



MEYERS--NEUR0FIBR0MAT0S1S OF SCALP AND PINNA 635 


and the myxomatoid areas Generally speaking, the ratio of fibrous to 
cellular elements is greater in the later specimen It thus appears more 
‘^played out’^ than the early, more cellular fibroma Observation of the 
patient dunng the ten months since operation affords some ground for 
the belief that the active growth of the scalp tumor may have reached 
a standstill This circumstance may have obtained for some time prior 
to operation Spontaneous cessation of growth is not, of course, an 
unusual feature of the life history of certain benign fibromatous tumors, 
the most notable illustration of which is provided by the common warts 
and pedunculated fibromas of the skin Kaufmann ® recorded the per- 
tinent observation with reference to neurofibromatous tumors that “later 
the elephantiasis may become stationary ” If this supposition should 
prove correct in the present case, the ultimate prognosis would be con- 
siderably improved m so far as the necessity for future surgical treat- 
ment is concerned 

The reason for such a “spontaneous” arrest of growth is not obvious, 
and it seems likely that the proper explanation will not be forthcoming 
until the present obscure understanding of the biology of normal growth 
and neoplastic processes has been clarified The present paper is not 
the place for a detailed consideration of the problem, but the recent 
suggestion of Laidlaw ^ in this connection merits more than casual notice 
This writer reconsidered the hypothesis of parasitic origin of certain 
neoplasms in the light of recent developments in virus research He 
referred to the rather convincing experimental evidence of Rivers and 
Ward, Ledingham and Gye, Rous and Shope ® that fibromas, sarcomas 
and myxomas can be regularly induced by the injection of viruses into 
animals of the avian and mammalian series Not the least significant 
point of Laidlaw's discussion is the implication arising from the observa- 
tion that antiserums possessing power of agglutinating and neutralizing 
the “tumor agent” may be demonstrated On such an immunologic 
basis It IS conceivable that neoplastic growth might eventually be brought 
to a halt The notion is highl}^ stimulating because of its wide patho- 
genic and therapeutic significance, and it deserves further experimental 
inquiry 

Concerning the classification of the present specimen as a neuro- 
fibroma, It must be conceded that, m view of the incomplete state of 
knowledge this is somewhat arbitraiw^ It is b\ no means generally 
igreed tint these tumors take their origin from neural elements Some 
writers (\ erocaN , Durante ) believe them to an^e from Schwann sheath 

7 Laidlaw P p Virus Di<;uasc:> and \ iru^cs, \cw York, The Macinillan 
CcinpanN, 1939 p 3b 

S ShoiK p n Infectious ribreiiia of Rabbits InfLCtion witli \ iru;> 
M\ \uinatoMini of Rabbits RLCO\crtd from Fibroma J E\ptr Med 63 *13 1936 
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cells Others (Wegelin) regaid them as deriving from the endoneunal 
and penneunal connective tissues Still another view (Harbitz) holds 
that these tumors result from developmental anomalies of connective 
tissue and are akin in all basic respects to fibromas, myxofibromas and 
sarcomas Almost all writers agree with Durante and with Green and 
Bosanquet ° that neurofibromas are prone to undergo metamorphoses, 
taking on the appearance of connective tissue, imbibing mucin and 
fat droplets and generally simulating the histologic characteristics of 
fibromas, myxomas and lipomas The common embryologic parentage 
(mesenchyme) of these several tissues seems to account reasonably for 
the demonstrable mutations 

SUMMARY 

An unusual instance of extensive plexiform neurofibromatosis of the 
scalp IS reported The clinical history is supplemented by two histo- 
logic specunens, the first taken soon after the neoplastic process was 
established and the second a decade later, when, seemingly, further 
growth had been either arrested or markedly retarded The steps of 
the operative procedure employed to deal with the disfigurements inci- 
dental to the growth of the tumor are described In essence, they 
consisted of fascial suspension of the dependent pinna and extensive 
resection of the redundant portion of the scalp 

9 Green, T H Pathology and Morbid Anatomy, revised and enlarged by 
W C Bosanquet, ed 10, Philadelphia, Lea Bros & Co , 1905, p 108 
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Wells ^ IS generally credited with being the first to report a case of 
leiomyoma of the round ligament In 1865 he reported 2 cases of 
inguinal tumors which were described as “fibrous tumors of the round 
ligament,” one growth was the size of a small orange and the other the 
size of a coconut 

Sanger,- m 1883, found reports of 11 cases of tumor of the round 
ligament m the literature and added 1 of his own In his case the tumor 
was a fibromyosarcoma Emanuel,^ m 1903, added 68 cases Taussig/ 
m 1914, brought the total number of cases to 141 

Watkins,® m 1933, collected 173 cases of tumor of the round ligament 
from the literature , in 87 of these the tumor was a fibromyoma and was 
reported as a fibroma or a myoma In 8 cases a diagnosis of sarcoma 
was made, and in all but 1 the sarcoma represented a malignant degenera- 
tion of a fibromyomatous growth 

Because of the inclusion of fibromas in the myomatous group, the 
exact number of leiomyomas which have been reported cannot be accur- 
ately ascertained However, Honne,® in 1933, collected 36 cases of 
tumor of the round ligament which had been reported since publication 
of the article by Taussig in 1914 In 7 of these cases the tumor was a 
leiomyoma In 1 case the growth was bilateral Although a number of 

From the Division of Surgery, the Mayo Clinic 

1 Wells, S Fibrous Tumors of the Round Ligament of the Uterus, Brit 
M J 2 484, 1865 

2 Sanger, M Weitere Beitrage zur Lehre von den primaren desmoiden 
Gcichwulstcii dcr Gebarmutterbander, besonders der Ligamenta rotunda, Arch, f 
Gynik 21 279-308, 1883 

3 Emanuel, R Ueber Tumoren des Ligamentum rotundura uten, Ztschr f 
Geburtsh u, GjnU 48 383-427, 1903 

4 Taussig, F J Sarcoma of the Round Ligament of the Uterus, Surg, 
G^ntc ^ Obst 19 21S-223 (Aug) 1914 

5 Watkins R E Tumors of the Fallopian Tubes, Ligaments, and Pelvic 
Cellular Tissues m Curtis, A H Obstetnes and Gynecology, Philadelphia, W B 
Saunders Company, 1933, vol 2, chap 63, pp 1041-1088 

0 Horme C F Tumors of the Round Ligament, Am J Obst & Gjnec 25 
440 448 (Marc)i) 1933 
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cases of tumors of the round ligament have been reported since 1933, the 
only case of leiomyoma was that reported by Pardini ’’ in 1934 

The largest leiomyomas have been those reported by Ward,® by Pere- 
waloff “ and by Craig In Ward’s case the tumor extended intra- 
abdominally, above the umbilicus, measured 46 by 48 cm and weighed 
30 pounds (13 6 Kg ) In Perewaloff’s case the tumor was situated in 
the labium majus, it hung to the knees and weighed 31 pounds (141 
Kg ) However, the average diameter is usually given as approximately 
5 cm 

In Emanuel’s senes, the right round ligament was involved three to 
four times as frequently as the left Taussig, who after publication of 
Emanuel’s report found 20 cases of tumor on the right side and 17 of 
tumor on the left side, doubted an actual preponderance for the right side 
In our series of 11 cases of leiomyoma only 4 of the tumors were on the 
right side 

A leiomyoma may arise in any portion of the round ligament Wat- 
kins found that in 69 per cent of the reported cases of tumor of the round 
ligament the growth was extra-abdominal The fact that a superficial 
tumor is observed earlier and is more easily recognized than is a deep 
tumor may account for this greater frequency of extra-abdominal tumors 
of the round ligament Only 3 of the leiomyomas in our series were 
extra-abdominal (see accompanying table) A tumor which arises in 
the intra-abdominal, or peritoneal, portion of the ligament may become 
pedunculated or may grow between the leaves of the broad ligament 
One which arises near the internal inguinal ring may grow subperi- 
toneally along the abdominal wall A tumor which originates within the 
inguinal canal may project through either inguinal ring, and has been 
known to grow upward between the muscles of the abdominal wall 
growth which sprmgs from the insertion of the round ligament in the 
labium majus appears as a tumor of the labium 

Leiomyoma of the round ligament produces no characteristic 
s} mptoms A pedunculated tumor of the round ligament, like a simi ar 
tumor of the uterus, may become strangulated by torsion An intra 
abdominal tumor of the round ligament usually is indistinguishable on 
physical examination from a uterine leiomyoma or an ovarian 
One which is situated in the inguinal region or in the labia must be 
tinguished from hernia, from enlarged inguinal lymph nodes, from var 


7 Pardim, I Un mioma della porzione mtraddominale del ligamento rot 
Clin ostet 36 355-361 (June) 1934 

8 Ward, W Large Fibroid of the Round Ligament, Am J Obst 

1918 


9 Perewaloff, cited bj Craig 

10 Craig, R G Tumors of the Round Ligament, in Lewis, D 
Surgerj, Hagerstown, Md , W F Prior Company, Inc, 1928, vol H. cn P 


oi 
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cocele, from hydrocele of the canal of Nuck and from other tumors of 
the round ligament, namely, adenomyoma (NeeP^), fibroma, lipoma, 
dermoid and sarcoma In the labia one must also rule out the Bartholin 
cyst and adenoma hidradenoides 

Attention was attracted to leiomyoma of the round ligament by one 
of us (Mayo), who recently operated m a case in which the patient had 
a tumor of the round ligament unusual m both situation and size It 
was the largest leiomyoma of the round ligament that has been 
encountered at the Mayo Clinic This case and the 10 other cases in 
which a tumor of the round ligament has been removed surgically at 
the clinic form the basis of this report 


REPORT OF CASES 

Case 1 — A married woman aged 43 came to the clinic on May 3, 1939, because 
of a large superficial tumor on the lower part of the abdominal wall (fig 1) The 
patient had been pregnant only once, and the child had been born alive. There 
was no family history of diabetes mellitus, the patient*s father had had hyper- 
tension 

Albuminuria had been present since the birth of her child, sixteen years before 
she came to the clinic, and she had had edema of the ankles for several years 
She had always been obese Five years before she came to the clinic she had 
noticed that “waves appeared before her eyes” when she did close work Examina- 
tion at that time had disclosed that the value for her systolic blood pressure 
was 200 mm of mercury A diagnosis of hypertension had been made Since 
then, her systolic blood pressure had varied between 160 and 180 mm For a 
few weeks before she came to the clinic she had noticed that her vision for close 
work was worse than it had been previously 

In July 1935 she had noticed a mass about the size of a small lime in the le t 
inguinal region The mass had increased steadily in size and had exten e 
toward the midhne of the body When the patient was first observed at t e 
clinic the tumor was about 18 cm in diameter and hung down over the symphysis 
pubis It had never caused any pain, and the only discomfort it had caused was 
the result of its size, weight and situation The patient had received conflicting 
opinions regarding the advisability of surgical removal of the tumor 

The patient was 62j4 inches (157 8 cm) in height and weighed 193 poun s 
(87 5 Kg) The systolic olood pressure was 280 mm of mercury, and tie 
diastolic pressure was 156 mm The heart sounds, especially the aortic, were 
accentuated The abdomen was large A round mass about 18 cm m diameter 
was found in the lower part of the midhne of the abdomen The 
attached to the left inguinal, labial and suprapubic regions by a broad P ^ 
T. he mass did not transmit light The uterus was of normal size Examination 
also disclosed a c>stocele, grade 2, and edema of the ankles, grade I 

Examination of the ocular fundi disclosed narrowing, grade 1, and c ron 
hypertensue sclerosis, grade 1, of the retinal arteries In a few scattered region^ 
there were a postspastic t>pe of uneven narrowing, grade 2, and small hcnio 
mages There were a few “cotton-wool” exudates, w'hich were un 
absorption, and one large fresh exudate was found above the optic disk o 
left e>e 


11 Xeel, H B Adenom>oma of the Inguinal Region Report or Three Cas 
Surger> 2 769-779 (No\ ) 1937 
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Urinalysis disclosed albuminuria, grade 2, glycosuria (the concentration of 
sugar in the unne was 148 per cent) and a few hyaline and granular casts 
Routine examination of the blood did not disclose any abnormality Three hours 
after the patient had had breakfast the concentration of blood sugar was 240 mg per 
hundred cubic centimeters 

Roentgen examination of the thorax did not disclose any abnormality An 
electrocardiogram revealed left ventricular preponderance and diphasic T waves 
in denvation I 

The clinical diagnosis was (1) a superficial tumor in the lower part of the 
abdomen (possibly a teratoma), (2) hypertension, grade 3, (3) obesity and (4) 
diabetes mellitus 

The diabetes was controlled by a dietary regimen Operation was performed 
on May 8 Regional anesthesia was used to supplement the anesthesia produced 



Rjg 1 (case 1) — Tumor overhanging the symphysis pubis with a portion of 
Us pedicle ansing from the left inguinal region 

b> the intravenous injection of pentothal sodium (sodium ethyl 1-methyI butyl 
ihiobarbitunc acid) An almost transverse elliptic incision was made across the 
tumor, which was well encapsulated and enveloped by superficial fascia. It seemed 
to be attached to the left round ligament and protruded through tlie left inguinal 
region as tliough it were a hernial sac The peritoneal cavity was opened, and 
the round ligament was followed down to its uterine attachment The tumor 
and adjacent portion of the round ligament were rcmo\cd around the stump the 
round ligament was brought to the pubic tubercle, the peritoneum was closed and 
the operation was completed as a left inguinal hernioplasty 

^ cross section of the gross specimen had the t>pical appearance of a large 
lciom>oma which was undergoing degeneration in some places (fig 2) The 
I»aihologic report was as follows Degenerating lciom>oma (fig 3), 20 b\ 15 b> 
12 cm miinnteh aiiachcd to the left round ligament Weight, 1 Gni 
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The patient made an uneventful recovery and was dismissed from the hospital 
in good condition on May 24 While she was confined to bed after the operation 
the systolic blood pressure was 175 mm and the diastolic pressure was 98 mm 

Case 2 —A married woman aged 45 complained of nervousness which had been 
present for many years and had been associated with occasional attacks of pain 
in the right lower quadrant of the abdomen She had been pregnant only once and 
had given birth to a living child Palpation revealed tenderness, grade 2, deep 
m the nght lower quadrant of the abdomen Pelvic examination disclosed what 
was thought to be a large cyst of the nght ovary A small nodule also was 
palpated above, and to the right of, the cervix Operation disclosed multiple 
pedunculated uterine fibroids The largest fibroid was 9 cm in diameter An 
adenoma 3 cm in diameter was found in the right round ligament, about 5 cm from 
the uterus Multiple leiomyomas also were present m the right round ligament The 
diameter of the largest of these tumors was 1 5 cm , and that of the smallest 
was 2 mm 

Case 3 — A marned woman aged 32 came to the clinic because of indigestion 
(which proved to be functional) and because of a pelvic tumor which never had 
caused any symptoms but had been discovered by her physician one week previously 
She had been pregnant only once and had given birth to a living child Pelvic 
examination disclosed a firm nodular tumor on the left side It was thought to be 
a subpentoneal fibroid or an ovanan tumor Operation disclosed that the tumor 
had arisen from the round ligament but was situated almost entirely within 
the broad ligament A myomectomy with removal of a portion of the round 
ligament, 3 cm long, was performed The tumor, which was a leiomyoma, 
measured 8 by 7 by 7 cm and weighed 120 Gm 

Case 4 — The patient was a marned woman aged 48 who had been pregnant 
only once and had given birth to a living child She came to the dime because 
of moderate frequency of unnation and soreness over the bladder, which had 
been present for nine months, and because of pain in the left hip, which had 
occurred occasionally during the previous two years She was very obese, and her 
abdomen was pendulous Palpation revealed slight tenderness over the bladder 
Pelvic examination disclosed a soft, flabby cjst on the left side The cyst reached 
almost to the umbilicus and was thought to be an ovanan cyst Operation disclosed 
a cystic tumor which was attached to the left round ligament by a twisted pedicle 
The tumor measured 15 by 15 by 8 cm and weighed 675 Gm It was an edematous, 
subscrous, pedunculated leiomyoma Removal of the tumor rehe\ed the symptoms 

Case 5 — The patient was a marned woman aged 33 who had been pregnant 
only once and had given birth to a living child She complained of menstrual 
pain situated in the lower part of the right side of the abdomen The pam had 
occurred since puberty and had increased in sevent> It had come on after the 
onset of the menstrual flow and had incapacitated her for three days each month 
Her menstrual periods had been regular Two years before she came to the clinic 
siic had noticed a lump in the lower part of the abdomen Pelvic examination at 
the chnic disclosed a tumor on the right side The tumor was tliought to be a 
utcnjjt fibroid Operation disclosed an intraligamentous leiomioma which had 
ansLu from the round ligament The tumor was 7 cm in diameter, it was adherent 
to the right fallopian tube, tlie nght o\7ir\ and the omentum The nght fallopian 
lube and the nght ovar> were removed with the tumor The appendix also was 
removexl Since the operation, the dvsmcnorrhea lias disappeared and tlie patient 
Ins given birth to two children 
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Case 6 — A single woman aged 42 came to the clinic because she had noticed a 
mass m the right lower quadrant ot the abdomen tliree weeks previously Smce 
puberty she had had menstrual pain in tlie right lower quadrant ot the abdomen, 
and she had noticed some blood dots during her menstrual periods *‘Gas pains*’ 
in the nght lower quadrant of the abdomen had been present tor eight >ears, and 
she occasionally had noticed spots ot blood midway between her menstrual penod^, 
which always had been regular Abdominal and pelvic examination disclosed a 
large, hard, irregular tumor which filled the pelvis The preoperative diagnosis 
^\as multiple leiomyoma of the uterus Operation confirmed the diagnosis The 
diameter of the individual tumors varied from 1 5 to S cm The uterus, tubes and 
Ovanes were removed A myomectomy also was performed for a leiomyoma of the 
left round ligament The size of tins tumor was not mentioned 

Case 7 — A divorced woman aged 35 had never been able to become pregnant in 
seven years of married life In 1924 an adenoniyoma ot the right round ligament 
and a draining sinus had been removed at the clinic She had always had a slight 
pam in the right lower quadrant of tlie abaonien at the begimiing of menstruation 
In 1935 she came to the clinic complaining ot severe pain which had been pre:>ent 
in the right lower quadrant of the abdomen since the onset of menstruation, a week 
previously She also had noted a lump in the nght lower quadrant This lump 
had enlarged during menstruation On examination, motion of the cervix caused 
pain The uterus was tipped to the nght, and several small nodule^ were felt on 
It It was thought that she probably had endometriosis At operation, on Dec 10, 
1935, a congenital anomaly was found There was no evidence of a fallopian tube 
on either side, and the only ovarian tissue found was situated high on tlie left lateral 
wall of the pelvis, extended downward and was incorporated in tlie round ligament, 
which was inserted m the wall of the uterus at a point about opposite the uterine 
arter 3 '^ Along this ligament were situated three or four leiomyomas, which varied 
from 7 mm to 4 5 cm in diameter A pedunculated fibroid was found in the left 
lateral wall of the uterus The uterus and cecum were densely attached to a nodule 
in the right abdominal wall which proved to be a chronic abscess 

CxVSE 8 — The patient was a married woman aged 49 who had been pregnant 
four times and had gi\en birtli to three living children A month before she came 
to the clinic she accidentally'’ had disco\ered a hard lump in her nght groin The 
lump had not caused any symptoms The patient recently had missed two 
menstrual periods, but tins was attnbutable to her age. Examination re\ealed an 
oval cystic mass on the right side ot the mons The mass could not be reduced 
It w^as thought to be a nght, indirect omental hernia or possibly a cyst ot the 
round ligament or its co\ermgs Operation re\ealed a leiomyoma ot the rigiit 
round ligament 

C \SE 9 — The patient was a married woman aged 46 She had been pregnam 
only’’ once but had not given birth to a luing child For three \ears beiore s k 
came to the clinic she had had recurrent attacks of presi>ure-hke pam m the rig i 
loin, Hank and back She also had had mild dy^smenorrhea Her menstrual peri 
were btill regular, but the menstrual flow had become bcanty during the s»ix moiin^ 
beiore she came to the clinic Pehic examination re\ealed what w^s thought to e 
a cyst of the nght ovary, which was the size oi a peach Operation dibCloac ^ 
pedunculated leiomyoma oi the lett round ligament and a leiomyoma ot the mi 
portion OI the leit tallopian tube The diameter oi the tumor ot the round hgiintU 
was 2 5 cm, and that oi the tumor ot the tallopian tube wa^ 4 mm Puru 
salpingitis was present on the right side The right tube measured 7 bv - ^m 
Both ot the tumors were excised and tlie riglit lallopian tube and right ovarv were 
removed 
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Case 10 — The patient was a married Negress aged 37, who had been pregnant 
once but had not given birth to a living child A diagnosis of uterine tumor had 
been made two years before the patient came to the clinic She recenti) had missed 
two menstrual periods, had had a dull pain m the right lower quadrant of the 
abdomen and had had a sensabon of incomplete mictunbon Palpabon revealed a 
pelvic mass which extended upward as far as the umbilicus The mass was thought 
to consist of utenne leiomyomas A total hysterectomy was performed through the 
abdominal wall The mass was found to consist of multiple intramural leiomyomas 
The patient also had a leiomyoma of the left round ligament , this tumor was 2 5 
cm m diameter 

Case 11 — The patient was a marned woman aged 35 who had been pregnant 
nine times and had given birth to eight living children A mass had developed in 
the right labium during the three years before she came to the clinic It was 
thought to be a cyst of the labium The mass, which was 6 cm m diameter, was 
excised It was first reported to be a myxofibroma, but further study disclosed 
tliat it was a leiomyoma which probably had arisen from the round ligament 

SUMMARY 

Leiomyoma of the round ligament has been encountered surgically 
at the clinic in 11 cases, m which the patients were women between 
the ages of 32 and 49 years Ten of the women were married, 9 had 
been pregnant, and 7 had given birth to living children The tumors 
varied m size from 2 mm m diameter to 20 by 12 by 15 cm In 1 
cases the growth was situated on the left side, and in 4 cases it wats 
on the right side In 2 cases it was multiple In 8 cases the tumor was 
situated intra-abdommally m the peritoneal portion of the round liga- 
ment In 2 of these cases the tumor was pedunculated, and m 2 other 
cases it was situated almost entirely within the broad ligament In 3 
cases the tumor was extra-abdominal , m 2 of these cases it was situated 
in the inguinal canal, and m the third case it was situated in the labium 
A uterine leiomyoma was present in 4 cases In 1 case there was also 
a myoma of the fallopian tube on the same side, and in another case 
multiple leiomyomas were associated with an adenomyoma of the 
round ligament 

In only 2 cases were there symptoms attributable to the tumor of 
the round ligament Soreness of the bladder, frequency of urination 
and pain in the hip were present m 1 case, and severe dysmenorrhea 
was present in the other case In both cases removal of the tumor 
was followed by disappearance of the symptoms In 5 cases the symp- 
toms were accounted for by other pelvic disease, and in 4 cases there 
wxre no S)mptoms aside from the presence of the tumor 

In none of these cases w^as the diagnosis made or suspected clinically 
As has been stated, the diagnosis cannot be made if the tumor is intra- 
abdommal Howc\cr one should suspect a leiom)oma of the round 
ligament in an} case in winch i woman of the cliild-beanng age has a 
tumor wlncli arises from the inguinal or laliial region if the presence 
ot i henna or of other more easil) recognized tumors lias been excluded 
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The study of symptoms of ectopic pregnancy, augmented in this 
paper by observation of 81 patients treated surgically in the Ravenswood 
Hospital, Chicago, reveals results interesting not only to the gynecologist 
but to the surgeon, who faces the problem of differentiating “surgical” 
from “gynecologic” diseases of the lower part of the abdomen Labora- 
tory data which make the diagnosis almost specific, such as the Aschheim- 
Zondek reaction, are not always available, but once the possibility of an 
ectopic pregnancy is considered, these tests facilitate a more definite 
diagnosis Although, as will be explained later, the blood counts are 
often bare of any diagnostic significance, there will be occasions when 
the patient’s pallor and other manifestations of shock will make a diag- 
nosis of internal hemorrhage definite The only difficulty will be in 
determining the source of the hemorrhage , abnormalities in tlie men- 
strual history together with other manifestations, to be mentioned later, 
should lead one to the correct diagnosis 

PROBLEMS OF PREOPERATIVE DIAGNOSIS 

All authors who discuss the diagnosis of ectopic pregnancy agree 
that in many instances it is made with difficulty because of the varia- 
tions in the symptoms which are known to be present in this disease 
The clearcut examples, with the typical textbook manifestations, are 
easily recognizable But the percentage of misdiagnoses is still too large 
The physician who must make his decision from bedside examination 
only may often face a difficult problem, and in many cases the correct 
diagnosis is impossible because of the general and vague symptoms 
When symptoms of a severe hemorrhage are unequivocal and there is 
time for an Aschheim-Zondek test, a definite diagnosis is obviously po^ 
sible 

Scheffey, Morgan and Stimson stated “Even today, the 
of ectopic pregnancy confronts us as a diagnostic problem 

From the Ra\ens\vood Hospital and the Departments of Anatomy and Surger , 
University of Illinois College of Medicine , 

1 Scheffey, L. C , Morgan, T R , and Stimson, C M An Analysis o 
Senes of Eighty-Two Cases of Ectopic Pregnancy, Am J Obst &. Gyncc 
103-115, 1932 
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correct diagnosis was made in 78 8 per cent of their cases before the 
operation 

Urdan,^ m his critical study of 474 cases, learned that the absolute 
diagnosis of ectopic pregnancy, except in the ''tragic cases/’ is a difficult 
matter The preoperative diagnosis was correct m 58 17 per cent of his 
senes of cases 

Fitzgerald and Brewer ^ found 60 4 per cent of ectopic pregnancies 
correctly diagnosed, Jonas, ^ 73 3 per cent These are percentages which 
have no bearing on the skill of the diagnostician but are an integral fea- 
ture of the problem A study of these reports also shows that there is 
a likelihood of diagnosing an ectopic pregnancy as some pathologic 
condition far removed from the pelvis 

Bubis ° maintained that early diagnosis is difficult He stated that "m 
many cases of typical textbook symptoms I found no extra-utenne preg- 
nancy ” Urden stated, "The knowledge of ectopic pregnancy is complete 
but the diagnosis is still a difficult problem ” 

According to Jonas,^ “A typical case of extra-uterine pregnancy is 
unmistakable, yet an atypical case, even after rupture, may deceive the 
most astute clinician ” This author also admitted that the diagnosis is 
easiest when the symptoms are acute and that the general symptoms of 
pregnancy are often missing , his patients were admitted to the hospital 
as ill women and not as pregnant ones ! Scheffey, Morgan and Stimson ^ 
found the concomitant signs of pregnancy infrequent Fitzgerald and 
Brewer ^ maintained that because of the obscurity of the diagnosis, the 
patients not infrequently go to a medical or a surgical service They 
observed that 10 2 per cent of patients were operated on with the definite 
diagnosis of an inflammatory disease, 10 6 per cent with a diagnosis of 
either ectopic pregnancy or an inflammatory process, and 4 6 per cent 
with an indefinite diagnosis of a "surgical” condition of the abdomen, 
this represents an error of 25 4 per cent 

Experiences of this character always maintain the surgeon’s interest 
in the diagnosis of ectopic pregnancy, and this clinical entity, as such, 
remains within that professional area in which the surgeon’s realm 
intrudes on the influential sphere of the gynecologist Therefore, this 
paper is an attempt to scrutinize the diagnostic value of the symptoms 

2 Urdin B E Ectopic Prcgnanc> Am J Obst & Gyncc 20 355-372, 

1930 

3 ruzgcrald, J E and Brewer, J I Extra-Utcrinc Pregnancy, Am J Obst 
& Ci>ncc 30 26*1-269, 1935 

4 Jonas, \ E , Jr An Evaluation of Signs and S>mptoms in the Diagnosis 
of E\tra-Utcrinc Pregnancy, New England J Afcd 209 1324-1328, 1933 

5 Bubis J L Report on St\cnt>-Si\ Cases of Ectopic Gestation, -Vm J 
Obsi Gmicc, 17 74-78 1929 
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which occur m ectopic pregnancy with particular reference to features 
which may lead to confusion with conditions in the field of general 
surgery 

ONSET 

The time at which ectopic pregnancy ceases to be only a pathologic 
entity and becomes also a clinical entity is usually characterized by the 
appearance of pain and a retrospective history of irregular menstrual 
bleeding The early symptoms ot ectopic pregnancy either are severe 
and sudden or develop gradually over a period of several days or weeks 
The reports of the different authors agree closely in this respect 
Sudden onset of symptoms, especially of pain, prevails in frequency over 
gradual development of discomfort Falk and Rosenbloom ® noted a 
sudden onset in 65 2 per cent, Jonas in 66 6 per cent and Fitzgerald and 
Brewer m nearly two thirds of all cases 

Table 1 — Ectopic Pregiiancv 


Number of Freauency in 

1 Pain 

a Sudden onset of severe pain in lower part of abdomen (Indi 
eating rupture of pregnant organ) 
b Gradually developing pain a long time before rupture (indicat 
ing the presence of a space-occupying process causing pressure) 
c No pain 

Total 

2. Painting 

3 Nausea and vomiting 


Cases 

Percentage 

01 

S03 

12 

15^ 

3 

39 

7G 

100 0 

13 

16 0 

2d 

35S 


SIGNS AND SYMPTOMS 

In 80 3 per cent of cases (table 1) the patient was seized w'lth sud- 
den pain on one side of the low^er part of the abdomen that caused a 
momentary disability This pain indicates rupture ot the pregnant organ 
and the peritoneal shock due to laceration of the peritoneal surface of 
the tube and consequent hemorrhage into the peritoneal cavity Sudden 
symptoms, such as shock, collapse and unconsciousness, appear accord 
ing to Bubis’ experience, only when sudden massive hemorrhage occurs 
In a smaller group of patients (15 8 per cent) the pain developed grad 
ually, probably as a pressure symptom elicited b} the space-consuming 
growTh of the pregnant organ or b} a slowdy growing liematoma Often 
the patient says she has had moderate pain and discomtort in the lo\\cr 
part of the abdomen for a number ot days or w'eeks betore the siid 

6 Talk H C , and Rosenbloom, M A Extra-bterme Pregnancx Anahs^ 
ot Three Hundred and Thirteen Cases from Harlem Hospital, Surg G\ni.c ^ 
Obst 62 228-235, 1936 
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onset of severe pain In some patients the prodromal symptoms disap- 
pear for days Jonas found that severe pain with sudden onset is pre- 
ceded by hours to weeks by inconstant colicky pam m the lower part of 
the abdomen According to this author, pain often loses its greatest inten- 
sity within half an hour, continuing less severely thereafter 

Pain — This is the most common symptom of ectopic pregnancy , it 
is present according to Jonas m 97 7 per cent of cases and according to 
Fitzgerald and Brewer in 96 4 per cent My series presented a fre- 
quency of 96 1 per cent Curtis ^ explained the pam caused by rupture 
of a pregnant tube by tension of the peritoneum, its tearing and pres- 
sure of the extravasated blood on the peritoneum He accounted for 
the pain associated with tubal abortion by distention of the tube, 
muscular contractions of the tube and pressure of the extravasated blood 
In evaluation of pam as a diagnostic feature of ectopic pregnancy, three 
points must be considered the type, the localization and the course 
of its intensity 

The pains as described by the patients with ectopic pregnancy may 
differ as may any other symptom of this disease They are usually 
characterized as sharp cramps, stabbing pains, bearing down pains, 
labor-hke pains, dull pains, gas pains, backache, pain in the bladder or 
rectal tenesmus The latter two types of pain are noted particularly 
during micturition and defecation respectively Jonas observed 20 cases 
of vesical discomfort and 13 of rectal tenesmus 

During the period preceding the rupture the pam is dull Sudden, 
stabbing pam is the sign of perforation of the tube 

The site of the pain may vary greatly This fact is invaluable, because 
It may direct one^s attention to an accurate diagnosis Therefore, a 
question pertaining to it should be asked the patient, since later the 
painful area increases in size and frequently comprises the whole lower 
half of the abdomen or more However, Fitzgerald and Brewer stated 
that m their senes localization of pam was not of great help either in 
diagnosing extrautenne pregnancy or in determining its site Probably 
these authors had m mind the later spreading of the pain Tennev ^ 
observed pelvic tenderness m 92 per cent of cases Pam may occur 
all o\cr the abdomen, in any of the four abdominal quadrants or onl}^ 
in the lower part of the abdomen It may also occur (though rarely) 
as an epigastric pam or a pam in the shoulder In a study of 474 cases 
Urdan - mentioned 28 patients who had pam m one or both shoulders 
Pam Is therefore located most frequently m the lower part of tlie 

7 Curtis \ H Obstctncs and G\necologj Philadelphia W B Saunders 
Compain, 1933 

TcniKN B \ Cluneal and Pathological Studj of One Hundred and 
I uu Cases of Ectopic Pregnauev Nu\v England J Mul 214 774-776 1936 
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abdomen The frequency reported by Tenney® was 93 per cent, that 
reported by Fitzgerald and Brewer,® 52 6 per cent 

A confusing influence can be brought into the sometimes already 
complicated diagnostic picture by the change in seventy of the pain At 
the time of rupture it begins primarily as a sharp, agonizmg and dis- 
abling pain in the lower part of the abdomen, but, as has been said, it 
may disappear as quickly as it came and leave the patient with only a 
slight dull pain, which m many cases comes back hours or days later witli 
changing intensity 

Fainting — ^Attacks of fainting were present in 16 per cent of my 
cases This frequency comes close to that reported by some other 
authors Falk and Rosenbloom observed fainting in 18 8 per cent, 
Jonas, in 13 3 per cent Bubis encountered shock m 15 8 per cent, 
Scheffey, Morgan and Stimson, in 14 6 per cent The last-mentioned 
authors observed syncope m 26 7 per cent Fitzgerald and Brewer 
observed collapse m 18 2 per cent and fainting m 29 per cent of their 
cases , Urdan noted fainting m 28 91 per cent of his 

Nausea and Vomiting — These symptoms were observed by Falk 
and Rosenbloom in 42 8 per cent and by Fitzgerald and Brewer in 374 
per cent of cases In the Ravenswood Hospital series the percentage 
was 35 8 This frequency of nausea and vomiting is obviously an obstacle 
to strict differentiation of ectopic pregnancy from other abdominal dis- 
eases Scheffey, Morgan and Stimson observed this symptom in onl) 
5 per cent of their cases, but they recorded it only when it was present 
at the time of admission to the hospital and omitted it from the statistics 
when it occurred at an earlier time 


In egidar U terine Hemorrhage — 1 Ins is a frequent symptom It 
occurred in 73 5 per cent of the group studied by Falk and Rosenbloom 
Bubis noted it in 51 per cent, and Jonas’ group reached the peak 
with 90 per cent In the total group described by the last-mentione 
author, 60 per cent of the patients had missed one or more menstru 
periods Scheffey, Morgan and Stimson counted 64 6 per cent o 
cases in which irregular bleeding occurred 

Tenney classified cases of irregularity of the menstrual cycle asso 
ciated with ectopic pregnancy into the following groups 45 per cent, 
one period missed, 52 per cent, one or more periods missed, 
cent, one or more periods missed or very scanty menstruation, an 
per cent, irregular bleeding He stated that the absence of blee m^, 
indicates a living embryo, with which rupture is more dangerous 

Fitzgerald and Brewer reported the following data More t laii 
33 3 per cent of patients did not miss a menstrual period, H 
cent had bleeding which began as menstrual bleeding at a 
but continued longer than a normal period, 12 8 per cent a 
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normal period replaced by a diminished or intermittent flow 
(^'spotting'') , only 176 per cent had no bleeding during the ectopic 
pregnancy, 30 patients had symptoms before they missed a menstrual 
period, 58 patients missed periods but had no subsequent bleeding, 
17 6 per cent had no bleeding between the time of the last period and 
the time at which the diagnosis was made, 506 per cent had only 
spotting following normal menses , 6 4 per cent had spotting for only 
one day , 20 6 per cent had moderate bleeding, and 8 2 per cent had 
profuse bleeding 

Urdan stressed the combination of irregular hemorrhage with pain 
m 89 83 per cent of his patients, because hemorrhage alone occurred 
only m 2 77 per cent of his cases and pain alone in 7 3 per cent He 
also noted that the hemorrhages associated with ectopic pregnancy 
are of lesser intensity than those associated with thieatened abortion 

Table 2 — Vaginal Hemorrhages in Ectopic Pregnancy 


Nnnjber of Freaueocy In 


1 Irrcffular hemorrhagea of any kind during the Interval b€tween 
the last refioilar menstruation and the time of operation 

Oases 

48 

Percentage 

70 6 

2 At least 1 menstruation missed, but no Irregular hemorrhage from 
the last menstruation, to the time of operation 

14 

206 

Z f^o regular menstruation missed before the operation and no Irreg 
ular hemorrhage (1 e before the next expected regular men 
struatlon) 

6 

88 

Total 

63 

100 0 

nemorrhago started with onset of pain 

14 

206 


Falk and Rosenbloom observed irregular hemorrhages in 73 5 per 
cent of their cases, but in 14 per cent the acute symptoms began before 
the onset of the nevt expected regular period Bubis recorded a 51 
per cent incidence of irregular hemorrhages , Jonas found that 90 per 
cent of his patients had had vaginal bleeding at one time or another 
and that 60 per cent had missed one or two periods In Scheffey, 
^^lorgan and Stimson's group the incidence was 64 6 per cent , Thie- 
mcyer's® group had an incidence of 85 2 per cent ot \aginal hemor- 
rhages, and only IIS per cent ot his patients had no \aginal bleeding 

In the Ra\enb\\ood Hospital series, irregular hemorrhage^ occurred 
in 70 6 per cent (table 2) They varied m duration and quantitv^ trom 
cabL to case The ca^es could be grouped in gradual steps trom thOi>e m 
^\hleh there were occasional \aginal hemorrhages up to those in \\hich 
there occurred frequent, e\cn dail>, ones In some cases the hemor- 
ihages ^\c^e described bv the patients as slight spotting, in others, as 
proiuse bleeding 

9 TliiLmL>er V C The Diagnoau ot Ectopic Pregnancy M Rec 142 
373 j75. 1935 
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The cases in which there were no irregular hemorrhages amounted 
to 294 per cent They can be divided into two groups In the first 
(20 6 per cent) at least one menstrual period was missed, in the second 
(8 8 per cent), no regular menstruation was missed 

These statistical figures concerning the uterine hemorrhages asso- 
ciated with ectopic pregnancy indicate that m taking the history of a 
woman with abdominal symptoms special diligence should be exercised 
in discussing this subject m all its details with the patient, even though 
the tentative diagnosis may be acute appendicitis One should also 
keep in mind that, m contrast to normal pregnancies, the overwhelming 
majority of ectopic pregnancies are associated with irregular hemorrhage 
The eliminated blood should be examined for particles of tissue 
The presence of decidual particles with complete absence of fetal vilh 
speaks for an ectopic pregnancy, the presence of both deadual particles 
and fetal villi, for the abortion of a uterine pregnancy 


Blood Picture — The diagnostic value of changes in the blood m cases 
of ectopic pregnancy depends on the amount of blood lost and the rate 
of hemorrhage above a certain minimum which is able to cause any 
significant change m the blood From the standpoint of the surgeon, only 
a few important facts have to be kept m mind Immediately after a 
hemorrhage there is no apprehensible change Several hours is required 
after the loss of a certain amount of blood for replacement of the blood 
by body fluids, which causes dilution of the blood and hence a decrease 
m the red blood count When no further hemorrhage takes place, the 
red blood corpuscles are replaced at the daily rate of about 50,000 to 
80,000 per cubic millimeter The hemoglobin content of the blood reaches 
its normal level much later than does the erythrocyte count Within one 


or two hours after the hemorrhage, neutrophilic leukocytosis appears, 
in accordance with the general rule that leukocytosis follows hemor- 
rhage m which the blood remains m a serous cavity, such as the peritoneal 
or pleural cavity, the subdural space or a joint cavity Leukocytosis 
decreases at a rate comparable to the rate of absorption of the extra 


vasated blood Farrar divided her 150 patients with ectopic pregnancy 
into three groups, with leukocyte counts of 4,500 to 10,000, 10,000 to 
16,000 and 16,000 to 36,350 respectively Of the first group, rupture 
occurred m 59 7 per cent Of the third group, in which there was the 
highest leukocyte count, 100 per cent had either rupture or a tu 
abortion This study demonstrates that the white blood cell coun 


fluctuates as a function of the phases of the hemorrhage 

It cannot be emphasized too strongly that changes in the oo 
picture occur after a relatively large loss of blood but that hemorriao^ 


10 Farrar, L K P The Value of the Leucocyte Count as an Aid to the 
Diagnosis in Ectopic Gestation, Surg, G>nec <1 Obst 41 655-663, 192 j 
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below a certain minimum will not cause any appreciable change in 
the blood count Therefore, m the presence of a normal blood count 
it IS not justifiable to rule out ectopic pregnancy 

Site of Ectopic Pregnancy — One cannot escape the impression 
that ectopic pregnancy occurs more frequently on the right side than 
on the left, as may be seen from table 3, computed from the findings 
of other authors and confirmed also by my series Only the series 
reported by Scheffey, Morgan and Stimson is an exception to this rule 
In the Ravenswood Hospital group it was found that 61 3 per cent 
(table 4) of the recorded cases were instances of ectopic pregnancy of 


Table 3 — Sites of Ectopic Pregnancy Mentioned by Other Authors 





Scheffey, 
Morgan and 




Bublee 

Jonas^ 

Stimson^ 

Thfemeyer® 

Urdan* 

Right tube 

45 

48 

3& 

56 

227 

Left tube 

31 

28 

43 

48 

187 

Right ovary 

2 





Lott ovary 

0 





Abdominal pregnancy 

1 





Omental pregnancy 

1 





Left tube Glthopedion) 

1 





Site unknown 

1 






Table 4 — Sites of Ectopic Pregna:ncy in the Ravenswood Hospital Senes 



Number of 

Treqnency In 


Oases 

Percentage 

1 Right tube 

49 

613 

2, Left tube 

29 

362 

3 0\ary (loft, 1 case right 1 cage) 

2 

26 

Total 

SO 

100 0 

4 Recurrent tubal pregnnncj 

4 

60 


the right tube The left tube was the site of the ectopic pregnancy in only 
o6 2 per cent Ovarian pregnancies had a frequency of 2 5 per cent 
Ectopic pregnancy may occur more than once during the life of a patient, 
as can be seen from the 5 per cent of cases m which operation had been 
performed a second time for ectopic pregnancy Jonas mentioned 2 
cases (2 2 per cent) and Fitzgerald and Brewer 13 cases (2 6 per cent) 
of repeated ectopic pregnanc}'^ 

Bilateral ectopic pregnancy occurring simultaneously is an extremely 
rare hnding folinson and Diasio “ operated in 1 case of bilateral tubal 
prcgnanc\ and collected 10 other cases from the literature 


U Johnson, H H, and Diasio T S Bilateral Tubal Prcgnanc> with Rupture 
of Both Tubes \m J Obst Gmkc 17 116 117 1929 
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Cullen’s Sign — Bluish discoloration of the umbilicus in the presence 
of free blood in the peritoneal cavity was not observed as frequently 
as one would expect Bubis, one of the few authors who looked for 
this symptom, found it only m 3 of 76 cases Jonas emphasized the 
fact that he had never observed this symptom 

Type of I ntra~ Abdominal Hemoi rhage — It is of interest to add to 
this statistical study a summary of the different types of intra-abdominal 
hemorrhage found at the time of operation (table 5) The most fre- 
quent type was rupture of the tube into the free peritoneal cavity, the 
blood accumulating in variable amounts within the cavity (73 2 per 
cent) In 113 per cent of the recorded cases there was hemorrhage 
only from the fimbriated end of the tube with no rupture of the tube 
itself The pregnant tube may rupture also into the broad ligament 
and form a hematoma m its loose connective tissue (2 8 per cent) 
Rupture of a pregnant ovary occurred in both instances of ovarian 

Table 5 — Type of Intra- Abdominal Hemorrhage 

Number oi IVequency In 
Cases percentage 

62 73*2 

8 n-3 

7 99 

2 2S 

2 2,8 

71 ^000 

pregnancy recorded m this paper, a frequency of 2 8 per cent of the 
total group of ectopic pregnancies 

The number of cases in which free blood was found in the peritonea 
cavity IS larger than that m which the tubes were perforated, because 
cases of tubal abortions and also cases in which there was an extravasa 
tion of blood into the tubal lumen, either by separation of the placenta 
or by erosion of a vessel, must be included 

Free blood in the peritoneal cavity was found by Scheftey, Morgan 
and Stimson in two thirds of all their cases 

The percentage of cases in which the diagnosis was made before t le 
onset ot acute symptoms and m which the pregnant tube was oun 
still intact at the time of the operation was as high as 99 

Local Physical Fuidnigs — ^The value of the diagnostic aid obtained 
by inspection, external palpation and bimanual vaginal examination 
the pehic organs differs from case to case The constitution ot sen 
patients facilitates findings which, under equal conditions, cannot 
made with obese patients 

Inspection ot the abdomen of a patient suspected of having 
ectopic pregnancy is of some diagnostic value with thin jiaticiUs 
of little or no ^alue with obese patients The mtra-abdoninia 


1 Bupturo of tube and hemorrhage into peritoneal cavity 

2 Hemorrhage from fimbria into peritoneal cavity 

3 Not ruptured before operation 

4 Rupture of tube and hemorrhage into broad ligament 

5 Rupture of pregnant ovary 

Total 
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which consists of the enlarged tube and, after perforation, of extra- 
vasated blood and coagula, causes a slight bulging in the hypogastnc 
region on the affected side, detectable by careful companson with the 
normal side Cullen’s sign, for which one should search at the time of 
inspection, is present in only a small number of cases 

Palpation of the abdomen reveals a soft abdominal wall, except 
when peritoneal irritation is caused by a hematoma within the peritoneal 
cavity and by the pressure of coagula on the peritoneum (even then 
the muscular rigidity is by no means as intensive as with acute inflamma- 
tions) However, the most careful palpation is apt to cause pain, often 
severe, in the region of the pregnant tube 

Bimanual vaginal examination makes it possible to outline a soft 
mass, often without any definite demarcation, in either lower quadrant 
This examination should be performed gently, because of the imminent 
danger of hastening rupture of the friable wall of the tube or causing more 
hemorrhage from an already perforated tube These two dangers and 
the pain caused by this examination limit considerably the scope of the 
method Great thickness of the abdominal wall makes bimanual vaginal 
examination almost useless for the diagnosis of ectopic pregnancy In 
many cases details cannot be made out, and the only result is the finding 
of a ‘‘diffuse mass” , but under favorable circumstances the findings are 
practically specific The uterus is soft and enlarged but far below the 
size to be expected with a normal pregnancy of the same term The 
findings in the region of the parametrium, tube and ovary before rupture 
differ from those after rupture The period before rupture can be 
considered the dormant period 

Before rupture, the mass, represented by the enlarged tube, is 
usually not large enough to be palpated with ease The pain experienced 
by the patient when tlie enlarged part of the tube slips underneath the 
examiner’s fingers is often of more diagnostic value than the infonnation 
obtained by the examiner through his own sense of touch This pain 
IS often elicited by pressure applied to the cervix, or to the posterior 
vaginal fornix alone In some cases the enlarged tube can be made out 
clearly by palpation, and its nature can be identified when it is possible 
to demonstrate its mobilit}^ 

After the rupture pain on palpation is occasionally diminished, unless 
a greater amount of extravasated blood accumulates, causing an irri- 
tation of the peritoneum The pain at the time of perforation is intense 
uul IS often followed by collapse of the patient The more or less cir- 
eiimscnbed and fluctuating mass which is due to coagulation of the 
extra\asated blood is distinctly palpable in a large majority of the cases, 
aeeording to Behne} it is noted in S5 5 per cent of all cases 

12 BchiKN C \ E\ira-Uttrint PreginiK\ A Study of One Hundred and 
Cun-ecutnc Cases J \ M \ 95 1557-1563 (Xo\ 22) 1930 
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DIAGNOSIS 

As has been indicated, ectopic pregnancy produces clinical mani- 
festations before rupture of the tube which are different from those after 
rupture 

(a) Before rupture of the pregnant tube the patient has a dull 
pain in one side of the hypogastric region There are menstrual irregular- 
ities (either frequent, irregularly repeated uterine hemorrhages or com- 
plete absence of one or more menstrual periods) Abdominal distress, 
nausea or vomiting may occur, but never with such intensity as m the 
presence of acute inflammatory changes m the abdomen Although the 
patient is able to go about and to perform her daily Avork, an enlarged 
uterus and a mass lateral to the uterus are palpable The Aschheini- 
Zondek reaction is positive, but only m the presence of functioning 
chorionic tissue , after separation and death of placental tissue the reac- 
tion becomes again negative 

(b) After the rupture of the tube, most or all of the symptoms 
are mtensifled, and new ones aggravate the condition of the patient, 
who IS in a state of shock associated with a crampy, severe pam in the 
lower part of the abdomen Pam, dizziness and Aveakness force the 
patient to stay in bed When the loss of blood reaches a certain amount, 
the patient appears anemic and the pulse is rapid and Aveak, the Avhite 
blood count is elevated, but the red blood count is low Severe pain is 
caused by palpation of the area of the pregnant tube Irregularities of 
the menstrual history and a positive Aschheim-Zondek reaction make the 
diagnosis of ectopic pregnancy more definite, although, after perforation 
and death of placental tissue, the reaction will soon be negative If the 
patient has any uterine hemorrhages at the time of examination, either 
before or after the perforation, the search for decidual shreds and 
chorionic villi is of great diagnostic help The presence of decidua 
tissue IS a definite proof of pregnancy, uterine or extrautenne, but 
its absence cannot be construed to the contrary The presence o 
chorionic villi must undoubtedly be recognized as the most reliable sign 
of uterine pregnancy, and the diagnosis of ectopic pregnancy can be 
sustained only as long as no chorionic auIIi present themselves m the 
uterine discharge In ectopic pregnancy the cervix becomes also solt 
and liAud a short time after impregnation Roentgen examination as an 
affirmative aid to diagnosis of ectopic pregnancy tails usually because i 
climax of the clinical progress is reached before the ossification 

of the embryo are demonstrable roentgenographically, aaIiicIi is posai 
not sooner than after the tenth or tAveltth Aveek of pregnane) 

It AAOuld be a mistake to explain the symptoms of secondar) 
only by the Aagmal hemorrhage and not to take into consideratio 
the possibility of intra-abdommal hemorrhage 
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After perforation of the tube one can establish, according to the 
mten:>ity of symptoms, two classes of condition (i) the urgent, or 
acute, and (2) the nonurgent, or '^chronic ** 1 With the former, all the 
symptoms are well pronounced, and some of them reach an alarming 
climax severe pain, prolonged collapse of the patient with slow recovery, 
anemic skin and mucous membranes, rapid and weak pulse, emptiness 
of the cutaneous veins, low blood pressure gradually falling in repeated 
readings, low red blood count and blood in the cul-de-sac, which is 
characterized by fluctuation in the posterior vaginal vault and is obtain- 
able by paracentesis through the posterior vaginal fornix Therefore, 
pulse, blood count and blood pressure must be taken frequently and 
must be charted in order to help in evaluation of the progress 2 With 
the latter forms tubal rupture as a diagnostic problem is more puz- 
zling than with the urgent conditions In the nonurgent conditions the 
internal hemorrhage is not so profuse as to produce any alarming 
symptoms of secondary anemia, repair to the point of recovery often 
takes place without surgical intervention, and during the period of repair 
some of the patients are able to pursue their daily routine Usually the 
only prominent symptoms are pain in the hypogastrium and vaginal 
hemorrhage, so that the condition is occasionally diagnosed as abortion 
or explained by some other erroneous diagnosis 

DIFFERENTIAL DIAGNOSIS 

The pain caused by ectopic pregnancy may not stay close to the 
region of its origin but may radiate to other areas of the abdomen and 
sometimes even to the shoulder, thus making the differential diagnosis 
a difficult problem A thorough history and a careful examination of the 
patient should disclose a pelvic origin for the pain Although the type 
of pain IS sometimes pathognomonic, it may occasionally mislead the 
diagnostician because of its radiation throughout the abdomen The 
menstrual history must be discussed in detail with every woman who 
has abdominal symptoms Ectopic pregnancy should always be con- 
sidered and eliminated before the diagnosis of any other abdominal 
disease is definitely made in the case of a woman of the child-bearing age 
"1 he \schheiin-Zondek test should be performed whenever possible 

Normal Pregnancy — Confusion of ectopic with normal pregnanev 
lua} occur \\hcn there is a uterus bicornis with the ovum implanted 
high up in one of the horns, iii \\hich case it is possible to palpate a 
spherical, well circumscribed and movable mass lateral to the midlinc 
Misciicc of pain, hemorrhage and other manitestations makes the diag- 
nosis of ectopic pregnancy dubious 

ibortwn — Vbortion is characterized b} profuse hemorrhage during 
elimin ition of the fetal parts and cramp> pains in the midline of the 
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hypogastrium which the patient herself recognizes as pains in the womb 
The pain associated with abortion is intermittent, corresponding with 
the penodic contractions of the uterus After the cntical moment ot 
elimination of the fetus under labor-hke pains the patient feels relieved 
except for occasional cramps and hemorrhages, wdiich may be protuse 
if ehmmation of the uterine contents is incomplete The great amount ot 
blood and its bright color wdien tlie uterus expels its contents are 
indicative of an abortion, an undramatic spotting or a scanty hemor- 
rhage producing browmish “old” blood indicates, most probabh, an 
ectopic pregnancy, provided that the other findings support this diagnosis 
By inspection of the masses of blood clot, especially after tliey are care- 
fully nnsed m \vater, some of the lumps can be identified as deadua or 
villi The presence of vilh always indicates abortion, w^hereas decidual 
shreds are present wnth ectopic pregnancy as well as wuth abortion In 
some cases of abortion, the fetus and tlie placenta can be identified easih 
In ectopic pregnancy the uterus is smaller than a pregnant uterus betore 
its emptying 

Riiptia e of ail Ovanan Follicle — This condition sometimes causes 
pains similar to those of ectopic pregnancy, but the other clinical 
symptoms are absent Detailed inquiry regarding the menstrual histor} 
should be helpful, as repeated and regular occurrence of the same pain 
at intervals corresponding wuth tlie menstrual cycles is indicatiie ot 
rupture of an ovarian follicle 

Ova) laii Cyst — An ovarian 03^81 can obviously attain the same size as 
a pregnant tube It is firmer, but it is also movable and ma}' sometimes 
cause menstrual irregularities There is no attack of severe pain except 
wdien the pedicle is twisted, the growd;h is not as rapid as that ot a 
pregnant tube During the few^ w^eeks’ obseri'ation wdien the diagnosis 
of tubal pregnanci’’ is being considered, the mass wull remain unchanged 
ill size if it IS an ovarian cyst and a crisis typical of perforation ot a 
tube fails to appear It is not advisable, how'ever, to confirm the diag 
nosis of ectopic pregnane} b}’’ w'aiting for spontaneous perforation 
Furthermore, an ovarian C}'^st is usualty larger w'hen it first causes dis 
comfort than a pregnant tube is even at the time of its rupture Tiie 
long duration of subjectne simptoms the large size of the tumor an 
the menstrual histor} should giie the correct interpretation ot the chni 
cal picture The significance of the menopause in this connection is sell 
eiident 

An o\arian cyst wnth a twisted pedicle causes sudden pain ai 
collapse of the patient as does rupture of a pregnant tube The ina^s 
of the C} St is better outlined on bimanual examination than is the cli u <- 
mass caused b} the hematoma after tubal rupture The fluctuation 
palpable, indicates higher pressure in an o\anan cyst than in tlie nia-a 
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of the hematoma in ectopic pregnancy An ovarian cyst will usually 
be palpable above the pelvic brim, which is a higher location than that 
attained by an ectopic pregnancy Although leukocytosis may develop, 
there is no secondary anemia, and the pulse does not show the changes 
associated with ectopic pregnancy The patient complains of distress 
m the lower part of the abdomen for a long time, sometimes for years, 
often stressing the occurrence of “indigestion” and uncomfortable sen- 
sations in the stomach 

Salpingitis — This condition does not cause a sudden attack as does 
perforation of a pregnant tube, but it may have in common with ectopic 
pregnancy the leukocytosis and menstrual irregularities The pain of 
ectopic pregnancy, radiating sometimes across the midline, may simulate 
a bilateral hypogastric pam which is significant of salpingitis Fever, a 
septic appearance of the patient, peritoneal symptoms and enlargement 
of the tubes causing a bilateral pelvic mass are present m cases of acute 
salpingitis There is no anemia in the beginning of salpingitis, but it 
may develop in the later stages The uterus remains normal in size 
and consistency A history of gonorrhea or a purulent vaginal dis- 
charge and the occasional finding of gonococci in the discharge are 
typical of salpingitis 

Uterine Fibroids — When small, subserous and well demarcated 
from the uterus, or when intraligamentous, fibroids may sometimes give 
the same response to bimanual examination as an ectopic pregnancy 
However, the fibroid is close to and movable with the uterus and is 
firmer than the pregnant tube The history of the patient does not 
indicate pregnancy, and the physical signs of pregnancy are absent 

Intestinal Obstruction — Obstruction or strangulation of an intestinal 
loop located m one of the lower quadrants may also begin in a stormy 
manner, similarly to perforating ectopic pregnancy, but there is no 
history or sign of an existing pregnancy The history of a previous 
laparotomy is important, since intestinal obstruction is commonly 
secondary to adhesions resulting from an operation It the symptoms 
produced by the obstruction (whether secondary to adhesions or to car- 
cinoma) are of more than a few weeks* duration, ectopic pregnancy 
IS improbable If the symptoms are produced by a malignant obstruction, 
there may be signs of failing health, such as loss of weight and anemia , 
such signs wull of course be absent with ectopic pregnancy The intestinal 
sNinptoms, such as vomiting, constipation, retention of gas and stool 
and abdominal distention, are more prevalent with intestinal obstruc- 
tion than with ectopic pregnancy and take a more alarming course 
\\ uh cclopic pregnancy visible peristalsis is absent The typical pains 
and sMiiptoins ot internal hemorrhage occupv the foreground ot the 
clinical picture of a pertorated ectopic pregnancy Palpation ot the 
sites fa\orc(l by hernia, i e inguinal umbilical and tenioral, inav some- 
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times clarify the diagnosis by the discovery of a small strangulated 
hernia, which, owing to its small size, may escape detection by casual 
inspection 

Gallstone Cohc — This condition m a heavy-set patient of the child- 
bearing age with a short costoingumal distance and therefore a rela- 
tively low position of the gallbladder may arouse the suspicion of ectopic 
pregnancy but has nothing else m common with it except the severe pain 

P e'i'joration oj a Gastric Ulcer — This occurs so rarely in women that 
its differentiation from ectopic pregnancy m the presence of symptoms 
of internal hemorrhage is seldom necessary 

Acute Appendicitis — Acute appendicitis and perforated right tubal 
pregnancy have m common only the site of pain and the increased leuko- 
cyte count Menstrual irregularities in a patient with a previously normal 
menstrual record are a strong indication of an ectopic pregnancy, and 
the finding of decidual particles is decisive proof of it The onset of 
appendicitis is rarely characterized by sudden sharp pain and the col- 
lapse of the patient, both of which occur when the tube ruptures 
Abdominal rigidity is more pronounced with appendicitis than with 
ectopic pregnancy In appendicitis there is leukocytosis without anemia, 
but after rupture of the tube both leukocytosis and anemia are present 
In cases of acute appendicitis the signs of pregnancy are absent, and no 
pelvic changes are found on bimanual examination It must be borne 
m mind that in rare cases acute appendicitis may complicate an already 
existing pregnancy The pain and tenderness of appendicitis are at 
McBumey’s point, which is much higher than the area in which pain 
occurs with ectopic pregnancy When the appendix is long and reaches 
down into the pelvis, the pains are localized correspondingly low and 
therefore can imitate those occurring in ectopic pregnancy Vomiting, 
nausea and pain are predominant symptoms of appendicitis, though they 
do not occur in all cases In cases of ectopic pregnancy associated wit i 
considerable hemorrhage the pulse is rapid and weak, whereas wi 
appendicitis the pulse is rapid but of good volume 

Before rupture, pregnancy of the right tube must also be differentiatec 
from so-called chronic appendicitis by evaluation of the menstrual is 
tory, the Aschheim-Zondek test, the location of the tenderness and ot ler 
manifestations 

Calculus — A urinary calculus impacted in the lower part of th^ 
ureter causes pain in the hypogastnum, but the pain projects into 
region of the external genitalia, and because of stagnation of 
the ureter and in the renal pelvis the pain is also experienced m 
renal region of the affected side Such a stone may also cause pa^^ 
in the bladder or stabbing pain in the rectum Cystoscopic and rocn g 
examination and the search for occult hematuria will give 
information about the condition of the urinary system The urine 
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analysis must be obtained by catheterization, because in the presence 
of uterine hemorrhage the uterine blood may mix with the urine, which 
originally was free of blood In reading the roentgen picture it must be 
borne in mind that because of the associated infection symptoms may 
persist for several days after the stone has passed 

SUMMARY 

Ectopic pregnancy can be diagnosed without any difficulty when 
all the symptoms are clearly developed irregularities of a previously 
normal menstrual cycle, typical pains, general symptoms of pregnancy 
and typical physical and laboratory findings The menstrual irregulari- 
ties consist either of complete cessation of the menses or of irregular 
hemorrhages Particles of decidua can be detected m the discharge^ 
chorionic villi are evidence against the presence of ectopic pregnancy 
The constitutional changes in a patient with an ectopic pregnancy are the 
same as those observed with a normal pregnancy The pain is located 
m one of the hypogastric regions, it is dull and lasts for a few weeks 
(the dormant period), until a sudden sharp pain sets in (at the time 
of spontaneous rupture of the tube), followed by shock and vomiting 
The uterus is only slightly enlarged, and a mass is palpable m the adnexal 
region lateral to the uterus The Aschheim-Zondek reaction is positive 
These symptoms are observed during the dormant period of the ectopic 
pregnancy, i e , before perforation of the tube 

After perforation of the tube all these symptoms are overshadowed 
by shock, pain and symptoms of internal hemorrhage, with the typical 
changes in the pulse and blood picture These symptoms can assume 
an alarming degree of intensity, endangering the life of the patient and 
thus constituting an emergency On the other hand, there are instances 
in which the hemorrhage and shock are only moderate, in such cases 
the patient may recover without surgical intervention In cases in 
which the hemorrhage is slight, it is obviously difficult to make a definite 
diagnosis of ectopic pregnancy The patient does not appear dangerously 
ill but presents a clinical picture which makes it necessary to differ- 
entiate more carefully between ectopic pregnancy and other gynecologic 
and surgical diseases of the abdominal cavity 

The surgeon must always think of the possibility of ectopic preg- 
nane}, unruptured or ruptured, when examining a patient of the child- 
bcaring age with symptoms of an acute or a subacute process in the 
lower part of the abdomen because ectopic pregnancy in both of its 
stages shares many s}mptoms not only wnth g}mecologic but with surgical 
diseases of the lower part of tlie abdomen The diagnosis is difficult 
in mam cases, as was explained in the introductory paragraphs of this 
iriiele and it often happens that the patient is first seen not by the 
gMKeologist but b} the surgeon 
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Carcinoma of the extrahepatic bile ducts is a rare condition Text- 
books make few references to it, and the published reviews are frag- 
mentary Early diagnosis is essential, yet clinicians rarely consider it 
The lesion may be found unexpectedly at laparotomy, and the surgeon 
IS frequently at a loss as to the best methods of handling the situation 
It IS proposed to report 6 new cases of this condition and to correlate 
the data from these with those previously reported with a view to 
presenting a comprehensive picture of the morbid anatomic and clinical 
aspects of the disease 

Three earlier papers have been published dealing with cancer m 
closely related structures, namely, carcinoma of the suprapapillary pof' 
tion of the duodenum (Stewart and Lieber) carcinoma of the infra- 
papillary portion of the duodenum (Lieber, Stewart and Lund) and 
carcinoma of the peripapillary portion of the duodenum (Lieber, Stewart 
and Lund) 

ANATOMY 

The extrahepatic bile ducts present such frequent variations m 
length, course, structure and relation that it is difficult to draw a sharp 
line between normal and pathologic anatomy Also, topographic varia 
tions are dependent m part on functional states of the extrahepatic 
biliary system and of regional structures, such as the liver, gallbladder, 
pancreas, stomach and duodenum 

The right and left hepatic ducts appear m the transverse fissure 
the liver and unite at an angle of SO to 90 degrees, forming the coinnio 
hepatic duct, which extends downward, backward and mesially m t^^^ 
gastrohepatic ligament The common hepatic duct varies m lcri& 

From the United States Public Health Service, National Cancer 
the Departments ot Pathology and Neoplastic Diseases, Jefferson Medica 
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from 1 to 10 cm , averaging about 3 5 cm , depending on the level at 
which It IS joined by the cystic duct The duct crosses the portal vein 
and branches of the hepatic artery, and, as it emerges from the hilus, 
it overlies the anterolateral aspect of the portal vein, the hepatic artery 
proper usually coursing to the left of the duct 

The cystic duct, a continuation of the neck of the gallbladder, vanes 
from 0 5 to 6 5 cm in length, averaging 3 to 4 cm The upper, easily 
movable, proximal portion has a redundant lining arranged in spiral 
folds to produce the valve of Heister The lower, more fixed, distal 
portion of the duct is almost smooth and courses downward toward the 
left to join the hepatic duct Pallin described high union, m which the 
confluence of the ducts lies 1 cm or more above the upper border of 
the duodenum, and low union, at the level of the upper border of the 
duodenum or beneath it In about half the subjects examined by Pallin, 
the cystic duct ran parallel with the hepatic duct for a variable distance 
and united with it about the upper border of the duodenum Nuboer, 
following the classification of Ruge, Eisendrath and others, described 
three types of union ( 1 ) the angular type seen in 36 per cent of cases, 
usually on the right of the hepatic duct, (2) the parallel type seen in 
36 per cent of cases, usually deep behind the duodenum, and (3) the 
spiral type, seen posteriorly to the left in 28 per cent of cases 

The common bile duct vanes from 4 to 10 cm in length, averaging 
6 to 7 cm , and is described m three parts The suprapancreatic por- 
tion lies behind the duodenum and varies in length according to the 
point of confluence of the cystic and hepatic ducts When this point 
of confluence is low the suprapancreatic portion is lacking It descends 
along the nght margin of the lesser omentum to the right of the hepatic 
artery, anterior to the portal vein The pancreatic portion extends 
through a groove or tunnel m the posterior surface of the pancreas 
to its entrance into the descending duodenum This segment is 3 to 
5 cm in length and is separated from the vena cava by connective tissue 
alone or by a thin layer of pancreas The duodenal portion extends 
obliquely through the wall of the duodenum A detailed description 
of this portion is found m the recent study by Dardinski 

CARCIXOMA OF THE HEPATIC DUCT 

Three new cases of carcinoma of the hepatic duct are reported 
Fifty-six cases were abstracted from the literature, 32 of which were 
regarded as acceptable on the basis of a clinical histor} and gross and 
microscopic studies of the primar\ neoplasm ^ Six additional cases, 

I Korcz^nski, Schuppcl jenner (cases 1 and 2), Bezangon, Hesper, case 2, 
Clussc Scliucliardi Scliulzt Houald Ingclraiij# Porot Rocco , Houssin 
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probably authentic examples of this condition, w ere not utilized because 
of lack of a clinical history or because of insufficient data- Eighteen 
cases were discarded because histologic studies were lacking in 15^ 
and because of the possibility that the neoplasm may ha\e been pnnian 
in the gallbladder in 2 and in the intrahepatic biliary ducts in another 
Thus there is a total of 35 cases of carcinoma of the hepatic bile ducts 
for analysis 

REPORT OF C\SES 

Case 1 — ] K, a white man aged 82, w^as admitted to the Philadelphia General 
Hospital on Nov 13, 1935, wnth pain, jaundice, bloody expectoration, abdominal 
distention, dark urine and putt 3 '^-like stools of two months’ duration The jaundice 
appeared suddenly and increased progressively, it w^as preceded by attacks of se\ere, 
sharp abdominal pain This radiated from the back o\er the entire upper part 
of the abdomen There were increasing w'eakness, loss of weight, anorexia and 
vomiting Physical examination showed impaired resonance, bronchial breathing 
and subcrepitant rales in both lungs There was gaseous distention ot the abdo* 
men, wnth slight dulness in the flanks but no signs of fluid The luer and spleen 
w^ere not palpable The urine w^as dark amber and acid, wuth a specific gra\nt) 
of 1012, it contained albumin but no sugar The clinical impression was that of 
carcinoma of the common bile duct wnth peritonitis and bronchopneumonia The 
patient lapsed into coma and died on November 15 

Autopsy w’^as performed eighteen hours after death The combined gross and 
microscopic diagnoses w^ere (1) scirrhous adenocarcinoma of the junction of the 
right and left hepatic ducts, with infiltration of the surrounding liver , (2) hydro- 
hepatosis and marked jaundice, (3) arteriosclerosis ot the aorta and coronao 
arteries, with acute myocardial degeneration, (4) bronchiectasis of the left lung, 
(5) biliary nephrosis, and (6) acute fibrinous peritonitis 

The peritoneal cavity contained 2,000 cc of bile-stained serofibrinous fluid 
The stomach and duodenum showed no visible change The small intestine 
contamed black material and dark red blood 

The liver w^eighed 1,200 Gm and was flabby and deeply bile stained The 
surface w^as mottled with deep green markings, and varicose ducts were present, 
especially along the margins Soft, nodular elevations on the surface correspon e 
to dilated ducts beneath The liver cut wnth slightly increased resistance, repealing 
loose, friable parenchyma deeply mottled with green, brown and yellow The cut 
surface showed many dilated ducts, w^hich contained pale, thick mucoua ni 

Lapointe, Raymond and Merle, Adlercreutz, Gutowitz, Petren, cases 14 
Wahl, case 4, Wylegschanin , McLaughlin, case 4, Bosco, Shapiro and Liiven au 
case 12, Milles and Koucky , David, cases 1 and 2, Lampert and McFetridge, 
Perez Fontana, Anastasia and Castro, case 1, Hess and Faltitschek, case 
Walters and Olson, Leiter 

2 Aufrecht, case 1 , Netter, Jenner, case 3, Schmitt, case 3, Salty kow, case / f 
Ikuta 

3 Bristow e, \on Plazer, case 2, Bressy, Debo\e, Stieda, case 4, ^IcGlu^ 
case 3S95A, Petren, cases 9 and 13, Blomstrom, case 2, Ramlau-Han^en, case 
Harnisch, case 1 , Cabot, case 20331 , Hess and Faltitschek, cases 1 

La Manna, case 2 

4 Willigk, Pittonno, Scudder and Richardson 
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Both mam mtrahepatic ducts were obstructed at a point just proximal to their 
convergence Here there were constriction, marked thickening and angulation, 
and the lumens were narrow and slitlike It was doubted that bile could have 



1 (case 1) — Dissection of the hepatic ducts abo\c and the common bile 
<lutt btlou TIk dark probe is in the cjstic duct and the papilla of \ atcr is at 
the cMrcnit bottom of the illustration Note the constrictions in the hepatic ducts 
iIhjnc and the thickLUcd, fissured, irregular mucous membrane ^ I 
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escaped spontaneously through these channels during life The lining of the nght, 
left and common hepatic ducts was thick, gray, fissured and granular (fig 1) 
The gray tissue on the surface extended through the wall of the duct and was 
continuous with a firm gray tumor nodule, 3 cm m diameter, embedded m the 
surrounding liver Extensions of this tissue infiltrated along the large portal 
radicles for a short distance into the liver The common bile duct below the lesion 
was neither thickened nor distended and emptied into an ampulla of Vater together 
with the duct of Wirsung, which also showed no visible change The cystic duct 



Fig 2 (case 1) — Hepatic duct, showing an area ot malignant transforinati ^ 
near the deep fissure to the left The first change is a slight piling up of atypit^^ 
epithelial cells on the surface Then, m succession, there are the formation^^ 
several long, narrow and broad papillary projections and an in\^ion ot at>p 
epithelial cells through the duct wall into the surrounding tissue X 50 

The 

opened into the common hepatic duct well below the point of obstruction 
gallbladder showed no ^^slble abnormality, it contained 20 cc ot pale, op 
mucous fluid entirely devoid ot bile pigment The c>stic duct was uno 
Several sections through the common and right and left hepatic nets 
studied microscopically In most oi the^e the mucous aurtace and un er yin 
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of the duct were jnvaded by atypical epithelial cells In other sections only a 
segment of the duct was involved by neoplasm, and an area of malignant trans- 
formation was clearly evident on the surface (fig 2) The umnvolved duct was 
lined by thm, intact cells, the wall was slightly fibrotic and mfiltrated with 
lymphocytes and monocytes, and the mural glands were slightly hyperplastic The 
first significant change near the neoplastic margin was a piling up of cells on the 
surface, followed by formation of several long, papillary projections and extension 
of neoplastic cells through the wall of the duct into the surrounding tissue (figs 2 



Fig 3 (case 1) — Hepatic duct, showing broad papillary neoplastic excrescences 
on the surface with permeation of the wall and underljing tissue by atypical epi- 
thelial cells which are frequently arranged as acini X 50 


and 3) The surface of the duct was slightly ulcerated in places, and the arrange- 
ment of the connectue tissue of the wall was distorted 

The neoplastic cells \^ncd considerabl> in size and shape, from single nucleated 
elongated cells to large giant cells containing four or more nuclei or a single large 
multilobcd nucleus Intermediate forms were cuboidal and columnar The nuclei 
uvuall> stained uniformh, onl> a few showing h>TDerchromasia Occasional mitotic 
figurci> were seen The cjloplasni was pink, granular, homogeneous or finely 
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vacuolated and sometimes contained droplets of mucin Groups of fi\e to twent} 
tumor cells were arranged in the form of small acini A few large acini showed 
papillary formations and contained debris and mucus in their lumens Other tumor 
cells occurred in the form of strands, clumps or imperfect acini with perineural and 
perivascular infiltration The stroma was abundant and slightly vascular 


Case 2 — E C , a white man aged 52, was admitted to the Philadelphia General 
Hospital on Jan 19, 1930 He had clay-colored stools, dark urine, jaundice, 
pruntis, gradually increasing weakness, lo^s of weight and dyspnea of four or five 
months’ duration Three days before admission to the hospital there ^vas severe, 
intermittent abdominal pain accompanied by bloody stools The abdomen \vzs dis- 
tended and tender There was fulness in the flanks, and evidence of free abdominal 
fluid was noted The liver was greatly enlarged It had a sharp edge and a tender, 
nodular surface The hemoglobin content of the blood was 60 per cent, the »‘ed 
blood cell count was 1,500,000, and the white blood cell count 20,000, per cubic 
millimeter, with 80 per cent polymorphonuclear cells The value for blood sugar 
was 200 mg and that for urea nitrogen 50 mg per hundred cubic centimeters 
The icterus index was 80, and the van den Bergh reaction was of the immediate 
direct type At celiotomy, on January 23, biliary obstruction was assigned to a 
carcinomatous mass high in the hepatic duct, and cholecystostomy w^as performed 
Mesenteric thrombosis, with about 12 inches (26 4 cm ) of hemorrhagic ileum, w’as 
also found The patient died in shock the following day 

Autopsy was performed four hours after death The combmed gross and 
microscopic diagnoses were (1) adenocarcinoma of the confluence of the right 
and left hepatic ducts, with metastases to the regional lymph nodes, (2) hydro- 
hepatosis, with marked jaundice, (3) multiple hemorrhagic manifestations in the 
intestine and kidney , (4) surgical wound of the gallbladder , (5) acute degeneration 
of the myocardium , (6) biliary nephrosis , (7) hyperplasia of the spleen, and (8) 
hypertrophy of the prostate 

The liver weighed 2,260 Gm and was yellowish green and tough The gall- 
bladder contained degenerated blood and disclosed a sutured incision at its fundus 
The C3"stic duct was patulous The common duct was small and when traced 
upward ended in an almost total obstruction at the junction of the three hepatic 
ducts The obstruction was caused by a small, firm, indurated mass surrounding 
the ducts and projecting onto the mucous surface as small papillary excrescences 
The ducts above the obstruction were enormously distended with clear, light yellow 
watery bile The lymph nodes about the common duct were enlarged 


Microscopically, a section through the bile duct at the point of involvement 
show^ed the surface of the duct uneven and ulcerated None of the normal epi 
thelial lining cells remained The surface was composed of connecti\e tissue, 
inflammator> cells and tumor tissue which permeated the entire wall of tlie duct 
and infiltrated several large nerve fibers The neoplastic cells were tall columnar, 
wuth moderately atypical epithelial elements The cytoplasm was pink and granu ar 
!Most of the nuclei were fairly regular in size, shape and staining, although a cu 
were markedh enlarged Some cells were flattened and contained small 
Mitotic figures were few Most of the neoplastic cells were arranged in sma 
acini Others grew in clumps, strands and nests The stroma was moderate 
abundant and infiltrated with mononuclears and lymphocyte^ Blood vessels w^r 
few , there wa^ little necrosis, and there was practicall> no hemorrhage 
There were small metastatic deposits in the hmph nodes 
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The luer showed the features of biliary stasis, with degeneration and pigmen- 
tation m the inner lobule, biliary and focal midzonal necroses, slight bile duct and 
connective tissue proliferation and round cell infiltration On the whole, the hepatic 
parench>ma was not altered markedly 

The kidney showed biliary pigmentation and slight degenerative changes in the 
tubular epithelium 

Case 3 — P D, a white man aged 63, was admitted to the Jefferson Hospital 
on April 16, 1923 There had been gradual loss of weight, strength and appetite 
for one and one-half years Nausea with occasional vomiting occurred about once 
weekly, but pain was never a symptom Loss of weight and strength was rapid 
in the fi\e months before admission Jaundice was first noted on the day before 
admission On physical examination the liver was palpable as a nodular, irregular 
mass filling the epigastrium and the right side of the hypochondnum and extending 
5 cm below the costal cage There was no tenderness or rigidity The urine 
was acid, with a specific gravity of 1 005 to 1 012, and contained a trace of albumin, 
occasional casts, pus cells and bile, it contained no sugar or blood The Wasser- 
mann reaction of the blood serum was negative The hemoglobin content of the 
blood was 88 per cent, the red blood cell count was 3,900,000 and the white blood 
cell count 8,200 per cubic millimeter, and the color index was 1 12 , about a month 
later these values were respectively 83 per cent, 3,500,000, 6,000 and 1 18 Analysis 
of the gastric contents showed a total acidity of 10 to 26, free hydrochloric acid of 
9 and 12 at forty-five and sixty minutes respectively and absent in all other speci- 
mens, there were a trace of lactic acid and a trace of bile in all specimens, the 
latter indicating incomplete biliary obstruction Roentgen examination of the gastro- 
intestinal tract after a barium sulfate meal was performed on April 23 and showed 
a filling defect in the antrum of the stomach, producing irregularity of the sphincter 
The stomach appeared irregular in outline, displaced to the left and fixed At the 
tnd of SIX hours a medium amount of residue was present, and the duodenum 
appeared normal The diagnosis was advanced carcinoma involving the lesser 
cur\aturc of the antrum of the stomach The temperature varied from 96 to 99 F, 
the pulse rate from 60 to 86 and the respiratory rate from 20 to 30 The patient 
left the hospital unimproved on June 4 and returned to work for three months 
T hen, because of increasing weakness, he entered the Philadelphia General Hos- 
pital on September 21 Death occurred one week later 

Autopsj w^as performed eighteen hours after death The combined gross and 
microscopic diagnoses were (1) primary adenocarcinoma of the common hepatic 
duct, wMth metastasis to the liver, (2) hydrohepatosis, with marked jaundice, (3) 
calculous choIcc>stitis , (4) infarcts of the spleen, (5) biliary nephrosis, (6) arteno- 
sclerosiij of the aorta and the coronary arteries , (7) terminal pneumonia , (8) 
nuocardial degeneration, (9) peritoneal effusion, and (10) hyperplasia of the pros- 
tate gland 

1 he peritoneal cavit\ contained 6 liters of dark >elIow serofibrinous fluid 
rile h\er weighed 2 830 Gm It was firm, dark green and granular The 
lobular markings were indistinct and the lobules were surrounded by gra> tissue 
Ihe lower third of the organ was occupied by a firm white growth 12 cm in 
length extending for 6 cm from the lower margin into the h\er tissue The cut 
surface of the tumor was wliite dr> and fibrous In the hepatic duct near its 
origin the i)nmar\ tumor was found as a walnut sized soft white nodule which 
projected into the lumen ot the duct and merged witli the larger mass within 
the h\er 



670 


ARCHIVES OF SURGERY 


The gallbladder was normal m size and contained tarry bile and several small 
fnable calculi, similar calculi were present in the common bile duct 
The pancreas showed no visible change 
The prostate contained a number of small fibrous nodules 
The intestines showed congestion and edema of the mucous membrane 
Microscopically, the single section showing neoplasm was largely composed of 
connective tissue containing a large vein, a nerve and a necrotic area resembling 
liver tissue Throughout the section were scattered nodules of atypical epithelial 



Fig 4 (case 3) — Microscopic section of the tumor, showing scattered 


of atypical epithelial cells embedded m dense hyahnized connective tissue 


XlOO 


cells These nodules were fairly uniform in size and structure The atypical cpi 
thelial cells were columnar or cuboidal, with deeply stained granular cytop a 
and large, fairly regular hyperchromatic nuclei, mitoses were rare The ^ 
areas were composed of atypical epithelial cells arranged as acini or growing so 
In the larger nodules one half to two thirds of the inner portion was necrotic a 
contained blue-staining deposits (fig 4) The stroma adjacent to the 
was dense and collagenous, but elsewhere it was loose, vascular and in r 
with inflammatory cells m focal areas 
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The liver showed marked pigmentation and slight degeneration in the inner 
part of the lobule, with moderate fibrosis, bile duct proliferation and slight irregu- 
larity of the surface 

AGE AND SEX INCIDENCE 

Of the 35 patients, 29 were men ranging in age from 29 to 82 } ears, 
with an average of 56 5 years, and 6 were women ranging in age from 
31 to 59 years, with an average of 45 2 years In the younger age group 
were 2 men, aged 29 and 32 respectively, and 1 woman, aged 31 

Three cases of primary carcinoma of the hepatic duct were found m a 
senes of 22,152 autopsies performed at the Philadelphia General Hospital 
between Jan 1, 1920 and Dec 31, 1936, an incidence of 0 0135 per cent 
of all autopsies Carcinoma ^vas found in 2,687 cases in this series, an 
incidence of 0 11 per cent of all carcinomas 

MORBID ANATOMY 

The neoplasms in this senes of cancer of the hepatic ducts can be 
divided into three groups on the basis of the morbid anatomic charac- 
teristics, namely, local (26 cases), diffuse (in 8 cases) and combined 
local and diffuse (in 1 case) 

A local tumor was present in the following sites at the bifurcation 
of the common hepatic duct (13 cases) , at the bifurcation of the common 
hepatic duct and the lower portions of the hvo rami (6 cases) , at the 
lower end of the common hepatic duct (4 cases), and at the left hepatic 
ramus (2 cases) In 1 case the location was not stated The bile ducts 
were completely obstructed by neoplasm in 13 cases and incompletely 
obstructed in 5 , in the remainder this point was not investigated In 4 
cases the local tumor consisted of a soft, friable polypoid nodule, firmly 
attached to the wall of the duct by a pedicle or a broad base and elevated 
above the mucous surface so as to fill the lumen The majority of the 
local tumors, however, were small, annular, constricting gray or yellowish 
white growths averaging 2 cm in diameter, with thickening of the 
wall of the duct up to 2 cm The mucous surface M'^as either smooth or 
finel}^ granular, excrescences or fissures and ulceration were observ^ed 
in 4 cases Externally, a well defined tumor mass was usually observ^ed, 
which in 1 case extended into the liver as a wedge-shaped nodule In 
several cases the lesion on palpation w^as mistaken for a gallstone In 
others it was suggestive of benign fibrous stricture, one operator dilated 
It in the mistaken belief that he was dealing with a chronic inflammator\ 
process The two tumors originating in the left hepatic duct were appar- 
enth of this t}pe In Rocco^s case, a small, hard, stenosmg carcinoma 
of the left hepatic duct permitted the passage of a fine sound In 
MeLaiighlin's case 4, a firm \elIowish white tumor completeh sur- 
rounded ind iiuaded the left hepatic duct almost oceluding its lumen 
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A probe forced through this mass met with an obstruction 2 cm abo^e 
the bifurcation of the common hepatic duct, and withdrawal ^\ as followed 
by the discharge of thick, purulent matter from above , the right hepatic 
duct was distended, and its orifice at the junction with tlie left brancli 
was almost completely occluded by tumor 

The diffuse type of growth was found in the region of the biturcation 
of the common hepatic duct m 1 case, in the region of this biturcation 
and extending upward along the two rami in 6 and involving the entire 
length of the common hepatic duct in 1 The neoplastic involvement in 
these cases was diffuse and widespread, and the peripheral limits were 
ill defined The neoplastic tissue w'as firm, white and annular, producing 
marked stenosis and rigidity of the ducts, wdnle the mucosa w as granular, 
fissured and sometimes ulcerated In several instances the growth 
extended along the large bile ducts into the Iner, forming either a con- 
tinuous large solitary mass or multiple pea-sized nodules 

A combined local and diffuse type of grow'th occurred in Korczynski s 
case The w all of the beginning portion of the common hepatic duct was 
2 mm thick, and on its inner surface w'ere diffuse deposits ot a rather 
soft, succulent reddish yellow tissue About 2 cm below these was a 
4 mm tumor on the mucous surface 

In no case m this group ^^as there neoplastic mvohement ot the 
cystic duct or of the common bile duct The cystic duct was partiall} 
compressed by extrinsic masses in 1 instance, and in another the base 
of the cystic duct was completely obliterated by chronic inflammatory 
scar tissue Biliar}'^ calculi w ere present in eight locations in a total ot J 
cases, in the gallbladder in 4, in the common bile duct m 2 and m the 
cystic and intrahepatic bile ducts in 1 each The fluid in the distended 
ducts proximal to the point of obstruction was described as clear and 
w'hite in 3 cases and purulent m 1 

The liver showed some degree ot biliar}'^ stasis in all cases, hepatic 
enlargement in the majority and biliary cirrhosis in 9 Hepatic abscesses 
were reported in 1 case, purulent cholangitis in 2 and subphrenic abscess 
in 1 j\Iultiple white infarcts were present in the liver in 1 case The 
finding of hepatic infarction is extremely unusual, for of a large number 
ot cases of obstructive jaundice in human beings examined b\ two ot ti^ 
(Lieber and Stewmrt) and from a review of the literature on liepatic 
infarction (Lund, Lieber and Stewart) this was the onl} clinical exanipt^ 
of an infarct of the liver encountered in the presence ot bihar\ stasis 
In animals, on the contrary, intarcts ot the liver are not uncommon after 
experimental ligation ot the common bile duct (Stewart and Lieier 

Usually the gallbladder contained watery gray, white or 
fluid and was not distended In 1 case the content was thin icteric i" 
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and m another, thick tarry bile This indicated either incomplete obstruc- 
tion at the level of the tumor or that accessory ducts passed directly 
from the liver into the gallbladder No case was found m which such 
accessory ducts obviated the full effects of biliary stasis The gallbladder 
was empty and collapsed in 2 cases and distended in 7 cases, m all of 
which the cystic duct emptied below the primary tumor The mechanism 
responsible for cholecystic distention was unexplained, although blockage 
of the cystic duct may have been effected by traction of the primary 
tumor or by compression due to extnnsic pressure (e g , by enlarged 
lymph nodes) In 1 case it was obliterated by scar tissue The contents 
of the gallbladder were blood stained in 3 cases, in 1 of which an incision 
had been made previously Evidences of cholecystitis with atrophy were 
present in 9 cases, m 4 of which biliary calculi were also found Pen- 
cholecystic adhesions were present in several instances 

Free fluid in amounts of 1 to 6 liters was present in the peritoneal 
cavity in 11 cases, m the majority it was bile stained The effusion in 1 
case contained blood In 2 cases there was evidence of recent fibrinous 
pentomtis 

Neoplastic spread occurred in 17 cases, as follows to tlie liver (12 
cases) , to the regional lymph nodes (7 cases), and to the pancreas, the 
gastrohepatic ligament and the mediastinum (1 case each) In 10 cases 
of hepatic invasion the tumor extended directly along the lesser ducts 
into the liver In 1 instance the hepatic extension consisted of a single 
large, firm mass 12 by 6 mm directly continuous with the primary 
growth Discrete metastases were noted in the liver in the cases reported 
by Rocco and by Walters and Olson 

HISTOLOGIC PICTURE 

All the neoplasms were glandular carcinomas In the majority, the 
atypical epithelial cells were cylindnc or cuboidal Some degree of 
plcomorphism was present in 5 cases, in 1 of ^\hlch the tumor was 
described as a solid alveolar carcinoma Giant cells were present m 1 
CISC Nuclear liypertropliy and hyperchromasia were usual Mitotic 
figures were noted in only 4 cases Acinar structures were present m 
27 cases, with marked \analion in size and shape m se^eral and the 
iornntion of mierocysts in 2 Papillary projections into the acini 
occurred m 4 cases Mucinous material was present in \arMng amount 
Within and between the cells and within the acini m 4 cases in 2 of 
wliieh the tumors were designated as mucinous adenocarcinoma Peri- 
neural in\asion occurred m 2 cases The stroma was abundant m the 
nnjorit\, iIk scirrhous charietcr being an outstanding feature Vreis 

iKinorrlngc neirosis or mflamnntor\ reaction were rareh described 
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CARCINOMA OF THE CYSTIC DUCT 


Twenty-seven cases reported as examples of primary carcinoma of 
the cystic duct were abstracted from the literature These were studied 
critically to eliminate the gallbladder and other sites as possible primaty 
sources of the neoplasm These reported primary neoplasms of the cystic 
duct were grouped as follows 

G^oiip I — In 14 cases of tumors m the cystic duct there appeared 
also to be gross neoplastic involvement of the gallbladder, confirmed 
microscopically m 5 instances (Vautrin, Chini , Licini , Pellegrini, Dalla 
Valle, case 2 , Satta, cases 1 and 2 , Schmidt , Ortiz and Coffigny , Dialti , 
Cailliau, Ramlau-Hansen, case 2, Shapiro and Lifvendahl, case 15, and 
Hess and Faltitschek, case 3) 

Group II — In 7 cases, histologic studies of the neoplasm in the cystic 
duct or in the gallbladder were lacking The latter organ was described 
only once, the wall of the gallbladder was thickened, but the mucous 
membrane appeared normal (Rosch, Etienne, McGlinn, cases 3213A 
and 839B , Dalla Valle, case 3, Bertini, Bailey) 

Group III — In 5 cases, although gross and microscopic studies ivere 
made of the neoplasm in the cystic duct, microscopic studies of the gall- 
bladder were lacking The gallbladder was descnbed grossly in only 1 
case, m which it was small and thick (Petren, case 46, Wohlwill, Salty- 
kow, case 8, Hellner, McLaughlin, case 1) 


Grou-p IV — ^In 1 case a small localized polypoid tumor of the cystic 
duct was found, together with metastases m the liver, m the abdominal 
lymph nodes, m Virchow’s node and m the rectal wall The neoplasm 
was designated histologically as carcinoma solidum The gallbladder was 
not descnbed grossly or microscopically and it appears that the rectum 
was insufficiently considered as a possible primary source for the grouth 


(Shapiro and Lifvendahl, case 14) 

We are, therefore, unable to consider any of these cases as indis- 
putable instances of primary carcinoma of the cystic duct Obvious!}, 
extreme care must be taken to exclude cancer of the gallbladder, pancreas 
stomach, duodenum and rectum m order to substantiate the case Occa- 
sionally primary carcinoma of the gallbladder infiltrates the cystic, hepatic 
and common bile ducts and even extends down through the ampulla ot 
A’ater into the duodenum Neoplasms at the confluence of the bile ducta 
(to be dealt with in the next section) possibly may have taken origin 
from the cystic duct, secondarily extending to the hepatic and common 
bile ducts However, no proved case has yet been reported ot a malignant 
growth arising primarily in the cystic duct and remaining sufficient i 
localized within the confines of that structure to make the origin ot tie 
tumor unquestionable 
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CARCINOMA AT THE CONFLUENCE OF THE EXTRAHEPATIC BILE DUCTS 

Two new cases of carcinoma at the confluence of the common hepatic 
duct, the cystic duct and the common bile duct are reported One hun- 
dred and forty cases were abstracted from the hterature, 46 of which 
were regarded as acceptable,® the report of each mcludmg a clinical 
history and gross and microscopic studies of the primary lesion Twelve 
additional cases, although probably authentic examples of this condition, 
were not included in the present study owing to the lack of a clinical 
history or to insufficient details ® Forty-seven cases were not utilized 
because histologic studies were lacking 

Of 35 cases, the possibility remained that the neoplasm was pnmary 
in the gallbladder in 32 cases ® and in the stomach in 3 ® The reports 
of the 2 new cases follow, and the data obtamed from these, together 
with those from the 46 acceptable cases of this condition, are subjected 
to analysis and summary based on a total of 48 cases in this group 

Case 4 — Af AI , a white man aged 64, was admitted to the Philadelphia 
General Hospital on July 11, 1927, with deep jaundice and extreme emanation 
A detailed history was not obtained because of difficulties with language The 
present illness had begun eight months previously Pain had not caused complaint 

5 Laugier , Chouppe , Silver , Schreiber , Bradbury , Yamagiva, case 1 , 
Brenner, case 1 , Bruno , Lecene and Pagniez, cases 1 and 2 , Devic and Galla- 
vardin, case 2 , Koerber , Uliszewski, case 2 , Miodowski, case 6 , Huguemn , Kehr , 
Donati, Scagliosi, case 1, Pepere, Weber and Michels, Loschke, Cade and 
Pallasse , Borelius, case 1 , Wising and Key , Alonan, case 1 , Spindler , Lamens , 
Pallin, case 4, Prat, case 2, Dalla Valle, case 1, Wahl, case 5, Senokuchi, 
Kurths, Vallery, varder Veer, Pliveric, Carnot, Alondor, Shapiro and Lifven- 
dahl, case 13 , McLaughlin, cases 2 and 3 , Lee and Totten, case 1 , Cabot, case 21, 
122, Romano and Rey, Quenu and Gasne, Cabot, case 22492 

6 Moore, case 2, Brenner, Jordan, Cotte, Saltykow, case 5, Nystrom, 
Duplant, Thevenod and Finck, Shapiro and Lifvendahl, case 7, Konjetzny, Fehr, 
La Manna, case 4 

7 Durand-Fardel , Bourceret and Cossy , Aufrecht, case 2 , Bernheim and 
Simon, case 2, Nieme>er, Bohnstedt, de la Camp, cases 2 and 3, Geraudel, 
Tesson, Patel and Jaboulay, Tuffier, Galla\^rdin, Junquet, cases 9 and 10, 
Warfvmgc and Wallis, Akerbloom, Berg, Stieda, case 5 Littlewood, Pallasse 
and Perret, Desjardins, Flugger, Dressen, Petren, case 18, Koechhn, case 2, 
^mberger, Dalla Valle, cases 5, 6, 7, 8, 9, 10, 11 and 12, Copello, Brocq and 
Maduro, cases 2 and 3, Cabot, case 13521, Blomstrom, case 1, Cabot, case 16071, 
Fcrrario, Ramlau-Hansen, cases 3 and 4, Pa>an, Monges and de Vernejoul, 
Romano and Re>, case 2, La Alanna, case 3 

8 Francr, Rem> Haas, cases 1 and 2, Fazio Anderson and Dewar, 
Jourdan, Brunswig, Kleincrtz, Ham, cases 5 and 6, Miodowski, cases 2 and 3, 
Plantcau and Cochez, Martin case 2, Sherrill, cases 1 and 2, Lecene, Cailliau, 
^uccola, case 5, Salt>kow, case 6, Dalla Valle, cases 2, 3 and 4 Brocq and 
Maduro, case 1 , Dimitnu, Guutrrcz, Ramlau-Hansen, case 1 , Chabrol and Waitz, 
Perez Fontana, Anastasia and Castro, Lamattina, Baile>, case 18 

9 Haas, case 3, Griffon and Le\cn Gleiss 
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The abdomen was prominent and bulging, a mass was present in the right side 
of the hypochondnum, and there was evidence of free peritoneal fluid The chest 
was emphysematous Resonance at the base of the left lung posteriorly was 
impaired Edema of the lower extremities was marked The urine was alkaline, 
Its specific gravity was 1 012, and it contained a faint trace of albumin and occa- 
sional hyaline casts The van den Bergh reaction was positive, and the icteric 
index was ISO Paracentesis yielded 4,000 cc of icteric fluid The temperature 
varied from 97 to 98 3 F , the pulse rate from 70 to 88 and the respiratory rate 
from 20 to 28 The clinical diagnosis was carcinoma of the head of the pancreas 
The patient died on July 18 

Autopsy was performed four hours after death The combined gross anatomic 
and microscopic diagnoses were (1) carcinoma of the extrahepatic bile ducts, with 
metastases to the lymph nodes, the liver and the peritoneum, (2) hemorrhagic 
peritoneal effusion, (3) hydrophepatosis, with marked jaundice, (4) intestinal 
hemorrhage, (5) bile pigmentation of the kidney, (6) cystic goiter, (7) dilatation 
and degeneration of the heart, and (8) terminal pneumonia 

The peritoneal cavity contained 3,500 cc of bloody fluid Many small gray 
nodules studded the peritoneum of the small and large intestine, diaphragm and 
pelvis The pericardial cavity contained 50 cc of bile-stained fluid 

The liver weighed 1,530 Gm The surface was finely granular, the edges were 
sharp and the parenchyma was dark green, firm and tough A number of firm 
gray circumscribed nodules were superficially located beneath the capsule The 
branches of the portal vein and bile ducts were tremendously dilated The gall- 
bladder contained a small amount of brown viscid fluid A very narrow lumen 
could be traced through the common bile and hepatic ducts, and the cystic duct was 
totally obstructed Near the ampulla of Vater the lumen of the common bile duct 
again widened Along the course of the obstruction the walls of the affected ducts 
were replaced by tough, gray homogeneous tissue of cartilaginous consistency 

The lymph nodes along the greater curvature of the stomach were enlarged and 
on section were gray and homogeneous 

A microscopic section was obtained of the bile duct and an adherent piece of 
colon The inner surface of the duct was uneven and ulcerated in places The 
surface cells showed autolysis, but immediately beneath were atypical epithelial 
elements and inflammatory cells The w^all of the duct was markedly thickened by 
dense fibrous tissue, which was infiltrated by atypical epithelial cells The line ot 
adhesion between the bile duct and the colon was infiltrated by tumor tissue, as 
w^as the outer coat of the colon, but the intestinal mucous membrane was intact 
The tumor cells con'^Tsted of atypical columnar epithelium arranged in the form o 
acini Many w^ere flattened and irregular in size, shape and staining The nuclei 
were large, oval and frequently pale and the cytoplasm was pink and granular 
A few^ mitotic figures were observed Irregularity of the tumor cells appeare 
greatest where they permeated the dense connective tissue wall of the bde duct 
Some cells contained single large vacuoles Most acini were small and varied m 
shape, with df generated material in the center The connective tissue stroma was 
abundant Aas^ular and infiltrated with focal collections of lymphocytes 

The kidneys showed marked bile pigmentation and slight degenerative changes 
in the tubular epithelium 

The luer showed the features of far advanced biliary obstruction, witi P^g 
mentation and degeneration in the inner portion of the lobule, focal midzona an 
bihar\ iiecrobis, proliferation of small bile ducts and marked cirrhosis, witi irreg 
lanU 01 the lobular architecture 
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Case 5 — J R , a white man aged 75, was admitted to the Philadelphia General 
Hospital on Sept 3, 1921, complaining of painless progressive jaundice, increasing 
weakness and loss of appetite for five months The jaundice varied somewhat 
m intensity but never completely disappeared Recently there had been marked 
pruritus The stools were clay colored dunng all this period, but there was no 
constipation or diarrhea A mass the size of a hen^s egg lay in the right upper 
abdominal quadrant, but neither the liver nor the spleen was palpable There was 
no fe\er at any time The urine was alkaline, had a specific gravity of 1010 and 



P>g 5 (case 5) — Bilt duct, showing numerical increase and hypertrophy of sur- 
face Mill and collections of atypical epithelial cells below the surface In a few 
places narrow fissures extend into tlic depths of the wall X 50 


eoiUained bile A cluneal diagnosis of carcinoma of the head of the pancreas was 
made The jaundice deejjeiicd, and increasing evidence of ascites was noted, weak- 
ness was progressive and the patient died on September 23 

\utopsN was performed four hours after death The combined gross and micro- 
''topic diagnoses were (I) adenocarcinoma primary at the confiuence of tlie 
eiimmon e\stie and hepatic ducts, with extension to the pancreas, (2) h>dro- 
lKpalosI^ \Mtli marked jaundice (3) biliar> cirrhosis of the liver, (4) biliar> 
iHphrosis (5) generalized jiassivc venous congestions ((>) anasarea and (7) arte* 
nostlerosis of the aorta and the coronar> arteries 
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The peritoneal cavity contained 1,000 cc of slightly turbid fluid, and the serosa 
was smooth and glistening It was not possible to express bile into the duodenum 
by pressure on the gallbladder A probe passed up the common bile duct encoun- 
tered an obstruction 4 5 cm from the ampulla of Vater The gallbladder was 
enormously distended with clear, colorless fluid It measured 19 cm m length 
The cystic duct was also distended, and its outlet into the common bile duct was 
completely blocked The hepatic duct was distended with clear yellow bile It 
was totally obstructed by a firm tumor 5 cm m length and 2 cm wide, this arose 
4 5 cm from the ampulla and obstructed all three ducts at the confluence. Here 
the mucosa was thickened by tumor tissue which extended for a short distance 
into the pancreas The liver weighed 2,130 Gm The cut surface was green, the 
lobular markings prominent and the bile ducts markedly dilated 

A section of the bile duct, obtained through an area showing malignant trans- 
formation, was studied microscopically Most of the epithelium along the normal 
portion of the duct was autolyzed There was an increase m number and hyper- 
trophy of the surface villi, and m the stroma of these were collections of atypical 
epithelial cells In a few places narrow fissures extended into the depth of the 
wall of the duct, but no ulceration was observed here (fig 5) Many atypical 
epithelial cells were tall and columnar, having abundant acidophihc granular cyto- 
plasm and basally situated hyperchromatic nuclei Other cells varied considerably 
in size, shape and staining and tended to become flattened, espeaally where the 
acini were distended Other cells grew in nests and strands which permeated 
between the connective tissue fibers through the entire thickness of the duct and 
into the lymphatic vessels Mitotic figures were infrequent The stroma was 
abundant and dense, containing few vessels Necrosis and hemorrhage were slight, 
and there were no marked inflammatory changes 

The liver showed advanced biliary cirrhosis The lobular architecture was 
distorted, the central veins were displaced, and the cords of the cells were irregu- 
larly arranged There was marked proliferation of small biliary ducts and of con- 
nective tissue which invaded the lobules The medium-sized bile ducts were 
distended, and their walls were thickened and fibrotic The parenchymal and 
phagocytic cells of the liver were deeply pigmented The hepatic cells were degen- 
erated and atrophic, and many areas of biliary necrosis were seen 


AGE AND SEX INCIDENCE 

The patients in the reported cases included 32 men ranging in age 
from 45 to 81 years, with an average age of 61 5 years, and 16 women 
ranging in age from 38 to 72 years, with an average age of 64 7 years 

The 2 cases of carcinoma of the confluence of the ducts occurred at 
the Philadelphia General Hospital in a series of 22,152 autopsies (0(X)9 
per cent), of which 2,687 showed carcinoma (0 074 per cent of all carci* 
nomas) 

MORBID ANATOMY 

The common hepatic, cystic and common bile ducts were involved 
jointly by neoplasm in 38 cases Of the remaining 10 cases there was 
no mention of involvement of the cystic duct m 6 or of the hepatic 
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duct m 2, whereas in 2 cases the cystic duct was said to be entirely free 
of neoplasm In Schreiber^s case, although a cherry-sized tumor 
projected into the lumen of the common bile duct at the point of union 
with the hepatic and cystic ducts, the cystic duct was patent and opened 
just below the involved hepatic duct In Miodowski^s case 6, the 
common hepatic duct was the seat of an annular tumor the size of a 
goose egg, which extended downward to involve the common bile duct, 
between these two areas of involvement, however, a 3 mm segment of 
the bile duct was curiously free from neoplasm and corresponded 
exactly to the point of entrance of the cystic duct 

The neoplasm formed a local tumor in 27 cases and a diffuse growth 
m 21 

The local tumors were of two types One consisted of a single 
elevated nodular projection above the mucous lining The other type 
caused annular constriction and thickening of the wall of the duct, 
occasionally flat excrescences formed on the mucous surface, but no 
elevated projection was described Most of the local tumors were said 
to be the size of a hazelnut, a few were pea sized, and two were the 
size of a hen’s egg The only stated measurement was 5 by 2 by 2 cm 
The tumors were gray or white and hard, fibrous or cartilaginous in 
consistency The surface was slightly* roughened, granular or papillary, 
and was raw and necrotic in a few instances In 2 cases the mucous 
membrane was smooth, and the tumor was thought to arise from glands 
in the wall of the duct In 1 case a localized, elevated nodule exhibited 
a ball-valve action which arrested a sound passed from below but not 
one passed from above An incorrect diagnosis of biliary calculus was 
made at laparotomy m 2 cases The rate of growth of the neoplasm 
was recorded m 2 instances by direct inspection through a laparotomy 
incision One tumor did not enlarge perceptibly during six months, 
the other grew from the size of a walnut to that of a hen’s egg in nine 
months 

The diffuse type of neoplastic involvement was characterized by 
(.\CLSSi\e thickening of the wall of the duct by gray, white or yellowish 
white firm, fibrous or cartilaginous tissue Peripherally this type of 
grow til was poor]} defined In 1 case tumor tissue extended into the 
tr'mb\crse fissure of the liver The lining of the duct m the in\ohed 
ixirlion was either smooth or studded wuth diffuse excrescences friable 
\cgctntions soft poI\poid masses (var\ mg m size from that of a cherr}^ 
to th It of a goose egg) and small ulcers Sometimes the lesion w^as 
mistaken grossi} for a benign fibrous stricture of mflammator} origin 
rile bile ducts were completeh obstructed in 8 cases incompletely 
nbsirucled m IS and probabh incompleteK obstructed in the remainder 
"^uKe It IS (iifflcuit prccisel} to detennine the patenc\ of bile ducts at 
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postmortem examination, the accuracy of these figures is questionable 
Clinical data may indicate complete obstruction, and jet evidence of 
patency may appear at autopsy The upper limit of obstruction occurred 
in the lower segment of the common hepatic duct in 37 cases, in the 
mid-duct in 2 and at the upper end of the duct m 4 In the remaining 
5 cases the point of obstruction extended to the left hepatic ramus in 
all and to the right hepatic ramus m 2 Above the obstruction the bile 
ducts were thin and maximally dilated The dilatation extended upward 
invohang the lesser mtrahepatic radicles, and occasionally fonned 
varicosities on the surface of the liver The contents of the intrahepabc 
ducts were light green or yellow in 6 cases, clear and colorless in 3 and 
purulent m 2 The liver usually was enlarged and showed the gross 
characteristics of biliarj' stasis Marked cirrhosis was present in 10 
cases, in 2 of which the liver was small Hepatic abscesses were present 
in 3 instances 

The lower limit of obstruction was variable Below this limit the 
common bile duct regained its usual caliber, its mucous membrane Mas 
smooth, usually not bile stained and sometimes covered with clear mucub 

The orifice of the cjstic duct was completel} obstructed in 35 cases 
partially obstructed m 5 and uninvolved in 2 In 6 this point was not 
commented on In 1 case the entire length of the cystic duct was totaili 
obliterated by scar tissue, so that not even its lumen could be identified 
with certaintj' In 3 others this duct was obstructed by a combination 
of calculus and neoplasm Proximal to the point ot closure the cystic 
duct and gallbladder were distended in 25 cases The gallbladder 
aceraged about twice normal in volume, being 19 cm long in 1 case and 
the size of a man’s fist in another It contained from 50 to 500 cc ot 
fluid, which was white or colorless m 12 cases, light colored in 8 and 
thick and tarry m 2 With tarry bile in the gallbladder, the possibiht' 
of a ball-\alve action of the neoplasm was considered as permitting bilc 
to enter the viscus and become concentrated there but not to leave it 
The other alternatue postulates an anomalous duct from the In^*' 
discharging bile directly into the gallbladder and thus circumscribing tlic 
obstruction of the cystic duct The contents ot the gallbladder wcn- 
purulent m 3 cases and thick jellow and inspissated m 2 In 13 cases, 
the viscus w'as either undistended or small and atrophied, and the c\sti»- 
duct w'as completely obstructed in all but 3 of these Biharj calcii i 
w ere present in the gallbladder in 9 cases, in the c\ Stic duct m 2 ot tlies^- 
and m the cjstic duct only' m another case E\idences ot choices stiti^ 
were recorded in 10 cases, with empyema of the gallbladder in 4 aii< 
associated calculi in 4 others In 1 case, a rent 2 by' 1 cm was present 
on the posterior surface of the gallbladder, the mscus was enipts an* 

2 liters ot partially clotted blood was free in the abdominal ca\it\ 
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Peritoneal effusions occurred in 13 cases m amounts of 1 to 4 liters 
of fluid, with bile in 3, blood in 2 and inflammatory elements in 3, in 
1 of which the material was frankly purulent In Senokuchi's case, the 
abdominal cavity was filled with 2,000 cc of colloid-like material, and 
the serosa was everywhere covered with colloid masses mixed with 
fibrinous and fibrous strands resulting m extensive visceral adhesions 
In the upper part of the abdomen, adhesions were present in 10 cases, 
to the liver, the gallbladder, the colon, the anterior abdominal wall and 
the great omentum Fibrinous adhesions were present in 4 cases, m 2 
following laparotomy 

Extensions or metastases of the primary tumor were found in 22 
of the 48 cases and were distributed as follows in the liver (16 cases) , 
in the regional lymph nodes (10 cases) , in the gallbladder (2 cases) , 
in the lung (2 cases) , in the peritoneum (2 cases), and in the pancreas, 
the kidne}^ the wall of the portal vein, the gastrohepatic ligament, the 
spleen and the bronchial lymph nodes (1 case each) The hepatic 
metastases were m general similar to those from other neoplasms of 
the alimentary tract In a few cases direct infiltration of hepatic 
substance resulted from growth along the rami of the hepatic duct In 
Senokuchi’s case of mucinous carcinoma there were extensive peritoneal 
involvement and metastases to the spleen The 2 cases in which there 
were metastases to the gallbladder are of interest In McLaughlin’s 
case 2, the gallbladder was small and thick walled, and in one area, near 
the fundus, the mucous membrane was yellowish white and elevated 
above the general surface level , it was adherent to an underlying dense 
tumor nodule continuous with the adjacent liver tissue Microscopic 
examination showed extension of carcinoma from the hver into the 
gallbladder, with in\ol\ement of all coats except the mucosa Similarly 
m Cade and Pallasse’s case, the gallbladder was dilated and tense, and 
at Its external superior pole a neoplastic nodule united it with the luer 

HISTOLOGIC PICTURE 

All the neoplasms at the confluence of the bile ducts w^ere glandular 
CTrcinomas The celL were essentiall} cylindnc, columnar or cuboidal, 
although in main cases they were flattened, and in I instance goblet 
cclL were noted Plcomorphism wab marked in 8 cases, and one 
neoplasm was entircl} undifferentiated The cells reproduced acinar 
struclurcs in 37 cases, with papillar\ mfoldings in 3, the\ grew m the 
form of clumps, strands, cords or nests in 20 other cases Mitotic 
hgurcs were obserxed in onl} 6 cases Considerable quantities of 
mucinous material occurred in and between the cells and m the acini m 
3 eases in all of which the tumors were designated as mucinous adeno- 
eareinomas Marked dilatation of acini with the formation ot microcvsts 
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was til)s(.i\c(l 111 a sini;lc case I hi. stionia ot ilicst. tuiiuira was Uauall) 
ahiuulant, alihoir^h a itw sohtarv j t.fhim.iilatt.(l growtlia were only 
sp.iisth MipiHiricd li\ citniuitiM tissm. Small .ire.ia ot hemorrhage and 
neeiusis were raieh ul)ser\efl. aiul tliLro was little mll.immator} reaction 
rumor eilK oeeaMonally e\teiulecl mtu the jH.rmeural tiaaites and blood 
\essels In 1 ms.tauee‘ the* mam trunk ot the portal \em waa thrombosed 
Fell! s ease not mehiclecl m this study heeauae the* clinical histor\ was 
lacking Is ue\ertlieless interesting, lor the neoplasm w.is constructed 
of tuhulcs and str.mds ot eylmdrie and low cuhoidal cells together with 
large nests ot epideimoid e.ireiuoma growing independently or inter- 
mingled with the* glandular cells 'Ihese nests consisted ot squamous 
epithelial cells, utteii arranged eoueentrie.illy and producing epithelial 
pearls 

C\RCINOM\ OI nil COMMON UILF DLCT 

Included in this group are only those cases of earcinoina in which 
the tumor definiteh originated m the common bile duct, between the 
orifice ot the cystic duet and the ampulla ot \'ater and not in\ohing 
either ot these strueturcs The neoplasms arising in and about the 
papilla and ampulla ot \ ater ha\e been considered in a preMOUs com- 
munication (Lieber, Stewart and Lund) One new case ot primary 
carcinoma ot the common bile duct is reported Eighty -six cases of this 
condition were abstracted troiu the literature, 20 of which w'ere regarded 
as acceptable on the basis of a clinical history and gross and microscopic 
studies of the primary lesion Fifteen additional cases, although 
probably authentic, w'ere not included because of lack of a clinical history 
or because of insufficient details “ Fifty*-one cases w'ere discarded for 
the following reasons In 38 cases no histologic examination of the 
primary lesion wms reported, the diagnosis apparently' being based on 

10 Ormerod , Chappet de la Camp, case 1, Griffon and Dartigues, 

Fardel, Devic and Galla\ardin, case 1, Uhszewski, case 1, Borelius, 

Monan, case 4, Leclerc, Bret and Dufourt, Petren, cases 20 and 22 , Da a > 
cases 1 and 3, Shapiro and Lihendahl, case 10, Cabot, case 16261, cm 
Pangaro, case 1 

'^11 Birch-Hirschfeld, cases 1 and 2, Aloore, case 1, Hebb, Rolleston, 
and 11, Quensel and Vestberg, Gianelli , Saltj'kow, cases 2 and ^ ''Xhl' 
case 4, Dalla Valle, case 2, Mosto, cases 1 and 2, and Shapiro and i ven 
case 9 . 

12 Durand-Fardel , Segond, Delafield, Kraus, Herringham, case 
Brenner, case 2 , Pennato, case 2 , Dobrovici and Faix , Arnsperg^, 
Goldammer, cases 216, 218, 219 and 220, Schaffner , Stieda, case 1 , ° 

case 1, Schmidt, case 1, McGlinn, cases 1022A and 3037A, Pans, ^ 

215, Cheney, Zuccola, case 1, Poynton, Petren, case 1, Castex, 

2, Forgue, Roux and Milhaud, Dalla Valle, cases 4, 5, 6, 7, 8 an , 
case 2, Blomstrom, case 4, Bettoni, case 1 
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gross inspection alone, in 13 cases the ductal origin of the neoplasm 
was not established with certainty in the presence of involvement of the 
pancreas in 4, of the stomach in 3, of the gallbladder in 3, of the rectum 
m 2 and of the cecum m 1, since any of the organs may have been the 
primary source of carcinoma Thus there is a total of 21 cases in this 
group 

Case 6 — E S, a white woman, was admitted to the Jefferson Hospital m 1912 
for chronic nephritis, m 19^8 for cataract, in 1929 for drainage of an abscess of the 
liver with partial cholecystectomy and cholecystostomy, m 1930 for an incisional 
hernia and multiple intestinal adhesions and m 1933 for ulcerative cystitis Her 
last admission to the hospital, at the age of 76, was on July 26, 1934 There were 
loss of appetite, epigastric pain, jaundice, belching and abdominal tenderness of 
three months' duration The pain was continuous and dull and did not radiate 
Examination revealed obesity, marked jaundice and stupor The abdomen was 
prominent and showed the scars of previous operations The liver was palpable 
4 fingerbreadths below the costal margin, in the midclavicular line, and was tender 
and smooth with rounded edges The temperature vaned from 972 to 100 4 F , 
with a sharp nse to 104 6 F shortly before death Roentgen examination was 
performed on two occasions and showed a walnut-sized shadow m the right upper 
abdominal quadrant, not definitely m the gallbladder and interpreted as a calcified 
mesenteric lymph node Duodenal drainage on one occasion failed to yield bile 
The hemoglobin content of the blood was 68 per cent, the red blood cell count 
was 3,500,000 and the white blood cell count 6,000 per cubic millimeter, the color 
index was 0 9, the bleeding time was three minutes, and the clotting time was 
four minutes The Wassermann and Kahn reactions on the blood serum were 
negative The nonprotein nitrogen content of the blood was 36 14 mg and the 
sugar content 82 mg per hundred cubic centimeters A test of hepatic function 
with bromsulphalein showed 80 per cent retention of the dye at the end of thirty 
minutes (2 mg dose) The reaction to the direct van den Bergh test was positive, 
a id the value for serum bilirubin was 26 mg per hundred cubic centimeters The 
urine was variably acid and alkaline, with a specific gravity of 1 014 to 1 022, and 
contained a trace of albumin The patient’s course in the hospital was charac- 
terized by progressive increase of jaundice, repeated vomiting, increasing weakness 
and death on August 28 

Autopsy was performed seventeen hours after death The combined gross and 
microscopic diagnoses were (1) adenocarcinoma of the common bile duct, with 
extension to the pancreas and metastasis to a regional lymph node, (2) hydro- 
liLpatosis, with biliary cirrhosis and marked jaundice, (3) chronic cholecystitis and 
rupture of the gallbladder, (4) fattj infiltration of the pancreas, with fat necrosis, 
(5) exlcnsuc peritoneal adhesions, (6) marked generalized arteriosclerosis, (7) 
siderotic deposits in the capsule of the spleen , (8) fibroais and fatty infiltration or 
the iu>ocardium, (9) coronarj occlusion, (10) chronic nephriti:», and (11) broncho- 
pneumonia 

There was an old healed scar in the right upper quadrant of the abdomen 
Tile Ultra abdominal structures were obicured bj dense peritoneal adhesion^ 
extending between the h\er, the gallbladder, adjacent portions of the gastro- 

13 \ an der B\1 Stiegele Ham case 7 Rousseau and Alonn, Murchison, 
\ an Gieson, Btrnlieiin and Simon ca^e 1 Mo^chcowuz Sclionbauer and Bsteh 
ei^e 5 Secco and Pingaro Sliapiro and Lifvendalil, ca>e 5 \ocliimowski ca^-e 3 
MumIow ki ca'ie 5 




Fig 6 (case 6) — Common bile duct, showing hypertrophied villi and 
proliferation of tumor cells on the surface with permeation of the wall an 
tissue X 50 

after partial dissection of the specimen A cross section through the ^ 

stnction revealed a triangular, firm, nodular lesion 1 cm on a side, eni e 
the wall of the duct and in a portion of the underlying pancreas The 
elsewhere showed extensive fatty infiltration and small areas of pancreatic n 
Proximal to the constriction the bile ducts were markedly dilated, the cys c 
readily admitting the passage of a probe The fundus of the gallblad er 
away, and the portion of the wail remaining was continuous with the large 
area broken into as described This cavity was walled in by the postenor 
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of the liver, the anterior wall of the colon, portions of the pancreas and duodenum 
and dense surrounding adhesions No gallstones were found 

The liver was bile stained, soft, cystic and mottled with dark green areas inter- 
mingled with yellowish ones On section of the liver little bile was found in the 
ducts, and there was a moderate increase in connective tissue. Apparently most of 
the bile had entered the cyst which enclosed the ruptured gallbladder 

The duodenum and the first portion of the jejunum contained a small amount 
of dark granular fluid The feces were clay colored Several lymph nodes about 
the common bile duct and pancreas were enlarged, soft and pigmented. 

Microscopically the entire wall of the common bile duct at the point of 
obstruction and the underlying pancreas were involved by tumor growth over a 
triangular area measuring 1 cm on a side On the surface of the duct the villi 
were hypertrophied owing to the presence of atypical epithelial cells (fig 6) The 
hypertrophied villi were separated by deep fissures Elsewhere on the surface the 
epithelium was autolyzed The tumor cells were essentially columnar, but some 
appeared round and elongated Their nuclei were relatively large, hyperchromatic 
and irregular but rarely multiple, none were observed in mitosis The cytoplasm 
was acidophilic and frequently showed one or more large vacuoles contaimng 
stringy mucin The tumor cells were arranged chiefly m the form of acini of 
various sizes, many of them relatively large, or as dumps and strands The stroma 
was abundant and contained a few inflammatory foci Pancreatic permeation 
occurred chiefly in the interstitial tissue, with consequent atrophy of the paren- 
chyma and perilobular fibrosis 

Small metastatic deposits were present in the cortical sinuses and aflFerent 
lymphatic vessels of one of the regional lymph nodes The gallbladder was 
markedly thickened and fibrotic, with atrophy of the musculature and a diffuse 
inflammatory cell reaction , the epithelial lining was autolyzed \t the fundus, 
along the line of rupture, there was a wide zone of necrosis extending through the 
entire wall of the gallbladder, causing fragmentation and wide separation of tissue 
fibers, between which there was a deposit of brown pigment The liver showea 
auto)>sjs, marked biliary pigmentation, moderate fibrosis and inflammatory cell 
infiltration m the portal areas Several small abscesses were present m the paren- 
chyma The kidneys showed marked biliary pigmentation Siderotic nodules 
(Gamna-Gandi bodies) were present beneath the capsule of the spleen 

AGE AND SE^ INCIDENCE 

iwchc patients were men varying in age from 48 to 76 years, with 
in axcragL of 60, and 9 were women varying in age from 42 to 76 years, 
with an average age of 60 

It was impossible to estimate accurately the incidence of proved 
pnmar) earcinoma of the common bile duct exclusive of the ampulla 
of Valer md the duodenum, wdiich of course are frequenth invaded 
second ml) l)\ tumors of the common duct jMany of the neoplasms 
eonsulered m a prexious communication on primary carcinoma of the 
penpipillar\ portion of the duodenum (Lieber, Stewart and Lund) may 
letu ill\ lu\e iriseii Irom the lower portion ot the common bile duct 
However is \\ is set forth m that publication it was not possible 
ib'-oluith to ebminite their origin from neighiiormg structures such 
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as the pancreatic duct, the ampulla ot Vater or the duodenal mucous 
membrane covering the papilla ot Vater Theietore, the true incidence 
of piimary carcinoma ot the common bile duct must remain in doubt 
pending publication ot statistical data which rest on caretully worked 
up material Ihe new' case reported here occurred among 3,526 
autopsies pertormed at the Jeilerson Hospital (0 028 per cent of all 
autopsies) 

:vrORUID VN \TOM\ 

The location of the neoplasm could be accurately determined in 17 
cases In 7 it w'as localized m the lower end of the common bile duct, 
and in the remaining 10 the incidence was eciuall} divided betw'een the 
middle and upper segments , the exact situation of tumor in the other 
cases W'as not stated How'ever, it was pertectly clear that m all 21 
cases there w'as complete absence of neoplastic involvement of the 
ampulla of Vater and the duodenal mucous membrane below and of the 
hepatic and cystic ducts above The neoplasm tormed a localized grow'th 
m 12 cases, varying in size trom a few millimeters to the size of a pea, 
a cherry seed or a walnut, the largest growth being the size of a hens 
egg The tumors were soft , the} were gray, yellow or white, with a 
granular papillary surface In 1 case, 8 to 10 cm of the common bile 
duct was involved by multiple sott, vegetating nodules between which 
the mucosa was thickened and hyperemic but not ulcerated In 9 cases 
the neoplasm formed a diftuse, firm stenosmg growth, granular and 
vegetating on the surface There was ulceration m 6 cases, the ulcer 
being microscopic in 2, while m another it eroded deeply the w'all of the 
bile duct into the head of the pancreas With both the local and the 
diffuse types the wall of the duct was usually thickened as much as 1 cm 

Occlusion of the duct was complete in 11 cases, m the remainder 
no statement regarding the degree of obstruction was made Proxim 
to the obstruction, the biliary ducts were maximally dilated 

Extension or metastases or both occurred in 11 cases, as follows m 
the liver (6 cases) , in the regional lymph nodes (5 cases) , m the lun^s 
(3 cases), and m the gallbladder (1 case) In 1 case, metastatic depos^J 
were confined to a single lymph node above the left clavicle In seve 
cases only one or two regional lymph nodes contained metastatic epo ^ 
The secondary growths m the liver were frequently multiple, but m^^ 
case there was an enormous solitary mass replacing a large portion 
the organ Extension of the primary process into the pancreas occ 
in 4 cases, in 3 of which metastases were not present elsewhere ^ 
infiltrating lesions were small in all instances, replacing a portion 
immediately underlying pancreas and invading vessels and 
3 cases, while in the fourth an ulcerative lesion in the common duct a 
extended deeply into this organ 
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The features of biliary stasis were present in all cases in which the 
liver was described, and some degree of cirrhosis was also present m 
5 cases In all but a single instance (to be noted) the gallbladder was 
distended or was not described The contents of the gallbladder were 
clear and colorless m 6 cases and green, tarry and purulent in 1 case 
each Biliary calculi were present in the gallbladder m 6 cases, in 1 
of which the common bile duct also harbored a calculus Marked 
cholecystitis was noted in 2 cases, and in 2 others the wall of the gall- 
bladder was thickened In our case m which the gallbladder had 
ruptured, the fundus was tom away, and what remained of the wall of 
the viscus was continuous with a large encysted area walled m by dense 
adhesions to the posterior surface of the liver, the anterior wall of the 
colon and portions of the pancreas and the duodenum A considerable 
quantity of dark green granular fluid was contained in the cyst, with 
little bile remaining in the intrahepatic biliary passages The pancreas, 
aside from neoplastic infiltration in 4 cases, showed relatively little 
change There was slight pancreatic fibrosis in 4 cases and areas of fat 
necrosis in another Obstruction of the pancreatic ducts was not 
described in any case in this senes 

Peritoneal effusions occurred in 6 cases, the fluid being icteric in 
4 and hemorrhagic m 2, m 1 of which the effusion followed laparotomy 
A total of approximately 30 liters of icteric fluid was drained off by 
paracentesis on three occasions from a patient with continuous jaundice 
of eight month's duration Pencholecystic adhesions were present in 
7 cases (to the primary tumor, the duodenum, the stomach, the colon, 
the inferior and postenor surfaces of the liver and the anterior abdominal 
wall ) 

HISTOLOGIC PICTURE 

The tumors in all but 1 of the cases in this series were glandular 
carcinomas, the exception being a squamous cell carcinoma (Cabot, 
case 16261) In 1 case carcinoma simplex was designated Acim were 
present m the remainder and tended to uniformity in size, although 
some were anastomotic, with papillary’’ spurs in 1 instance Many 
at\pical cells grew m the form of clumps or strands The cells were 
csbtntiallv c\lindric, columnar or cuboidal but varied considerably in 
buc, shape and staining in many cases, pleomorphism being a marked 
itaiurc ill 3 Alitotic figures were obser\ed in a single case, and multiple 
nuclei Were noted in 2 others The cells were generally well preserved, 
and Intle necrosis was CMdcnt There w^as usually an abundant stroma, 
which was sparse in onl\ a single instance 

Tile zone of malignant transformation as described in a few cases 
consi'^tcd of ai\j)ical epithelial cells sc\eral ]a\ers thick, eventuating in 
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the cle\elopiii(.nt of granular papilloniatoui) formations or a solitar\ 
exciescnce on the surface of tlic common duct Chapjxit stated that the 
cancer in his case arose Irom the depths of the mucosa m the form ot 
large alveoli which gieu toward the lumen ot the duct, the other layer-* 
ot the duct w'cre nuaded with comparatnch lew c)lmdricocuboidal new 
formations ni the submucosa De\ic and Galla\ardin’s case illustrates 
a tendency tor the neoplasm to remain localucd to the duct, which was 
thickened, ulceiated and lined b\ epithelial \egetations sharply sepa- 
rated, howe\er, from the underlying pancreas by a thick band ot 
connectne tissue 

CLUMCVL FLVTLRES 


The clinical features of carcinoma of the extrahepatic bile ducts are 
based on a consideration of 104 cases, as follows 35 cases of tumor 
primary in the hepatic duct , 48 of tumor priinar} at the confluence of 
the hepatic, c}Stic and common bile ducts, and 21 ot tumor primary m 
the common bile duct Since the s\mptoms and physical findings did 
not vary significantly with the point ot mcolvement, this phase of the 
study is dealt wuth under one heading Any clinical deviations dependent 
on the situation of the neoplasm as outlined in the section on morbid 
anatomy are indicated 


Onset — The onset w'as acute in 92 cases and gradual in 12 The 
symptoms occurring with the acute onset w'ere jaundice (51 cases), p^ni 
(37 cases), pruritus (15 cases), loss of weight and strength (13 cases), 
vomiting (11 cases), anorexia (10 cases), fever (9 cases), diarrhea ( 
cases), constipation (6 cases), nausea (5 cases) and (infrequent yj 
chills, a sense of weight or pressure m the abdomen, flatulency an 
belching Symptoms occurring after the onset were loss of weight an 
strength (48 cases), jaundice (41 cases), pruntus (19 cases), fo'^^ 
(13 cases), anorexia (12 cases), diarrhea (12 cases), pain (10 cases), 
constipation (9 cases), abdominal distention (5 cases), nausea (5 cases), 
vomiting (4 cases) and (infrequently) chills, a sense of weight or 


pressure m the abdomen, flatulency and belching 

Symptoms coinciding with the gradual onset were anorexia (6 casesp 
loss of weight and strength (5 cases), pain (4 cases), a sense of weig 
or pressure m the abdomen (3 cases), indefinite abdominal symptom^ 
(3 cases), diarrhea (3 cases), nausea (2 cases), and vomiting and e\e 
(1 case each) Later symptoms were jaundice (12 cases), vomiting, 
cases), loss of weight and strength (4 cases), pain (4 cases), fever 
cases) and nausea, anorexia, chills and constipation (1 case each) ^ 

A history of an antecedent illness was elicited in 11 cases 
the onset was acute and in 1 case in which it was gradual In t e 
mentioned case long periods of pain and diarrhea antedated the gra 
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onset by two years In the first-inentioiied group, variably brief attacks 
of pain, either single or multiple were noted in 7 cases and preceded 
the onset of the present condition by one to five years Of the remaining 
4 cases, there were distention and discomfort after meals for five years 
m 1, long periods of diarrhea in 1, protracted, alternating diarrhea and 
constipation in 1 and pulmonary tuberculosis of two years' standing in 
the fourth 

Jaundice — This sign was present in all patients at some time during 
the course of the illness Jaundice occurred at the onset in 51 cases and 
later in 53 With carcinoma of the hepatic and common bile ducts 
jaundice occurred equally early and late, but with carcinoma of the 
confluence of the three ducts a majority of patients exhibited jaundice 
later, in about the proportion of 5 to 3 In the group of cases in which 
jaundice occurred later the interval from the first appearance of 
symptoms to the onset of jaundice varied from a few days to eighteen 
months, averaging one and a half to two months except m the group 
with cancer of the hepatic duct, m which the average was about three 
months 

There was a single attack of jaundice in 90 cases, and, although 
variations in intensity occurred in all but 10 of these, an icteric tint was 
always present unless operation was resorted to In Bret and Dufourt's 
case icterus was present without appreciable variation in intensity for 
eleven months The duration of jaundice in 83 of the 90 cases varied 
from a few days to twenty-three months, averaging about three and 
one-Iialf months Jaundice was present for less than a month in 13 
cases, for one month in 14, for two months in 13, for three months in 
8, for four months m 11 for five months in 6 for six to twelve months 
in 17 and for twenty -three months m 1 There were two attacks of 
jaundiee in 5 cases, and in the remainder the number of attacks was not 
stated In the group with multiple attacks the duration of jaundice 
V tried Irom a few days to five months, and the inter\al between attacks, 
from one wxek to one month The sum of the duration of each indnidual 
attack of jaundice plus the interval between in 9 cases of this group 
\ancd from four to eighteen months gnmg an a\erage total duration 
of eight and one-half months 

J lundice occurred as the sole sign in 13 cases and m association with 
loss of weight and strength onh m 14, with diarrhea onU in 4, and 
with fe\er onh in 1 The relation of jaundice to the other commonh 
oeeurnng s\mptoms is of interest Jaundiee was preceded 1)\ pain in 
>2 e ises niusea or \omiting or both in 16 l)\ anorexia in 14 In 
kiss of weigln and strength m 10 and b\ fe\er sometimes with chills 
m ^ jauiuhee occurred snmiltaneoiisK with ])am m 10 ca'^es with loss 
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of weight and strength in 8, with nausea or ^omltlng or both m 5, with 
fever in 5 and with anorexia in 5 The appearance of jaundice was 
followed by loss of weight and strength in 52 cases, by fever in 17, by 
anorexia m 9, by pain in 13 and by nausea or vomiting or both in 6 

Pam — Pam was present in 55 cases, absent m 24 and not mentioned 
in the remainder It occurred with the onset of the condition in 41 
cases and later in 14 Pam was localized m the epigastrium or the right 
side of the hypochondnum or both m 36 cases, and m the back or the 
Imnbar region m2, m 1 case each it was present diffusely over the 
abdomen, in the left side of the abdomen and m the right flank Pam 
radiated to the back m 5 cases, to the shoulders or the midscapular 
region m 3 and down both arms m 1 In another case, pain commenced 
m the left shoulder and radiated to the niidthorax, the left side of the 
hypochondnum, the epigastrium and finally the right side of the hypo- 
chondnum Pam was described as severe m 14 cases, colicky or cramp- 
like m 5, dull m 8 and vague m 3 It was intermittent m 24 cases and 
unremitting terminally m 5 A relation between food and pain existed 
in only 5 cases , of these, pain, heaviness or a sensation of pressure 
followed ingestion of food in all, continuing all night m 1 Nocturnal 
pain was a feature in an additional case In another case a sensation 
of pressure m the epigastrium before meals became accentuated after 
eating 

Nausea and Vomiting — Vomiting was present m 23 cases, absent m 
25 and not mentioned m the remainder Vomiting occurred with the 
onset m 12 cases and later in 11 Nausea was complained of m 4 cases 
m which vomiting was not a symptom Vomiting was intermittent and 
was never a distressing symptom It was related to food in only 1 case, 
in which it sometimes followed ingestion of coarse food 

Examination of aspirated gastric contents was made in 9 cases, m 
1 of which the material was reported as normal In the others free 
hydrochloric acid was absent in 6 cases, reported as 13 in one and not 
mentioned in another The total acidity in 6 cases varied from 10 to 
31, with an average of 19 Lactic acid was present in 4 cases and 
absent in 2 Occult blood was present in 1 case Duodenal drainage 
was performed in 5 cases In Pangaro’s case of carcinoma of the 
common bde duct without involvement of the duct of Wirsung, the 
duodenal fluid was clear and acid and contained bile but no pancreabc 
ferments In Romano and Rey's case, in which bilirubin and pancreatic 
ferments were not found, autopsy revealed a carcinoma of the confluence 
of the bile ducts, but no mention was made of the pancreatic ducts 1^ 
Perez Fontana, Anastasia and Castro’s case of carcinoma of the hepabc 
duct, repeated duodenal drainages were perfoimed, and the fluid obtain 
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was always colorless In Quenu and Gasne's case of carcinoma of the 
confluence of the bile ducts, the duodenal fluid on two occasions was 
slightly alkaline and contained bile pigments and a few pus cells but no 
blood In our case 6, bile was absent from the duodenal contents 

Diarrhea and Constipation — Diarrhea occurred early m 10 cases 
and late m 12, while constipation occurred early in 6 and late in 9 
Alternating diarrhea and constipation were manifested in 3 cases 

The stools were colorless, gray or clay colored m 56 cases, light 
brown m 1, slightly bile stained in another and not described m the 
remainder In 2 cases the stools varied at times from normal to 
colorless Blood was detected in 9 stools examined and absent in 6 
Bile was present intermittently in 3 cases The stools were occasionally 
fetid and contained an excess of fat in 8 cases 

PHYSICAL EXAMINATION 

Abdominal masses representing the primary growth were not 
detected clinically in any case in this series The liver was enlarged 
in 71 cases, m 3 of which it was nodular, it was not enlarged m 8 cases 
The gallbladder was palpable in 27 cases and not palpable in 19 
Abdominal tenderness was elicited in 26 cases, with associated rigidity 
in 3 Abdominal distention developed in 11 cases, usually late, and 
evidences of ascites were recorded in 8 cases The spleen was enlarged 
and tender in 3 cases In 1 case there was palpable enlargement of a 
lymph node in the left supraclavicular fossa 

OTHER LABORATORY DATA 

Studies of the Blood — Studies were made in 26 cases A var}^ing 
grade of anemia was present in 17, the red blood cells varying from 

2.300.000 to 3,850,000 per cubic millimeter in 13 cases, with onl} 

910.000 red cells and a 15 per cent concentration of hemoglobin m 1 
case The values for hemoglobin varied from 15 to 85 per cent m 10 
cases, in 4 of which the color index was high (1 02, 1 05, 1 18 and 1 37) 
In 1 case the red blood cell count and the hemoglobin le\el were normal 
Slight lcukoc}tosis was present in 4 cases, and in 2 the white cell 
counts were 25,000 and 30,000 per cubic millimeter respectnel} The 
bkcding and coagulation times were estimated in 11 cases The bleeding 
tune w^as normal in all , there was prolongation ot the coagulation time 
from twelve to twent\ minutes in 4 cases The \an den Btrgh cstimi- 
tion> on the blood scrum \aned irom 6 4 to 34 mg per hundred cubic 
ecniiniLters in 4 casL*^ with an T\erage ot about 22 mg The icterus* 
index \aricd irom 30 to 1^0 in 6 determinations with 92 as m a\enge 
In 3 patients so c\ammcd tc^ts ot hc[>atic lunction with bromsulphalcin 
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bhowed varying impairment, with 40 to 100 jier cent retention of the 
dye 111 thirty minutes (2 mg dose) Ihe \alue tor blood sugar was 
within normal limits m 11 cases and inereased to 200 mg in 1 case 
Retention of nitrogenous products m the blood occurred in 4 cases 

Urinalysis — During icteric phases the urine was deep amber, green 
or dark brown, and Inle w'as detected in e\ery case m which a test for 
It was performed Albumin m traces w'as detected in 12 cases and 
m large amounts m another '1 he urine contained sugar m 7 cases, 
ill 1 of which the patient w'as treated dail\ wuth intrarenous injections 
of dextrose solution Urobilin w'as present in the urine in 9 cases and 
absent in 3 Casts, red cells, leukocytes and albumin suggested se\ere 
renal impairment m a few cases 

Roentgen E lamination — Roentgen studies were carried out in 22 
cases In 8 cases, a simple flat plate of the abdomen w'as made In 7 
cases, examination of the gastrointestinal tract after a barium sulfate 
meal w'as reported as re\eahng no abnormalit} except du erticulosis of 
the colon m 1 case and cecal stasis m another Positne findings were 
recorded m 6 cases of carcinoma of the confluence of the bile ducts and 
m 1 case of carcinoma of the hepatic duct A brief anahsis of these 
cases follow 


In Cabot’s case 21,122 there were a hernia of the stomach and a 
diverticulum of the duodenal loop m the region of the gallbladder , at 
autopsy, a small tumor 1 cm in length obstructed the common bile 
duct at the orifice of the cystic duct, and the roentgen picture w^as not 
accounted tor by gross examination In Lee and Totten’s case 1 rapid 


emptying of the stomach and duodenum suggested extrinsic irritation, 
at autopsy, a stricture of the common duct extended from 1 5 cm above 
to 0 5 cm below the orifice of the cystic duct In McLaughlin’s case 
2 the roentgenograms were interpreted as indicating malignant disease 
of the stomach , at autopsy, the stomach and duodenum appeared normal, 
but the hepatic and common bile ducts were involved by new growth 
In Kurths’s case, the right half of the diaphragm was immo\able, and 


an extragastric tumor was suggested from the roentgen studies , autopsv 
revealed a nodule the size of a cherry seed obstructing the ducts at the 
confluence In Wahl’s case 5, partial stenosis of the p}Iorus due to 
adhesions to the gallbladder was suggested, but autopsy revealed that 
the stomach and intestines were normal and that there were no adhesions 
about the gallbladder , an indurated mass 2 to 3 cm m length involve^ 
the cystic, common hepatic and common bile ducts In Prat s case 
gaseous dilatation of the intestines and adhesions between the stomac 
and the liver were suggested , at laparotomy however, the stomach an 
intestines showed no visible change and there w'^ere no adhesions 
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instead a firm, nodular, indurated mass at the confluence of the bile 
ducts In our case 3 there was a filling defect of the gastric antrum, 
with irregularity of outline, displacement, fixation and retention 
Autopsy disclosed a soft, white nodule the size of a walnut m the 
hepatic duct, which merged with a larger mass m the liver 

The gallbladder was visualized in 1 case and not visualized in 5 
An enlarged aorta, several large gallstones and a calcareous lymph node 
in the upper part of the abdomen were noted m 1 case each 

DIAGNOSIS 

A correct provisional diagnosis was made clinically in 20 cases m 
which neoplastic obstruction of the bile ducts was suspected In 33 
cases one or more of the following diagnoses were made , carcinoma of 
the head of the pancreas (17 cases) , carcinoma of the stomach (5 
cases) , calculous obstruction of the common bile duct (5 cases) , 
carcinoma of the liver (3 cases) , hypertrophic cirrhosis of the liver (3 
cases), and carcinoma of the duodenum, carcinoma of the gallbladder, 
carcinoma of the colon, carcinoma of the prostate with hepatic metastases 
obstructive jaundice due to malignant tumor, obstructive jaundice of 
undetermined origin, hemochromatosis, cholecystitis, angiochohtis and 
obstruction of the common bile duct by a plug of mucus (1 case each) 
A correct surgical diagnosis of carcinoma of the hepatic duct, car- 
cinoma of the confluence of the hepatic, cystic and common bile ducts 
or carcinoma of the common bile duct was made in 18 of 50 cases m 
which celiotomy was done In 6 of these cases the lesion was localized 
m the region of the porta hepatis, or hilus of the liver In 5 cases the 
primary lesion was mistaken for a benign fibrous stricture One of the 
following diagnoses was made in each of 7 cases stone m the hepatic 
duct, stones in the common bile duct, calculous cholecystitis, an indefinite 
mass behind the duodenum obstructing the bile ducts, tumor in the 
region of the pancreas, carcinoma of the papilla of Vater and metastatic 
tumor in the li\er and omentum 

TREATMENT 

The treatment of primary carcinoma of the extrahepatic Iiile ducts 
his been sMuplomatic, palliative or directed toward total eradication 
The operative procedures, surgical results and [nthologic observations 
diher widelv depending on the point of obstruction, hence the tollowing 
^roup analvsis is presented 

Liircinoma oj tJu Hipatu Duct — rourteen patients were treated 
svmptomaticalh onh, and 12 lived for two to twentv -three months alter 
<inscl with an average of eight and eight-tenths months In 2 eases 
iIk iluriiion n| iIIulss was not recorded 
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Celiotomy was pertormed m 21 cases, and the operatne procedures 
and results are indicated in table 1 A summar} of the surgical 
pathologic features ot these cases follows A lesion in the region of 


Table 1 — Results ui Cases of Carcnionia of tiu Hepatic Ducts in 
llHiuli Operation IFas Perfoniud 


Year Author 


Oiwrutlon 


Result 


1S03 Hesper, case 2 


1S93 Schuchurdt 


1902 Ingclrans 
1904 Porot 

1906 Houssin 

1907 Xrapointe, Rajmond 

and Merle 

1903 Adlercrcutz 

1910 Gutowitz 
1918 PetnSn Case 14 

Case 10 

1924 Wahl, case 4 

1931 Bosco 

1932 MlUes and Koucky 


1932 David Case 1 


Case 2 


1933 McDaughlln, case 4 

1934 Lampert and Me 

Petrldge 

1934 P4rez Fontana, An 

astasia and Castro, 
case 1 

1935 Hess and Faltitschek, 

case 2 

1936 Walters and Olson 


1939 Stewart, Lleber and 
Morgan 


0/23/92 exploratory 
operation 
0/30/92 chokcjstos 
toiuj 

G/G/9S exploratorj 
operation 
7/0/9^ choledochot 
omi 

Chokcistottomy 
Evpioratorj 
operation 
Choicer stostoruy 
Exploratory 
operation 

Drafnage of hepatic 
duct 

Chokcjstictoniy 
Druluugo of hepatic 
duct 

Cholecystectomy 
Exploratory 
operation 
Exploratory 
operation 
Dilatation of stric 
ture, renio\ al of 
biopby specimen, he 
paticodudenostomy 
Cholecystectomy , 
drainage of 
hepatic duct 
7/?/^ cholccystec 
tomy, choledo 
chostomy 2/7/29 
Cholecystogastros 
tomy 

Cholecystostomy 


Patknt died 3 days after first operation 

Patient died 0 days after second operation 

Patient died 2 months after first operation 

Patient dkd i month after second operation 

Patient died 19 days after operation 
Patient died 7 days after operation 

Patient died 20 days after operation 
Patient died 2 days after operation 

Patient died several hours after operation 

Patient died 0 days after operation 
Patient died 1 month after operation 

Patient died 1 day after operation 
Patient died 1 day after operation 

Patient died several hours after operation 

Patient died 4 day^a after operation 


Patient died S days after operation 


Patient died S months after first 
patient died 39 days after second operation 

Patient died 9 days after operation, uremia, 
hemorrhage 

Patient died 14 days after operation 


Cholecystoenter Patient died 5 days after operation 
ostomy 


Exploratory Patient died 1 day after operation 

operation 

Excision, biopsy, Patient living 4^ months after first opera 
Insertion of 10 mg tion 

radium of 14 hours 

One month later, Patient living 3^ months after second 
excision of operation 

metastatic tumor 
on back 

Cholecystostomy Patient died 1 day after operation 


the biliary ducts was detected by external palpation in 16 cases The 
process was interpreted as a chronic inflammatory stricture in 3 of these 
cases and as an indurated lymph node in 2 , in 5 cases, the local indurated 
lesion was thought to be an embedded stone, but in each of these incision 
of the bile ducts revealed the neoplastic process In 6 remaining cases 
the tumor w'as unrecognized until autopsy was performed The surgica 
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pathologic picture of these cases is interesting The primary growths 
were all localized and small, ranging from the size of a pea to that of 
a walnut Metastases in the regional lymph nodes were present in 3 
cases Pentoneal effusions of icteric fluid occurred in 3 cases and of 
bloody fluid in 1 The hver was usually enlarged and jaundiced The 
gallbladder was distended in 5 cases, with white bile m 1 and blood- 
stamed fluid m another, it was normal m size or not distended in 4 
cases, being filled with thick mucopurulent material in 2 and thin ictenc 
fluid in another The gallbladder was collapsed and empty m 4 cases 
and contracted in 3, m 1 of which it embraced a large stone, another 
was adherent to the duodenum No mention of the size of the gall- 
bladder was made m the other cases, although calculi were present in 
2 of these, in 1 of which stones were also present in the cystic duct 
Variability in size of the gallbladder m this group of cancers of the 
hepatic duct requires emphasis and is to be contrasted with the picture 
in cases of carcinomatous obstruction at or below the terminal orifice of 
the cystic duct In these cases cholecystic distention regularly takes 
place unless the gallbladder was previously diseased 

The clinical state of the patient after operation was commented on 
in only S cases In Schuchardt's case, exploratory celiotomy was first 
performed, followed by choledochotomy a month later, jaundice 
remained as intense as before, and pam contmued unabated, although 
the feces regained a slightly brown color In Petren’s case 14, drainage 
of the hepatic duct was followed several days later by bile staining of 
the secretions, and bile appeared m the feces eighteen days later In 
David's case 2 , after cholecystectomy and drainage of the common bile 
duct, jaundice gradually declined but reappeared, associated with pain, 
SIX months later, at which time the hepatic duct was found obstructed 
by a firm, fibrous thickening the size of the tip of the thumb In 
Lamport and McFetndge's case, a cholecystostomy was performed two 
weeks before death, which, of course, did not relieve the bile stasis, as 
this was due to obstruction higher in the hepatic duct, and therefore 
jaundice failed to abate In McLaughlin's case 4, cholecystogastrostomy 
was performed The patient became practically anuric on the eighth day, 
the little urine obtained showing a cloud of albumin and large granular 
casts Chemical examination of the blood showed the value for urea 
nitrogen to be 80 mg and that for creatinine to be 2 45 mg per hundred 
cubic centimeters , these values rose to 97 mg and 3 06 mg respectively 
on the following day The patient died on the tenth postoperative day, 
after passing dark blood by bowel and vomiting 1,000 cc of dark blood 
Ihis case is probably illustratne of the hepatorenal syndrome, which 
m certain instances, at least, appears to ha\e a morphologic basis 
(Licber and Steuart) Tlie liver m this case showed diffuse fibrosis and 
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extreme acute degeneration also resembling that described by us for 
patients subjected to surgical procedures on the gallbladder (Stewart 
and Lieber) 


There was an ultimate mortality rate of 100 per cent in this series 
of carcinoma of the hepatic ducts The total survival period from onset 
to death varied from one week to twelve months, averaging six and 
forty-eight hundredths months 1 he average postoperative survival 
period was nine-tenths month Fourteen patients died during the first 
fourteen postoperative days, and 1 each on the nineteenth and twentieth 
da 3 fs The exact postoperative duration of survival was not recorded 
in 1 case, m which, however, there were extensive metastases one month 
after operation Survival periods of one, two and eight months 
respectively were recorded in each of 3 cases, and m another, despite 
metastases, the patient was still alive four and a half months after 
operation Of the 21 cases just enumerated. 2 deserve special mention 
David’s case 2 is of interest because ot an eight month period of post- 
operative survival At the first cehotom}^ although no lesion was 
encountered, the gallbladder was removed and the common bile duct 
drained, and these operations, curiously enough, were attended by disap- 
pearance of jaundice With recurrence of s^miptoms, a second celiotomy 
was performed seven months later, at which time an obstruction was 
found m the hepatic duct Again the common bile duct was simply 
drained The patient died five weeks later, eight months after the first 
operation Obviously the operative procedures instituted in this case 
can be considered as having had little or nothing to do with disappear- 
ance of symptoms or with prolonging the life of the patient Spontaneous 
regression of symptoms occurs sometimes in patients with cancer of the 
bile duct who are not subjected to surgical procedures Certainly 
nothing effective was done in the case just cited to relieve the obstruction 


causing jaundice The disappearance of jaundice under these circum- 
stances must, therefore, be regarded as purely coincidental Walters 
and Olson’s case is particularly interesting, for it was the only one m 
which complete eradication of the neoplasm was attempted At celiotomy 
in their case the common bile duct was found dilated and filled with 


masses of mucoid material, which were removed In the region of t le 
bifurcation of the hepatic duct a papillary lesion was located, with a 
pedicle about 1 5 cm in diameter This soft tumor was broken up, only 
a small portion of pedicle being left attached to the wall of the duct 
Two radium needles (5 mg each) were then placed in the duct for 
fourteen hours, after which the common duct was closed over a T tube 


One month later, a mass 7 by 5 cm presented itself posteriorly between 
the ninth and eleventh ribs This gradually increased in size, and a^ 
the end of three weeks it was incised and drained, yielding a pmt o 
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gelatinous material The mass recurred, and still another nodule, 3 cm 
m diameter, appeared m the abdominal wall The patient was last seen 
four and a half months after the first operation, and no record of his 
subsequent fate was available 

A comparison of the average total survival periods of the surgically 
treated patients (six and forty-eight hundredths months) and those 
treated medically (eight and eight- tenths months) gives the latter a 
slightly more favorable margin The high immediate postoperative 
mortality rate, amounting to about 76 per cent, is largely responsible 
for this difference Thus the increase in life expectancy which was 
accomplished m a few instances by surgical methods is completely nulli- 
fied by the high immediate postoperative mortality The favorable 
results obtained m a few instances, however, encourage early diag- 
nosis, early operation and more detailed study of cases The tumors 
are small, and slowly growing and metastasize late When they are 
situated low in the common hepatic duct, excision with reestablish- 
ment of biliary flow may be feasible A tumor at the upper end of the 
common hepatic duct frequently involves one or both branches of the 
duct, sometimes with direct spread into the liver and the nearby struc- 
tures The difficulties of instituting any sort of effective treatment 
under these circumstances can readily be appreciated 

Carcinoma of the Confluence of the Ducts — ^Twenty-seven patients 
were treated medically, and 26 of these lived for from one to eight 
months after onset, averaging four and six-tenths months , in the other 
case the duration of survival was not stated 

Celiotomy was performed on 21 patients, and the operative pro- 
cedures and results are indicated in table 2 A consideration of the 
surgical pathologic picture in these cases follows The primary neo- 
plasm was correctly detected by direct palpation through the open 
abdomen in most instances , m 2, however, a localized growth was mis- 
taken for a biliary calculus, and in another a more diffuse lesion was 
regarded as a benign fibrous stricture The primary neoplasm varied 
m size from that of a cherry to that of a hazelnut Metastases were 
encountered m only 2 cases The liver was regularly enlarged and 
jaundiced The gallbladder was frequently distended with clear, color- 
less fluid However, it was small and thin walled in 4 cases and 
atrophied and thickened m another , m the last-mentioned case it con- 
tained many stones and a small quantity of purulent fluid Gallstones 
were present in the gallbladder in 3 cases and in the cystic duct in 1 
The hepatic ducts proximal to the obstructing neoplasm were dilated 
freqiieiuK with clear, colorless fluid 

1 here was an ultimate mortaht} rate of 100 per cent in this group 
Ihirteeii patients died during the first fourteen postoperatne da}s, and 
1 died one and one-halt months after operation Seven patients how- 
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ever, survived for three, four, six, eleven, twelve, seventeen and twenty- 
seven months respectively, averaging" about eleven and five-tenths 
months after operation Their cases deserve individual mention At 

Table 2 — Results vi Cases of Carcinoma of the Confluence of the Hepatic, 
Cystic and Common Bile Ducts in Which Operation ivas Performed 


Tear Author 


Operation 


Hcsult 


1890 Brenner, case 1 


1901 Lecdne and Pagniez, 

case 1 

1902 UliszewskI, case 2 

1902 MIodowskI case 0 

1903 Kehr 

1904 Donatl 

1905 Weber and Michels 

1908 Borellus, case 1 

1911 SpindJer 

1912 Lamerls 


1921 Pallln, case 4 

1923 Prat case 2 

1928 Vander Veer and 
Nelius 
1928 Pllverifi 
1029 Oarnot 

1931 Mon dor 

1983 McLaughlin, case 3 

1034 Lee and Totten, 
case 1 


1935 Romano and Rey, 

easel 

1936 Qu6nu and Gasne 

1937 Cabot, case 22492 


S/24/93 partial 
cholecjstectomy, 
cholccystostomy 
9/30/93 cholecysto 
enterostomy 
ll/?/9S cholcdocho 
enterostomy 
Exploratory 
operation 
Cholccystostomy 


Patient died 3 months after first operation 


Patient died iVfj months after second opera 
tlon 

Patient died ? months after third operation 

Patient died 1 day after operation 

Patient died 9 days after operation hemor 
rhage 

Patient died 7 days after operation 


Cholecystoentcr 
ostomy 

Resection, chole 
cystectomy hepatl 
coduodenostomy 
Chokcjstostomy 
10/7/04 exploratory 
operation 

12/13/04 Intrahepatic Patient died 2 months after second opera 
tlon 

Patient died 4 days after operation 


Patient died 27 months after operation 

Patient died 1% months after operation 
Patient died 4% months after operation 


cholanglostomy 
Exploratory 
operation 
Resection, chole* 
cystectomy, recon 
struction of common 
and hepatic ducts 
11/23/07 resection 
cholecystectomy , 
drainage of 
hepatic duct 
8/27/08 resection of 
recurrent lesion, 
partial excision of 
liver, drainage of 
hepatic duct 
Resection, hepatlco- 
duodenostomy 
Resection, hepatico* 
duodenostomy 
Oholecystostomy 


Patient died 7 days after operation 

t 

Patient died 17 months after first operation 
Patient died 8 months ofter second operation 

Patient died 11 months after operation 
Patient died several hours after operation 
Patient died 4 days after operation 


Resection 
Cfholedochotomy , 
biopsy 

HepatJeogastros 

tomy 

Exploratory 
operation 
Dilatation of stric 
ture and catheter 
inserted to restore 
lumen of hepatic 
and common 
bile ducts 
Oholecystostomy 


Patient died 10 days after operation 
Patient died 3 days after operation 

Patient died 6 months after operation 

Patient died 5 days after operation 

Patient died 7 days after operation hemor 
rhage 


Patient died ? days after operation 


Resection, hepatico 
duodenostomy 
Removal of biopsy 
specimen 


Patient died 12 months after oneratlon 
Patient died 4 days after operation 


celiotomy in Kefir’s case a round, fiard fiazelnut-sized tumor ivas 
palpated at tfie bifurcation of tlie cystic and fiepatic ducts, and a ston^ 
of about equal size was embedded m the cystic duct The gallb a 
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the cystic duct, 1 5 cm of the proximal portion of the common bile duct 
and 2 cm of the lower portion of the common hepatic duct were excised, 
and the stump of the last-mentioned structure was then implanted into 
the duodenum No notes as to the immediate subsequent clinical course 
of the patient were recorded, but death twenty-seven months later was 
attributed to abscesses of the liver At the first celiotomy m Lamens’ 
case, a walnut-sized tumor at the confluence of the ducts was excised, 
and a cholecystectomy was performed, together with drainage of the 
hepatic duct The symptoms gradually disappeared, and the patient 
regained his previous good health for nine months, after which, at the 
second celiotomy, a recurrent tumor the size of a hen’s egg was found 
partly in the liver and partly in the hepatoduodenal ligament To 
remove the tumor it was necessary to excise a portion (6 by 2 5 cm ) 
of the right lobe of the liver The jejunum was brought up and 
anastomosed to the hepatic wound, and a dram was inserted into the 
remnant of the hepatic duct The patient was again free from symptoms 
for about five and one-half months and then complained of loss of weight 
and slight fever and died seventeen months after the first operation, eight 
months after the second operation At autopsy there were metastases 
and numerous abscesses in both lobes of the liver The jejunum when 
opened showed ten small openings on the mucosa, from which a rather 
large quantity of greenish yellow bile was expressed by applying pres- 
sure to the liver Microscopically these openings proved to be newly 
formed biliary ducts from the liver which were functioning satisfactorily 
eight months after hepatointestmal anastomosis In Quenu and Gasne’s 
case, a hazelnut-sized tumor at the confluence of the ducts was excised, 
and the hepatic duct was implanted in the duodenum The feces acquired 
bile staining in twenty days, and icterus finally disappeared completely 
No further record of the patient’s condition was made until death, twelve 
months after celiotomy, and unfortunately no autopsy was performed 
In Pallin’s case a tumor 2 cm long at the confluence of the ducts was 
excised, and the stump of the hepatic duct was anastomosed to the 
duodenum The patient remained in good health for nine months , then 
epigastric pain developed, together with recurrent chills and fever, 
followed by increasing jaundice Death occurred eleven months after 
celiotomy, and autopsy revealed suppurative cholangitis with multiple 
hepatic abscesses Since no remains of the cancer were detected at 
autopsy, this patient might be regarded as potentially cured of the 
neoplasm, although death was due to its secondary effects However 
tlie survival period of nine months w^as too short to make this a con- 
clusnc cure of cancer Celiotomy m Islondor’s case revealed an oluc- 
sizcd mass at the confluence of the ducts, and the hepatic duct was 
anastomosed to the stomach Vll symptoms graduallv disappeared 
coincidentalh with a gam of 10 Kg in weight m fi\e months The 
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patient then had increabing icterus, inteiinittent fever and digestive 
disturbances and died six months after surgical therapy was instituted 
Autopsy showed that the stoma of the previous anastomosis was perme- 
able but that the mtrahepatic biliary ducts were filled with pus It may 
be noted as indicating the slow progress of the disease that the tumor 
was not appieciably larger at this time than at first inspection and 
preserved the same general contour In Weber and Michels' case, 
celiotomy on two occasions within two months failed to reveal the cause 
for jaundice which had persisted for three months At the second 
operation a hole 3 cm deep was bored into the liver by an electrocautery, 
and a drainage tube was placed wnthm it Jaundice gradually dis- 
appeared, and there was a gam m w^eight, although occasional vomiting 
occurred A month and a halt later iriegular tever, edema and slight 
purpura of the legs developed, wdiich terminated fatally w'lthm two weeks 
Autopsy showed that biliary obstruction was due to an infiltrating tumor 
confined to the confluence of the bile ducts The fistulous opening 
produced at the second operation communicated wnth one of the intra- 
hepatic biliary ducts Tuberculous foci w^ere widely disturbed m the 
lungs, the spleen, the peritoneum, the omentum and the lymph nodes 
at the hilus of the liver In Brenner’s case a cherry-sized tumor was 
palpated near the duodenum Seventy-three gallstones w^ere removed 


from the gallbladder, a portion of wdiich was excised, and a dram was 
inserted At the second celiotomy, one and a halt months later an 
abscess lying between the gallbladder and the liver was evacuated, and 
a cholecystoenterostomy w^as established At the third celiotomy the 
cholecystoenterostomy was separated, and the dilated bile duct was 
implanted into the previous opening m the intestine Death follow'cd 
three months after the first operation, and autopsy revealed fibnnous 


peritonitis and metastases in the liver and regional lymph nodes 

These cases illustrate a number of interesting facts Although no 
cure was effected by surgical therapy, the condition is not entirely hope- 
less Any operation designed foi drainage of the distended biliary tract 
by utilization of the extrahepatic biliary ducts below the highest point 
of the neoplasm would of course be ineffective in obviating bile stasis 
The higher the neoplasm extends toward the liver, the more diffim t 
surgical drainage becomes In this connection, the procedures o 
anastomosing the jejunum to the incised liver as in Lameris’ case an 
of puncturing the liver and draining the mtrahepatic biliary ducts as in 
Weber and Michels’ case are no doubt justifiable on occasion Of the 
patients who survived tour months or longer after operation, death was 
apparently due to ascending biliary tract infection m 5 , no information 
on this feature was available in Quenu and Gasne’s case, for no autops) 
was performed The case of Lameris and that of Mondor also se^e ^ 
emphasize the slow growth of these neoplasms, for in the latter no c ran 
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in size was detected after an interval of six months, and in the former 
the neoplasm increased only from the size of a walnut to that of a hen's 
egg during nine months Metastases were noted in Brenner's case five 
months after the onset and (incidentally) in Borehus' case six months 
after onset 

Generally speaking, then, symptoms appear early, the neoplasm is 
slow growing and metastases occur late The gravest concern is the 
high immediate postoperative mortality (66 6 per cent) Of significance 
is the fact that these patients were ill for about four months on the 
average before operation as contrasted with two months for those 
patients who survived for three months or longer after operation Early 


Table 3 — Results in Cases of Cat cinouia of the Common- Bile Duct in 
Which Operation Was Performed 


Year Author Operation 


Result 


1806 GrllTon and Dartiquca 
1902 UHsicwslti case 1 


1003 Borellus, case 2 
1000 ilorian, case 4 
1917 Pctr6n, case 20 
Case 22 

lOU) Shapiro and Llhcn 
dahl case 10 
1035 Demel 


Oholecystostomy Patient died 7 dajs after operation 

Heaectlon of gall Patient died 3 days alter operation 

bladder cystic 
duct and common 
bile duct drainage 
of hepatic duct 

Exploratory Patient died 2 days after operation 

operation 

Resection chole- Patient living and well 10 months after 
cyatoduodenostomy operation 

Cholecystoenter Patient died 2 days after operation 

ostomy hemorrhage 

Cholecystectomy Patient died se\eral hours after operation 
drainage of 
hepatic duct 

Cholecjstostomy Patient died 7 days after operation hem 
orrhuge 

Resection subsorous Patient died 7 months after operation 
cholecjstcctomy 
hepatlcoduodenostomy 
anastomosis of cut 
ends of ducts 


diagnosis and early operation while the patient’s condition is not yet 
critical >ield vastly more satisfactory results, according to these figures 
Mthoiigh the surgeon has a limited field in which to work, in a number 
of the cases cited resection ot the primary neoplasm follow ed b} reestab- 
lishment of biliary flow by implantation of the hepatic duct into the 
gastrointestinal tract was satisfactoril} accomplished There was an 
immcdnte surgical mortality ot 66 6 per cent The total sur\u\ al period 
rrom the onset to death m the surgically treated group averaged se\en 
and sixteen hundredths months as compared with four and six-tenths 
months for the patients treated medically onl) 

Carcuioiua of the Cojiunon Bile Duct — Tliirteen patients were 
Ire ited medically only and li\ed from one to ele\en months alter onset, 
a\eraging four and four-tenths months 

'surgical therap\ was instituted in 8 cases ind the operative pro- 
ee‘<lures and results are indicated in table 3 The pnmarv iieoj)Ia>m wa> 
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detected by external palpation of the ducts at celiotomy in 4 cases and 
by attempting to pass a sound into the duct, which was obstructed in 
1 case, m 3 cases the tumor was missed The palpable growths vaned 
from the size ot a pea to that of a walnut , in 2 cases, metastatic deposits 
were present m the regional lymph nodes The gallbladder was dis- 
tended in 6 cases, containing clear, colorless fluid m 4 and tarlike fluid 
and stones m 1 each , no mention of this viscus was made m 2 cases 
No reference was made m any case to the general state of the patient 
during the postoperative period Six patients died during the first seven 
postoperative days The 2 patients who survived the immediate effects 
of operation are to be cited At celiotomy m Demel’s case, a pea-sized 
polypoid tumor in the proximal portion of the common bile duct was 
excised, together with the cystic duct and the gallbladder A rubber 
tube was inserted through the papilla of Vater into the hepatic ducts, 
and severed ducts were anastomosed Five weeks later the rubber tube 
was spontaneously evacuated The patient died seven months after 
operation, but no autopsy was performed In Morian’s case, a tumor 
the size of a hazelnut in the distal part of the common bile duct was 
exased, and the gallbladder was anastomosed to the duodenum The 
patient was still alive ten months after operation, although no “interim 
notes” were available The duration of the disease from onset to death 
for the surgically treated patients averaged about two and two-tenths 
months in contrast to an average of four and four-tenths months fo'" 
the patients treated medically only 


SUMMARY AND CONCLUSIONS 

A clinical and pathologic study of carcinoma of the extrahepatic bile 
ducts IS presented, based on 6 new cases and 98 cases satisfactorily 
reported in the literature, references to 211 additional cases reported 
under this title in the literature are listed 

One case was found in a series of 3,528 autopsies (0028 per cent) 
and 5 cases m a series of 22,152 autopsies (0 022 per cent) 

The average age was 59 3 years Seventy-three patients were men, 
and 31 were women In 3 cases, carcinoma of the hepatic duct occurred 
in comparatively young persons, aged respectively 29, 31 and 32 years 
The onset was acute in 88 5 per cent of cases and gradual in 1 1 5 per 
cent The principal symptoms and signs, irrespective of the mode o 
onset, were jaundice, loss of weight and strength, pain, pruritus, 
anorexia, fever, vomiting, diarrhea, constipation and nausea Other, less 
common symptoms were abdominal distention, chiUs, a sense of weig 
or pressure in the abdomen, flatulency and belching Jaundice occur re 
in every case and pain in 52 9 per cent, and the two were associa e 
at the onset in about 10 per cent With carcinoma of the hepatic an 
common bile ducts, jaundice occurred equally early and late in the con 
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dition, but with carcinoma of the confluence of the three ducts a majority 
of patients exhibited jaundice later, m about the proportion of 5 to 3 
Fever, sometimes with chills, occurred in 26 per cent of cases, usually 
late In no instance was a mass in the region of the primary tumor 
clinically palpable The liver was palpably enlarged in 68 per cent of 
cases and the gallbladder in 26 per cent A varying grade of anemia 
was the rule m the few cases in which the blood was examined The 
gastric contents were examined in 9 cases and showed absence of free 
hydrochloric acid m 6 instances and the presence of lactic acid m 4, bile 
in 2 and blood in 1 The stools were usually clay colored or colorless, 
they were occasionally fetid, and they contained an excess of fat in 7 
cases, blood was detected in 9 of 15 stools tested 

A correct provisional preoperative chnical diagnosis was made in 
about 20 per cent of cases A correct surgical diagnosis was made m 36 
per cent of cases in which celiotomy was done Roentgen studies were 
of no direct value as an aid m clinical diagnosis 

The primary neoplasm in the group of cases of carcinoma of the 
hepatic duct (35 cases) formed a local tumor in 75 per cent The 
growth averaged 2 cm in diameter and consisted usually of an annular, 
constricting, grayish white lesion, with ulceration m 4 cases A diffuse 
growth was present m 25 per cent of c^lses, with additional character- 
istics of widespread involvement and a tendency to extend into the liver 
in a wedge-shaped manner Extension or metastases occurred m 48 5 
per cent of cases, to the liver, lymph nodes, pancreas, gastrohepatic 
ligament and mediastinum All the neoplasms were adenocarcmomas 
In 1 case in this group there were multiple white infarcts of the liver, 
an extremely rare finding in the presence of biliary stasis in human 
beings Variability in the size of tlie gallbladder in the group with 
carcinoma of the hepatic duct is to be contrasted with the findings in 
cases of carcinomatous obstruction at or below the terminal onfice of 
the cystic duct Under the latter circumstances cholecystic distention 
regularly takes place unless the gallbladder has been previously thickened 
and atrophied by disease 

The neoplasms m the group with carcinoma of the confluence of the 
extrahepatic bile ducts (48 cases) formed a local tumor growth m 56 3 
per cent of cases and a diffuse growth in 43 7 per cent The local 
tumors were usually of the size of a hazelnut and formed either a single 
clc\atcd projection above the mucous surface or an annular, constricting, 
gra}, firm cartilaginous lesion The diffuse type of neoplastic involve- 
ment was more extensne and appeared gra) or uhite and fibrous or 
cartihginous Extension or metastases occurred in 45 S ptr cent of 
cases, to the li\cr, lymph nodes, gallbladder, lung peritoneum, pancreas, 
ktdne\ and spleen Ml the neoplasms were glandular carcinoma^ 
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The neoplasms in the group with carcinoma of the common bile 
duct (21 cases) formed a local tumor growth in 57 per cent of cases 
and a diffuse growth in 43 per cent The local tumors varied m sue 
from a few millimeters to the size of a walnut and were soft, gray 
or white, with a granular or papillary surface The diffuse growths 
were firm, stenosing, granular and vegetating on the surface Exten- 
sion or metastases occurred in 52 3 per cent of cases, to the liver, 
lymph nodes, lungs and gallbladder The neoplasms were glandular 
carcinomas, with 1 exception, which was a squamous cell carcinoma 

The well known law for localization of cancer of the bile ducts at 
points of narrowing of the stream bed seems valid Gallstones occurred 
in 20 2 per cent of cases 

An indubitably proved case of primary carcinoma of the cystic duct 
has not been found reported in the literature 

Surgical therapy was instituted in 50 cases There was an ultimate 
mortality rate of 98 per cent, the fate of 1 patient remaining unrecorded 
Included in this mortality rate figure is another case (Palhn) in which 
there was an eleven month postoperative survival period and m which 
no cancer could be demonstrated at autopsy The immediate post- 
operative mortality rate was 68 per cent Three patients with carcinoma 
of the hepatic duct survived for an average of three and six-tenths 
months after operation, and another was still living at the end of four 
and five- tenths months The average total survival period for the 21 
patients treated surgicall}'^ m this group was six and forty-eight 
hundredths months as compared with eight and eight-tenths months 
for 12 of the 14 patients treated medically only Seven patients 
with carcinoma of the confluence of the extrahepatic bile ducts survived 
for an average of eleven and five-tenths months after operation The 
average total survival period for the 21 patients treated surgically in 
this group was seven and sixteen hundredths months, as compared with 
four and six-tenths months for 26 of the 27 patients treated medically 
only One patient with carcinoma of the common bile duct survived 
for seven months after operation, and another was still living at the end 
of ten months The average total survival period for 8 patients treated 
surgically m this group was about two and two-tenths months, as 
compared with four and four-tenths months for the 13 treated medically 
only Early diagnosis is essential, and laparotomy performed early, 
when the patient’s general condition is not yet critical, gives appreciably 
better results, according to the figures derived from this study The 
effectiveness of this element is illustrated by the fact that the patients 
with carcinoma of the confluence of the extrahepatic bile ducts who 
succumbed to the immediate effects of operation were ill for an average 
of four months before operation, as contrasted with about two months 
for those patients who sur\nved for three months or longer after 
operation 
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METAPLASIA IN THE BREAST 


ROBERT LEE OLIVER, MD 

SAVANNAH, GA 

A comprehensive examination of the literature has revealed no 
reference to the presence of pavement epithelium of primary origin 
in the mammary gland Numerous reports, however, of metaplasia 
and its associated changes prove its frequency and mclude descrip- 
tions of its occurrence in several organs of the body, among which are 
the nose, frontal sinus, middle ear, lungs, esophagus, stomach, gall- 
bladder, pancreatic duct, renal pelvis, bladder, urethra, uterus an 
ovary It is doubtful that metaplasia has actually been found m many 
of the reported cases, owing to the possibility of epithelium growmg 
over from adjacent lesions of the skin or of the mucous membran 
Naturally, all fistulas warrant suspicion The greatest offenders m e 
production of metaplasia have been reported as chronic inflammatory 
processes 

Consideration of a subject so complex as metaplasia an its ass 
ciated processes demands brief mention of the striking figures m 
literature which is muddled with a confusing terminology to w i 
authors have neglected to add 

Metaplastic processes m which there are simple changes m t e c 
figuration of the cells are commonly known under the nomenclature o 
von Hansemaim and Borst ^ as histologic accommodation or varia 
Other appellations of the same processes are Lubarsch s pseti 
metaplasia, Orth’s ^ allomorphia and Ribbert’s retrogression 

Lubarsch ^ admirably described two processes One is p ys|o 
loss of differentiation through imperfect cell division The o 
pathologic loss of diflferentiation, which leads to destruction o ce 
degeneration and atrophy in fully differentiated tissues e ^ 
these processes dedifferentiation These changes are sum ar to 
of Beneke’s cataplasm and von Hansemann’s anaplasia 

The term metaplasia, by which is meant the substitution o a 
cell or tissue for another differentiated cell or tissue, has been rej 

From the Surgical Pathological Laboratory of the Johns Hopkins Hosp 
University 

1 Cited by Buchmann * o c rp m Tumors, 

2 Lubarsch, O The Question of Metaplasia and Its Signihcanc 

Arb a d path anat Abt d k hyg Inst zu Posen R ,5 “ 5 ^ 4 . 035 ' 1906 , 

pp 205-232, Ikletaplasia, Centralbl f allg Path u path Anat 298 - 208 . 

The Question of Metaplasia, Verhandl d deutsch path Gese s 
1906-1907 
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by most authors in the strict sense of the word, as it is doubtful that 
such a direct change ever takes place Transitional stages in the pro- 
duction of metaplastic processes in an indirect manner have been stressed 
by Ribbert and Schndde ^ This view has been substantiated by 
Lubarsch,- Orth,^ Gruber ^ and Buchmann ^ and is the more plausible 
course of development 

The researches of Stoeckenius,® Wenslaw ® and Harms ^ show 
rather conclusively that all sorts of variations and malformations may 
anse from germinal tissue, and that under certain conditions fully devel- 
oped epithelium may regain its embryonal aspect 

The striking relation between metaplasia and cancer formation, in 
that mechanical injuries and chronic inflammations are given as causes 
for both, has been noted by Buchmann,** who went further and stated 
that m many cases cancer is brought about by metaplasia of epithelium 
Gruber ® expressed the opinion that tumors with epithelium foreign to 
tlie site are suggestive of metaplasia but that it is more probable that 
they are due to malformations of embryonic tissue Lubarsch “ expressed 
the belief that metaplasia in cancer is rare 

In summarizing and presenting my own views it seems best to con- 
sider the possible mechanisms by which metaplasia and its associated 
processes may be brought about 

(a) In consideration of the derivation of metaplastic processes from 
a germinal cell or tissue, it must be understood that certain cells of the 
ongmal germmal stock from which the specialized cell or tissue is 
derived may remain imdifferentiated, though they are carried along with 
the differentiated cells in their development Their presence in the 
specialized tissue is explained by this peculiar migration or displace- 
ment The development of these immature cells with respect to the 
differentiated cells may proceed m a different direction 

(fc) It can easily be seen that in the growth of cells or a tissue 
toward a certain specialization, there is a possibility that some cells 
may be retarded m their differentiation and may remain so, as do the 
completely undifferentiated cells in the specialized tissue These cells, 
likewise, may develop along lines foreign to the site, thus presentmg 
an appearance different from that of the tissue under consideration 

(c) The transformation of one specialized cell or tissue mto another 
specialized cell or tissue of a different type is doubtful and rarely, if 

3 Gruber, G B Metaplasia, Munchen med Wchnschr 61 609-612, 1914 

4 Buchmann, E The Present Status of the ^Metaplasia Question, Cor-BI f 
schweiz Aerzte 41 270-283, 1911 

5 Stoeckenius, W Data on Metaplasia Klin Wchnschr 4 1029-1033, 1925 

6 Wenslaw, A Experimental Investigation on Metaplasia of the Pulmonary 
Epithelium, Compt rend Soc de biol 106 363-367 1931 

7 Harms, W Experimental Metaplasia in Rana Fusca Roi> Zool -^nz 
42 49-55, 1913 
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ever, occurs in a direct manner, although this possibility must be 
considered 


In groups b and c the question of retrogression and variation arises 
The partially differentiated cell or tissue as well as the completely dif- 
ferentiated cell or tissue may undergo transitional regressive changes, 
either in part or to the point of appearing as a completely undif- 
ferentiated cell This process may be accounted for by the formation 
and nutrition of cells as set forth by Virchow ® The further develop- 
ment, then, along different lines in a direct manner may take place, 
although the whole process must be considered indirect, as transitional 
changes are necessary for the transformation of one given cell or tissue 
into another given cell or tissue which is specialized 

The later development along lines different from those followed by 
the specialized tissue is augmented in many instances by certain external 
foices, such as chronic irritation, mechanical stimuli and tumors, and 
by internal factors which have yet to be determined 

The mammary glands arise from a knoblike thickenmg of the 
ectoblast, occurring during the second month of fetal life This thicken- 
ing sinks into the underlying mesoblastic tissue, which undergoes 
proliferation and condensation and forms an investment for the growing 
epithelial mass From this envelop the fibrous and muscular tissue of 
the areola and the nipple are derived, while the underlying mesoblast 


produces the connective tissue stroma Solid epithelial sprouts grow 
out from the sides of the epidermal ingrowth and are the first anlages 
of the true mammary gland, later becoming the excretory ducts 
Subsequently, the central part of the ectoblastic plug undergoes degen- 


eration and destruction, and what at first was an elevation becomes a 
depression From the middle of the depressed area there appears, just 
prior to birth, an elevation which later becomes the nipple Meanwhile, 
the epithelial ductal outgrowths penetrate the surrounding condensed 
stroma, increase in length, subdivide and acquire a lumen at their distal 
ends, due to desquamation of the central plug, thus giving rise to the 
system of ducts and lobules of immature gland tissue With further 
development the surrounding stroma is broken up into the interlobular 
septunis and fibrous framework At birth the gland is represented b> 
the lactiferous ducts with their ampullae, the smaller ducts and the 
immature alveoli Temporary activity may occur in either sex a few 
days after birth, giving rise to the so-called witch’s milk The glan s 


remain more or less stationary during childhood 

A brief review of the physiology of the breast and of the abnorma^ 
ities associated with faulty cyclic processes, described by Oliver a 


8 Virchow, R 

1884 
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Major ° as cycloniastopathy, is presented with the hope of showing the 
major offending mechanism in the cases to be reported 

Before the changes associated with puberty the breast consists chiefly 
of connective tissue in which there are a few ducts without definite 
lobular structure The parenchyma is divided, however, into systems of 
ducts varying in number from ten to twenty the main duct of each 



Fig 1 (case 1) — Photomicrograph showing variations in epithelial structure 
m a loose connective tissue stroma This projection of tissue was found extending 
into a cyst or a dilated duct 


emerging individually at the nipple The lobes are rather indistinctly 
separated by bands of fibrous tissue blending anteriorly with the skin 
and posteriorly with the chest wall 

9 Oliver, R L, and Major, R C Cyclomastopathy A Ph>sio- Pathological 
Conception of Some Benign Breast Tumors, with an Analysis of Four Hundred 
Cases, Am J Cancer 21 1-85, 1934 
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The changes at puberty occur as a result of hyperplasia of the 
periductal and interlobular connective tissue and of the ductal epithehum, 
which forms new branches These changes are frequently accompanied 
with excessive proliferation of one or more of these elements, and local 
or diffuse hyperplasia results 

The hypertrophy of the breast during lactation consists of hyper- 
plasia of the ductal and acinar epithehum and transient increase in the 



Fig 2 (case 1) — Photomicrograph showing a projection into a cystic 
The epithelium is definitely squamous, and some keratinization is seen 
bodies are prominent 


intralobular connective tissue Excessive growth of the parenchyma 
occurs in some instances but usually disappears with the ensuing 
involutionary process Abnormal involution combined with exagge*” 
ations of proliferation of the periductal and periacinar connective tissue 
are as important in tlie formation of the cyclomastopathic processes 
as are the changes occurring at puberty 

There is some epithelial hyperplasia in the premenstrual _ 

the menstrual c> cle and hyperplasia of the connective tissue in the po 
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menstrual phase The variety of combinations of epithelial and con- 
nective tissue elements presents evidence that there is some hyperplasia 
of both throughout different parts of the cycle, leading one to assume 
that the same lobule or lobules which respond to stimuli occurring in 
this cycle may involute with more than normal vigor, or vice versa 
It IS clear that no hypertrophied nodule is left without being acted on 
and modified by additional stimuli 



Fig 3 (case 2) —Photomicrograph showing the compressed capsule of the 
encapsulated tumor 


It is obvious that the cyclic processes may show local nodules or 
diffuse involvement of one or both breasts These processes may present 
excessive proliferation of epithelial or connective tissue, or both, m 
response to growth stimuli Abnormal processes may be present as a 
result of faulty involution These proliferations or involutions, separately 
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or together, are aptly called cyclomastopathies It is in these cyclo- 
mastopathic processes that the finding of epithelial metaplastic elements 
IS lepoited 

REPORT OF CASES 

Case 1 — A white married woman aged SO complained of a tumor of the right 
breast of eight months* duration On examination there was a large, fungating 



Fig 4 (case 2) — Photomicrograph showing ducts and acini lined with a cuboida 
or modified pavement type of cell 


circumscribed mass in the lower part of the breast It was clinically niahgnai^^^ 
The breast was amputated The patient w^as follow^ed for five 3 "ears and was '' 
at the end of that time 

The mass was encapsulated Portions of the capsule contained some 
compressed tissue and tat The mass was composed of a very denbe stroma 
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taming many distorted structures lined by epithelium varying from squamous to 
columnar The dense stroma appeared to be chiefly of interlobular origin, as few 
ducts or alveoli were arranged in groups There was also intralobular hyperplasia, 
m that the intralobular markings were very indistinct, and the cells in general 
were of the same type The ducts where they were enlarged, were considerably 



Fig 5 (case 3) — Photomicrograph showing some acini filled with a transitional 
type of epithelium Other dilated ducts are lined with columnar epithelium 


compressed Some areas of h>almization could be seen The epitlichal structures 
varied in size, and some cystic areas were noted One of the larger cysts wa;> 
lined witli epithelium of pavement type with definite keratosis and hornification 
Pearly bodies were distinctly seen in small groups just beneath the wall of tins 
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cyst Transitions were noted between this type and the glandular type m the same 
section 

Case 2 — A single white girl aged 16 had a slowly growing tumor of seven 
years’ duration in the left breast It was a lobular, hard, encapsulated, movable 
mass the size of one-half the breast and was clinically benign It was excised The 
ultimate result is unknown 

The mass was encapsulated and composed of a dense stroma containing many 
parenchymal structures Some of the epithelial elements were dilated, and many 
huge papillae of hyperplastic connective tissue projected mto the dilatations The 
epithelial cells varied from glandular cells to modified pavement cells, some of 
which showed keratosis There were no areas, however, which showed the extensive 
keratinization observed m case 1 

Case 3 — A white married woman aged 46 complained of a tumor of the right 
breast, with pain, of six months’ duration There was a history of rapid growth 
for the last two months There was a firm, nodular, movable mass with areas of 
softening m the upper part of the breast, and it was climcally mahgnant The 
complete operation for cancer was done, including dissection of the axilla This 
patient remained well nine years after operation 

The mass was encapsulated The tumor was composed of a rather dense stroma 
with many dilated epithelial structures of varying appearance Some of the hmng 
epithelium was of an orderly arrangement and composed of two defimte layers, 
while other parts showed some piling up of epithelium with growth into the dilated 
cavities m the form of small papillae This hyperplastic growth in some instances 
had an adenomatous appearance There were a few definite cystic areas, as well as 
areas showing hyalmization One of the larger cysts, m particular, was Imed partly 
by pavement epithelium with hornification, which gradually merged into types of 
cuboidal to columnar arrangement 


COMMENT AND CONCLUSION 

These cases are of importance m that the discovery of a pavement 
type of epithelium in the mammary gland is described in detail for the 
first time It must be noted that this type of epithelium was deeply 
embedded in growths of cyclomastopathic ongin and in no way could 
have been the result of the growing over of surface epithelium, which 
must be ruled out m aU cases of suspected metaplastic processes The 
presence of pavement epithelium in such a growth bears out the con- 
tention that mechanical stimuli may aid in inaugurating metaplastic 
processes Whether embryonal displacement, simple retrogression into 
a kind of cell similar to the one from which it was derived or direct 
metaplasia is responsible for the change is a purely theoretic question 
The fact remams that the change has taken place, and it is associate 
with changes similar to metaplasia and must be considered under this 
heading The variation from the glandular to the pavement type of ce 
mdicates strongly that the process is an indirect one, transition 
changes being necessary for the transformation, as against the direct 
method, in which one specialized cell or tissue is changed into anot e 
specific cell or tissue without intermediate stages No such a rup 
change was seen in any of the sections 



SERUM PROTEINS AND WOUND HEALING 
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Although many studies of serum proteins m the human being in 
the normal state and m various pathologic conditions have been pub- 
lished/ apparently no studies of serum protein concentrabon in relation 
to wound healing have been reported 

We have studied the concentrations of total protein, albumin and 
globulin, the albumin-globulin ratio and the calculated protein oncotic 
pressure of the serum of 58 patients in the postoperative state whose 
wounds were carefully observed In the cases of 17 who had hermo- 
plasties with clean wounds (table 1) the determinations were done from 
one to ten days after operation (average four days) In the cases of 
23 who had abdominal operations with clean wounds (table 2) the 
determinations were done from one to twenty-two days postoperatively 
(average eight days) In the cases of 16 who had abdominal wounds 
comphcated by deep infections extending below the fascia (table 3) the 
determinations were done from one to twenty days postoperatively 
(average eleven days) In the cases of 8 who had clean wounds which 
disrupted during convalescence (table 4) the determinations were done 
from five to ten days postoperatively (average eight days) 

Ail wounds were sutured with catgut m the deeper layers and with 
black silk in the skin In the hernioplasty wounds the internal oblique 
muscle and the conjoined tendon (Bassini) or the internal obhque 
muscle, the conjoined tendon and the external oblique aponeurosis 
(Ferguson- Andrews) were sutured to the inguinal ligament with inter- 
nipted no 2 chromic catgut In the abdominal wounds the pentoneum 
was closed with continuous no 2 plain catgut and the fasaa with con- 
tinuous no 2 chromic catgut In all the cases the black silk in the skin 
was a continuous suture 

The values for total serum protein were determmed by aeration 
and titration after micro-Kjeldahl digestion ^ The values for albumin 
were determined after precipitation of globulin with sodium sulfate * 

From the Surgical Service of the Crown Heights Hospital 

1 Bennhold, H , Kylin, E, and Rusznydk, S Die Eiweisskorpcr des Blut- 
plasmas, Dresden, Theodor Steinkopff, 1938 

2 Sobel, A, E , Yuska, H , and Cohen, J J BioL Chem 118 443, 1937 

3 Peters, J, and Van Slyke, D D Quantitative Climcal Chemistry, Balti- 
more, Williams & Wilkins Company, 1932, vol 2, p 691 
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(^Na 2 S 04 ) Oncotic prebsure wab estimated from empiric curves based 
on the observations of Wies and Peters^ 

The results are summarized m table 5 

COM MLNT 

Harvey and Howes * noted an impro\ement m the rate of healing 
01 gastric wounds in rats on a high protein diet Thompson, Ravdin 
and Frank ^ reported that after abdominal incision the wounds of 8 of 
11 dogs previously fed a restricted diet and subjected to repeated plcis- 
mapheresis disrupted or failed to heal Although they gave no figures 
for serum protein, the} stated, on the basis of previous studies, that the 
dogs had definite hypoproteinemia They suggested tliat this was a factor 
in the mechanism of wound disiuption As a result of failure to produce 
disruption in 3 similarly prepared dogs which subsequently received 
lyophihzed serum intravenously to raise the serum protein content, they 
suggested ^ that ‘‘retardation in healing of wounds associated with 
hypoproteinemia in dogs may be averted by restoration of the serum 
protein to normal levels immediately after operation 

However, the absence of data on the actual concentration of serum 
protein and its fractions in their experimental animals makes it difficult 
to evaluate their results or to attempt to apply them to human beings 
It is also worth noting that their observations were made on dogs suffer- 
ing not merely from hypoproteinemia There is, indeed, little evidence 
that hypoproteinemia was the only metabolic disorder in their animals, 
maintained as they were on a restricted diet and subjected to repeated 
[ lasmapheresis 

In our studies the values for the total proteins and fractions in the 
cases of patients with clean abdominal and hernial wounds are similar 
to the values reported in the literature for normal human beings ^ On 
the other hand, the average values for total protein, albumin and oncotic 
pressure in the cases of patients with deep infection and disruption 
were slightly but definitely lower than normal The value for globulin 
remained unchanged Whatever hypoproteinemia was present was 
therefore actually hypoalbuminemia (table 5) 

4 Wies, C IL, and Peters, J Osmotic Pressure of Proteins in Whole Serum, 

J Clin. Investigation 16 93, 1937 

5 Harvey, S C , and Howes, E L Effect of High Protein Diet on the 
Velocity of Growth of Fibroblasts in the Healing Wound, Ann Surg 91 641, 
1930 

6 Thompson, W D Ravdin, I S , and Frank, I L Effect of Hypo- 
proteinemia on Wound Disruption, Arch Surg 36 500 (March) 1938 

7 Thompson, W D , Ravdin, I S , Rhoads, J E , and Frank, I L Use of 
L\ophile Plasma m Correction of Hypoproteinemia and Pre\ention of Wound 
Disrupuon, Arch Surg 36 509 (March) 1938 
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It can be seen from table 4 that among the patients with wound dis- 
ruption the highest value for serum albumin was 3 74 Gm per hundred 
cubic centimeters All 8 patients with disrupted wounds and 10 of the 
13 patients with deep wound infections had serum albumin concentra- 
tions of less than 3 75 Gin per hundred cubic centimeters, whereas 
only 5 of the 23 patients with clean abdominal wounds and 3 of the 17 
patients with clean hernioplastv wounds had concentrations below this 
level In other words, 86 per cent of the patients with complicated 
wounds had serum albumin concentrations below 3 75 Gm per hundred 
cubic centimeters, whereas only 20 per cent of the patients with clean 
wounds had such low concentrations 


Table 5 — Postoperative Levels of Serum Protein Classified According to 

Condition of Wounds 


Olafisiflcation 

Protein, 
Gm per 
100 Cc 
Serum 

Albumin 
Gm per 
100 Cc 
Serum 

Globulin 
Gm per 
100 Cc 
Serum 

Albumin 

Globulin 

Ratio 

Protein 
Oncotic 
Pressure 
Cm HiO 

Clean hernia wounds 

6 88 ±018 

4 41 ± 0 12 

2.47 ± 0 12 

1 89 ± 0 10 

28 4 ±0 1 

Clean abdominal wounds 

0 CO ± 0 12 

4 10 ±0 09 

2.60 ± 0 11 

1 76 ± 0 10 

20 0 ± 0 7 

Deep infection in abdominal 
wounds 

6^4 ± 0 13 

3 49 ± 0 10 

2.36 ± 0 10 

1 66 ±012 

21 6 ±0 9 

Disrupted abdominal wounds 

0 08 ± 0^ 

3 45-± 0 07 

2.63 ±a26 

1 44 ± 0 12 

21 9±1 1 


SUMMARY AND CONCLUSIONS 

The concentrations of total protein, albumin and globulin and the 
calculated protein oncotic pressure of serum in the cases of 58 patients 
whose operative wounds were carefully observed are reported 

In general, patients who had deep infection or disruption of their 
wounds showed lower values for total protein and for oncotic pressure 
m their serum This was due mainly to a diminution in the albumin 
fraction 

The occurrence of normal concentrations of serum protein and 
albumin in some patients with infected or disrupted wounds and rela- 
tively low concentrations m some with clean wounds implies that hypo- 
proteinemia by itself is neither a necessary nor a sufficient condition for 
the development of wound infection or disruption However, the 
similarity m the concentrations of total serum protein and serum 
albumin and in the serum protein oncotic pressures in the groups with 
deep infection and wound disruption suggests the idea that the poor 
nutritional state of which hypoproteinemia is a manifestation mav favor 
both the development of deep infection and the disruption of clean 
wounds 



FUCHS TEST FOR MALIGNANCY 

C S ROBINSON, PhD 
RAY EVERS, MD 
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ALLEN TRUEX, BA 

NASHVILLE, TENN 

The test for malignancy which is the subject of the present paper 
was first described iii 1926 ^ It has been the object of considerable 
attention in Europe since that time and has served as the basis for a 
number of immunologic investigations by its author and others Clinical 
studies have been reported on more than 1,000 cases, with an accurac} 
of about 90 per cent There appears to have been no work done on 
It in the United States 

Fuchs observed that washed fibrin from one species of animal was 
not digested by serum from the same species but was digested by serum 
Irom other species This reaction appeared to be so specific that different 
breeds of the same animal, e g , rabbits/ could be distinguished from 
each other by means of it He then investigated the reactions of 
pathologic blood and found that blood from patients suffering from 
various diseases, notably syphilis, tuberculosis ^ or malignant tumors, 
leacted toward blood from healthy subjects as though it were from 
another species of animal Thus, the fibrin from the blood of a patient 
with cancer was digested by serum from a noncancerous person but 
not by that from another person with cancer, while serum from a sub- 
ject with cancer digested the fibrin from a normal person, but did 
not affect fibrin from another subject with cancer Similar results were 
secured with blood from patients with syphilis, tuberculosis and other 

From the Department of Biochemistry, Vanderbilt University School of 
Medicine 

Aided by a grant to the Vanderbilt University School of Medicine from the 
Division of Medical Sciences of the Rockefeller Foundation 

1 Fuchs, H J (a) Proteolytic Enzymes m Serum I, Biochem Ztschr 
170 76, 1926, (I?) Proteolytic Enzymes in Serum II, ibid 175 185, 1926 

2 (a) von Falkenhausen, M , Fuchs, H J , and Schubul, M The Difference:* 
m Sera of Various Stages of Metamorphosis of Anuren, Biochem Ztschr 

269, 1928 (b) Fuchs, H J , and von Falkenhausen, AI Proteolytic Ferment^ 

m Serum VI, ibid 181 438, 1927 

3 (o) Fuchs, H J On Proteolytic Ferments in Serum IV, Bioch^^ 

Ztbchr 178 152, 1926 (b) Fuchs, H , \on Falkenhausen, M, and Kowarz>k, ^ 

Specificity of Fibrin III, Ztschr f Immunitatsforsch u e\per Therap 8^ 

1933 (r) Fuchs and von Falkenhausen 
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diseases, so that false positive reactions were obtained unless precautions 
were taken to rule them out It appeared that false negative reactions 
were rare, and hence the real value of the test lay in its ability to rule 
out malignancy of a tumor m doubtful cases 

In addition to the negative results (with no change in soluble 
nitrogen) and the positive results (with an increase in soluble nitrogen), 
Fuchs described a so-called 'hmmune reaction,” obtained in certain cases 
of infectious disease, in which there was a decrease in soluble nitrogen ** 

Shortly after its publication, the work of Fuchs was subjected to 
critical examination by a number of workers Wright and Wolf ^ studied 
the conditions necessary lor its successful operation and reported results 
in 116 cases In 45 cases of proved malignant tumor the results were 
positive, and no malignancy was proved in cases m which there were 
negative reactions Surgical or radium therap> reversed the reaction, 
causing decreases in soluble nitrogen Cadness and Wolf^ obtained 
18 positive reactions in 18 cases of proved malignant tumors In 16 
cases of benign disease they secured 5 positive reactions, 4 in cases of 
gastric ulcer and 1 in a case of nephritis Yokota ^ and Van der Scheer ® 
iailed to confirm Fuchs s results, but their technic was imperfect ^ 
Bernhard and Kohler compared the Fuchs test with the lipase test, 
which they found to be unreliable In 247 proved cases they reported 
129 positive, 86 immune and 17 negative Fuchs reactions In 164 
cases of nonmalignant disease 9 reactions to the Fuchs test were positive, 
7 were immune and 142 were negative They found the site of the tumor 
to be without significance except that in cases of esophageal tumor false 
negative reactions were obtained They claimed that precancerous con- 
ditions may be indicated by supposedly false positive reactions, which 
should always be viewed with concern Jedlicka and W^eichherz 

4 Fuchs, H J, and von Falkenhausen, M A Chemically Measurable 
Toxin- Antitoxin Combination in Vitro, Biochem Ztschr 176 92, 1926, The 
Behavior of Immune Sera and Immune Fibrin, ibid 178 155, 1927 

5 Wright, M W , and Wolf, C G L The Serological Diagnosis of Cancer, 

J Cancer Research 14 370, 1930 

6 Cadness, B H E , and Wolf, C G L Contribution to the Fuchs Reaction 
for the Serum Diagnosis of Carcinoma II, Biochem Ztschr 238 287, 1931 

7 Yokota, K The Question of the Occurrence of Proteolytic Enzymes in 
Serum, Biochem Ztschr 232 58, 1931 

8 Van der Scheer, J On the Action of Serum on the Fibrins of Vanous 
Species, J Immunol 18 17, 1930 

9 Fuchs, H J , and von Falkenhausen, M Remarks on the Work of K 
Yokota Concerning the Occurrence of Proteolytic Ferments in Serum Biochem 
Ztschr 237 87, 1931 

10 Bernhard, F , and Kohler, K The Diagnosis of Cancer by the Determina- 
tion of Lipase in Serums and the Ca Reaction of Fuchs, Deutsche Ztschr f Chir 
248 72, 1936 

11 Jedhcka, V and Weichherz E The Value of the Fuchs Test Ztschr f 
Krcbsforsch 41 148, 1934 
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confirmed the atypical results with esophageal tumors Of 126 cases 
of malignant tumor their results were incorrect m only 6 Kafka ‘- 
obtamed 90 per cent accuracy in one series and in another series of 
142 cases was 94 per cent correct, using an improved teclmic 
Brandt’s^'* findings were correct m 92 5 per cent of 112 cases, those 
of Latthammer and Rosenbohm,^*' m 72 of 77 cases Latthammer and 
Pistofidis compared the Fuchs and the Kahn test for malignant 
tumor In 28 proved cases the Fuchs test had an accuracy of 97 per 
cent as compared with 84 per cent for the Kahn test In 35 cases of 
nonmahgnant disease the Fuchs test was 97 per cent correct and the 
Kahn test 86 per cent Woodhouse described results in 107 cases 
He was correct m 50 of 53 cases of malignant tumor and 38 of 42 ot 
nonmahgnant disease Yasumasu diagnosed early stages of carcinoma in 
140 cases by the method 

The immunologic aspects of the test have been studied by Fuchs 
and his co-workers A rather comprehensive review of the subject 
to October 1935 and an article explaining the significance of the reaction 
were published by Fuchs 

12 Kafka, V, Jr Contributions to the Study of the Fuchs Test, Ztschr f 

Krebsforsch 41 369, 1934 r 

13 Kafka, V, Jr Further Experiences with the Fuchs Test, Ztschr 

Krebsforsch 42 241, 1935 , 

14 Brandt, E Experiences with the Fuchs Reaction, Ztschr f Kre s orsc 
43 370, 1936 

15 Latthammer, R , and Rosenbohm, A The Fuchs Cancer Reaction, tsc 

f Krebsforsch 45 28, 1936 ^ ^ 

16 Latthammer, R , and Pistofidis, H Comparison of the Diagnostic a 

of the Cancer Reaction of Fuchs and Kahn, Ztschr f Krebsforsch 45 » ^ 

17 Kahn, H {a) A Simple Flocculation Reaction of Malignant * 

Klin Wchnschr 2 1364, 1923, (b) The Differential Diagnosis of Malign 
Tumors with a Few Drops of Blood, ibid 3 920, 1924 

18 Woodhouse, D L Fuchs Serum Proteolysis Test for Malignancy, Lane 

I 138, 1937 

19 Yasumasu, T Serochemical Carcinoma Reaction of Fuchs, u 
Acta med 29 157, 1936, Jap J M Sc , IX, Surg , Orthop & Odont 
1938 

20 Aurm, H , Fuchs, H J, and Kowarzyk, H Patients, 

Serological Relation Between Embryonic Blood and Blood of Cancer 
Ztschr f Immunitatsforsch u exper Therap 80 420, 1933 Fuc s 
Falkenhausen Fuchs, H J , and von Falkenhausen, M Tumor- 

II The Separation of Tumor-Specific Antigen from Tumor ^., 0 ^ 1933 

in Blood Serum, Ztschr f Immunitatsforsch u exper Therap 8 ’ 

Fuchs, H J, and Kowarzyk, H Tumor-Immunity I The 
Tumor-Specific Antibodies in Living Organisms After Injection of l^ljn 

Containing Serum, ibid 80 375, 1933, Tumor Specificity and Tumor enes 

Wchnschr 15 289 and 330, 1936 7 t hr ^ ^ 

21 Fuchs, H J (a) The CaR (Cancer Reaction) of Fuchs, Z.tsc 
ges exper Med 98 70, 1936, (b) The Significance of the CaR for 
Problem, Ztschr f Krebsforsch 44 384, 1936 
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Modifications in the method have been suggested by Fuchs and his 
associates,-- by Minibeck and by Caspary,-^ as well as by Wright 
and Wolf ® 

We have used the test in about 200 cases in the Vanderbilt Uni- 
versity Hospital 

METHOD 

The original method of Fuchs called for a substrate of washed fibrin, which 
was prepared as follows Blood was drawn into a clean, dry synnge moistened 
with liquid petrolatum and was at once transferred to a tube The fibrin was 
whipped out with a stick, on which it collected It was kneaded in cold water 
until all pigment was washed out The nearly white fibrin was then placed in a 
bag of cloth with a mesh sufficiently large to permit free access of water but 
small enough to retain the particles of fibrin It was suspended in a wide- 
mouthed vessel in a stream of water rapid enough to keep the fibrin in constant 
agitation This washing was continued for eighteen hours The pure white 
product was removed from the water, washed repeatedly in distilled water and 
finally pressed as dry as possible with filter paper It was then placed on the 
cloth, which was pinned to a board A current of air warmed to 30 C was 
directed against it, which dried it in thirty minutes It was stored in a vacuum 
desiccator and remained active for at least nine months Portions were pulverized 
in an agate mortar for use as required This procedure may be modified by drying 
the fibrin in a vacuum desiccator instead of in a current of air and pulverizing 
it all for storage. 

Another type of substrate was later developed, which had the advantage of 
furnishing larger quantities of active material from the same amount of blood 
It is prepared as follows 22 a The blood is allowed to clot spontaneously, and the 
serum is centrifuged off Within ten hours after drawmg, the serum is mixed 
with 11 volumes of 2 5 per cent trichloroacetic acid which has been warmed to 
20 C The precipitate is thrown down but not packed, and the supernatant fluid 
IS poured off Fresh trichloroacetic acid solution at a temperature of less 
than 15 C is added, and the precipitate is stirred into it The centrifugation is 
repeated and the fluid is decanted five times The last time, the precipitate is 
packed After the supernatant fluid is poured off, the vessel and the surface of 
the precipitate are rinsed with distilled water to remove the residual wash fluid, 
but the precipitate is not disturbed Water is carefully poured into the vessel 
without disturbing the precipitate, and the centrifugation is repeated at high speed 
to squeeze out the residual acid This is performed three timeb, the excess fluid 
being allowed to drain off thoroughly after the last time 

22 (a) Fuchs, H J A New Substrate for the Examination of Blood for 

Malignant Tumors, Klin Wchnschr 11 1997, 1932 (b) Fuchs, H J., and von 

Falkenhausen, M A New Micro Method for the Determination of Nitrogen 
and Its Application to tlie CaR Biochem Ztschr 245 304, 1932 (c) Further 

Contributions to the Serum Chemical Diagnosis ot Malignant Tumors (CaR), 
Ztschr f d ges exper Med 81 169 1932 

23 Minibeck, H New Technic for the Fuchs Reaction for the Diagnosis 
of Cancer, Ztschr f d ges exper Med 96 o62 1935 

24 Caspary, H An Impro\ed Method for the Fuclis Cancer Reaction, Ztschr 
f Inimunitatsforsch u exper Therap 82 506 1934 
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The solid product is finally transferred, as completely as possible to a glass 
plate, and the plate, centrifuge vessel and spatula are placed m an oven at not 
over 40 C for three hours The material from all the utensils is then scraped 
onto a clean piece of paper and left in the oven overnight It is finally ground 
m an agate mortar and stored in the ice box 

Fuchs emphasized the importance of testing each new preparation (1) against 
normal serum to prove its inactivity against such serum and (2) against foreign 
serum to determine its activity against this These tests should never be omitted 
and, according to our experience, should be repeated at frequent intervals^® 
The test is carried out as follows Enough blood to give 5 cc of clear 
serum is drawn in a clean, dry syringe lubricated with liquid petrolatum to 
prevent hemolysis It is allowed to clot spontaneously and is then centrifuged 
The serum is transferred to a clean, dry test tube 

The next step, the incubation of serum with substrate, may advantageously 
be earned out in a test tube of more than 12 cc capacity and strong enough 
to withstand centrifugation The usual type of pointed centrifuge tube should 
not be used, because the solid substrate collects in a mass in the tip, exposing 
a minimal surface to the serum A test tube may be used, but the supernatant fluid 
from the subsequent trichloroacetic acid precipitation may have to be filtered We 
have used ordinary 150 mm pyrex test tubes with a constriction made at the 
level of the surface of the tnchloroacetic acid precipitate 

For each test four tubes are reqtured Into each of two of them approximately 
5 mg of powdered substrate is measured with a small glass scoop One cubic 
centimeter of serum is accurately measured with an Ostwald pipet into each of the 
four tubes and is thoroughly mixed with substrate The tubes are then set m a 
beaker or other convenient vessel, covered with a watch glass or a Petri dish 
and placed in an incubator at 38 C overnight Fuchs placed chloroform m the 


oven to reduce the bacterial growth 

The next day 11 cc of 5 per cent trichloroacetic acid is accurately measure 
from a buret into each tube and after thorough mixing is allowed to stand or 
fifteen minutes The tubes are then centrifuged, and the supernatant flui is 
decanted into clean, dry test tubes Samples of 4 cc each are pipetted into 
digestion tubes for the estimation of nitrogen by a micro-Kjeldahl proce 
Increases of over 2 mg per hundred cubic centimeters in the substrate tu 


indicate a positive reaction ^ , 

Although in the work reported here we used all the precautions 
by Fuchs, we smee have used chemically clean, but not sterile, technic, ^ 
omitted chloroform from the incubator and have never encountered i 
from microbial contamination The quantities used are those recommen e ^ 
Fuchs but may be varied to suit conditions, e g , 14 cc of trichloroacetic aci 
may be added to the serum and 5 cc aliquots taken for analysis Filtration nia^» 
of course, be substituted for centrifugation of the trichloroacetic acid precipi 
We have found that an incubation period of twelve to eighteen hours 
the best results Shorter periods give smaller differences, due to incomplete ac i 
of the enzyme , other reactions assume significance with longer ones ^ 
The accuracy and delicacy of the mtrogen determination are the crux 
whole procedure Several methods have been advocated We have us 
manometnc one of Van Slyke, though others are doubless as good - 


25 Fuchs and von Falkenhausen ^ Van der Scheer ® Yokota ’’ 

26 Kafka Kahn Minibeck 23 
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RESULTS 

We obtained negative reactions in the cases of 74 patients in whom 
no evidence of a malignant process was found These included 4 patients 
with syphilis and 4 with tuberculosis There were 3 samples of placental 
blood and 10 samples of blood from patients m the fourth to the seventh 
month of pregnancy In 10 cases malignant tumor was suspected 
but the growth was shown on biopsy to be benign There were a number 
ot negative values corresponding to Fuchs's “immune reaction/' most 
of which were too small to be significant Of those which were greater 
than experimental error, 2 were given by blood from tuberculous 
patients, 1 by blood from a syphilitic patient and 3 by placental blood 
or blood from pregnant women 

In 56 cases of proved malignant tumor the Fuchs reaction was 
positive This series included 11 cases of carcinoma of the cervix, 9 
CcLses of cancer of the bladder and 3 each of malignant tumor of the 
tace, stomach, breast and jaw Other growths represented were tumors 
of the brain, cancer of the ovary, hand, tongue, prostate and pancreas 

The chief interest in these results lies m the wide variety of tumors 
that give positive reactions Previous reports in the literature indi- 
cate that only esophageal lesions fail to give positive reactions Why 
this particular site differs from all others is not known, and further 
expenment might show this statement to be inaccurate One case of 
S}philis is included, but the positive reaction was probably due to the 
accompanying malignant growth In 2 cases the growths were recurrent 
after one to four years 

From the standpoint of evaluating the method the figures m the 
accompanying table are perhaps the most important, since they indicate 
the conditions under which it fails The blood in all cases tabulated 
gave negative reactions by the Fuchs method, though the patients either 
had or had previously had proved malignant tumors By far the greatest 
number of patients represented m this table had undergone some sort 
of therapy, after which the tumor showed no signs of recurrence In 
other words, as far as could be judged clinically they were cured 

If the assumption is made that the Fuchs reaction would have been 
positive prior to treatment, it would seem that the effects of therapy 
are rather prompt, as has been suggested by other investigators In 
case 5 a negative reaction was obtained six days after operation In case 
195 the reaction was negative a week atter operation In several nega- 
tive reactions were obtained after two or three months Case 147 is 
particularly interesting in this connection The patient was given radium 
on May 26, 1937 On Jul> 28 her blood gave a positive Fuchs reaction 
She was operated on three days later High voltage roentgen therapy 

27 Bernhard and Kohler JedUeka and Weichherz 

28 Cadness and Wolf® Wright and Wolf® 



Negative Fuchs Reactious tn the Presence of Malignant Tumor or a Past 
Histoiy of Malignant Tumor 





Residual Nitrogen 
Mg/lOOCc of Blood 



r 


Serum 

> 




Scrum 

and 

Differ 

No 

Clinical Dia^Tiosis 

Comment 

Alone 

Substrate 

ence 



A Disagreement Explainable 




5 

Sarcoma of jaw 

6 days after operation 

30^ 

3109 

0 20 

5 

Sarcoma of jaw (same 
case*) 

3 weeks after operation 

23 13 

23 72 

059 

24 

Carcinoma of larynx 

Roentgen therapy 2 months 
previously 

20 52 

20 76 

024 

27 

Carcinoma of lip and 

Roentgen therapy 19 months and 

31 JO 

31 24 

014 


neck 

operation 14 months before, no 






recurrence 




29 

Carcinoma of lip 

Operation 1 month before, roentgen 
therapy in progress 

24 42 

25 56 

U4 

37 

Squamous cell carci 

Operation and roentgen therapy 

17 32 

17 57 

02o 


noma of cervix 

5 weeks before 




39 

Carcinoma of ear 

Roentgen therapy 2 months before 

31 14 

31 00 

-014 



no recurrence 




40 

Carcinoma of cervix 

Operation and roentgen therapy 

2 months before 

26 26 

28 36 

OJO 

032 

43 

Epithelioma of face 

Only 6 weeks’ duration 

3127 

3L59 

49 

Carcinoma of mouth 

Operation 6 months before 

29 38 

29 09 

—0^ 

57 

Carcinoma of face 

Only 4 weeks* duration 

28 93 

29 00 

0 07 

64 

Carcinoma metastatic 

Operation 2 years and roentgen 

24 67 

24 57 

—010 


from breast 

therapy 3 months previously 



—0 30 

70 

Carcinoma of lip 

Operation 10 months before recur 
rence 4 months after this test 

35 01 

34 71 

—0 72 

71 

Carcinoma of lip 

Operation and roentgen therapy 

7 months ago 

40 86 

40 14 

-026 

79 

Carcinoma of cervix 

Radium and operation 2 iponths 
ago 

23 01 

22 75 

036 

82 

Carcinoma of lip 

Only 3 months* duration 

34 84 

35 20 

83 

Carcinoma of cervix 

Roentgen therapy in progress 

26^0 

20 03 

— 0 17 

123 

Carcinoma of bladder 

Roentgen therapy 

36 37 

35 98 

— 0 39 

oil 

136 

Carcinoma of breast 

Extensive carcinomatosis of long 
standing but in remislson 

26 11 

26 22 

24 54 

019 

137 

Melanoma of vulva 

2 years old but only 4 months of 
rapid growth 

24 35 

32 67 

07S 

140 

Carcinoma of face 

Roentgen therapy 

31 89 

147 

Squaraoujs cell card 

2 weeks after operation (positive 

27 44 

27^ 

—022 


noma of cervix 

before operation) 


25 09 

110 

1B9 

Adenocardnoma of 

Radium and roentgen therapy 8 

23 99 


uterus 

years ago 


35 60 

159 

168 

Squamous cell card 
noma of cornea 

Only 4 months’ duration 

34 31 


-019 

-0 26 

0 43 

175 

Carcinoma of esophagns 


21 27 

21 OS 

180 

Carcinoma of penis 

Three weeks after operation 

36 83 

36 57 

191 

Oardnoma 

12 days after exploratory lap a 

36 81 

37 24 

195 

‘Adenocarcinoma 

rotomy 

1 week after operation 

49 51 

49 45 

—0 06 


Total, 27 cases 





23 

Basal cell carcinoma 

B Disagreement Not Explainable 

24 51 

24 69 

018 


of arm and squamous 
cell carcinoma of ear 




036 
-0 42 

-0 49 

32 

47 

Lymphatic leukemia 
Carcmoma of lungs 


27 64 

35 91 

28 00 

35 49 

26 49 

128 

Monoblastic leukemia 


26 93 
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Ncgattzc Fuchs Reactions in tJu Presence of Malignant Tumor or a Past History 
of Malignant Tumor — Continued 


Residual NltroKcn 
AIC /lOO Cc of Blood 

Serum 


No 

Clinical D!utD 08 lH 

Comment 

Scrum 

Alone 

and 

Substrate 

Differ 

ence 

133 

Carcinoma of proptutt 


24 78 

25 73 

090 

145 

Carcinoma of prostate 


60 44 

51^ 

1 40 

162 

Adenocarcinoma of 
cccum 


51 01 

5192 

0 31 

lo7 

Cnrcinomn of face 


24 69 

24 00 

031 

171 

Adenocarcinoma 


33^9 

34 63 

064 

174 

Cardnoina of testes 


30 03 

31 74 

1 71 

162 

Carcinoma of rectum 


19 42 

20 70 

1 34 

183 

Carcinoma of o\Qry 

Recurrence 4 years after operation 

26 71 

25 97 

0 20 

183 

Carcinoma of ovary 
(samo case*) 

24 hours after roenteen therapy 

24 63 

2o90 

1,37 

185 

Benign hypertrophy of 
prostate 

Alallgnant at autopsy 

90 41 

99 67 

010 

187 

Carcinoma of cervL\ 


80 33 

30 65 

032 

188 

Carcinoma 


41 62 

42,01 

0 49 

100 

8<iuamou8 cell card 
noma of cervix 


21 33 

21 20 

—0 04 

102 

Secondary carcinoma 
of pelvic bones 

Recurrence 0 months after 
operation 

44 45 

46 38 

093 

198 

Wilms’ embryoma 


24 93 

25 35 

042 


Total 18 cases 


* Cases In which a ncua,tive reaction was twice obtained arc Included only once In com 
potlng the total number of cases 

was then given and was repeated beginning December 13 On Feb 15, 
1938 her blood still gave a positive reaction On March 1 it gave the 
negative reaction reported in the table At this time and one week 
later she was much improved She did not return to the hospital She 
died June 15 in another city, of “locked bowels ” That the test measures 
the activity of the malignant growth is indicated by case 136 On 
admission the patient was found to have extensive carcinomatosis with 
metastases to the bones and other structures At this time her blood 
gave a positive Fuchs reaction She was pregnant and was delivered 
t>y cesarean section, receiving several transfusions but no treatment for 
the malignant tumor Two months later she returned to the hospital 
Blood was taken and gave the negative reaction recorded m the table 
At this time she was much improved , she had gained weight, and there 
was marked retrogression of her osseous lesions Several months later. 
However, she died 

A third case indicating that operative procedure alone may affect 
the result was observed (case 191) The blood gave a positive Fuchs 
reaction on July 29, 1938 An exploratory laparotomy was performed 
when a biopsy specimen was taken, but nothing more was done On 
August 10 a second sample of blood was tal en, which gave the negative 
result reported m the table 


737 




738 


ARCHIVES OF SURGERY 


In case 175 the growth was a carcinoma of the esophagus, which, as 
has been stated, is said to be associated with a negative reaction of 
the blood 

In 4 of the cases reported the growths were respectively of four 
weeks , five weeks , three months* and four months* duration, the onset 
being pretty accurately determinable because of the superficial character 
of the growth In a fifth, although the growth was about hvo years 
old, it had shown rapid growth only during the four months preceding 
the examination The false negative reactions may, therefore, be 
explained by the assumption that the production of enzymes does not 
reach a detectable level for over five months A similai case (not 
included in this group because no microscopic examination was made, 
though the diagnosis is probably correct) adds weight to this assump- 
tion There are 27 examples in the table (section of patients who 
were cured, were under treatment or had lesions m the early stages 
of growth 

There remain in this group (section B of table) 18 cases in which 
no explanation appears and in which the results of the Fuchs test must 
be assumed to be genuine false negative reactions 

In 5 other cases the Fuchs reaction was positive in spite of the fact 
that the pathologists failed to find malignant tissue This, of course, does 
not mean that such tissue was not present m some other part of the 
body 

We also have data on 13 cases in which no microscopic examination 
was made 

Other investigators have reported that false negative reactions are 
seldom obtained but that false positive reactions may be obtained in a 
number of conditions, notably syphilis and tuberculosis Our experience 
has not confirmed this We have had no positive results from either of 
these diseases and have obtained more false negatives than false posi- 
tive reactions From experiences subsequent to the completion of this 
work, we feel that the accuracy of the method could be materially 
increased by improving the quality of the substrate and by frequent 
checking of its activity The fact that this was not done may account 
for a number of our failures After completion of this work no tests 
with old substrate were made for several weeks when a negative result 
was obtained in a proved case of malignant tumor Investigation 
revealed that all samples of substrate had become inactive Since that 
lime w^e have been unable to prepare an active trichloroacetic acid sub 
strate, though active fibrin ones have been prepared consistently The 
explanation for this failure has not yet been found We suspected 
poisoning of the enzyme by traces of heavy metals in the reagents, btit 
using water redistilled from glass to make up all solutions and to recry:>- 
tallize the trichloroacetic acid did not change the results 
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The mechanism of the reaction is still obscure and should be studied 
Apparently, the substrate participates m the reaction in an active way 
It It does serve merely as a protein on which serum protease acts, it 
must be an unstable one which can change on standing 

SLM MARY 

The Fuchs test for malignancv is a chemical laboratory procedure 
which can be performed with 15 cc of blood Although there is a 
strong correlation between the results of this test and the pathologic 
observations, it apparently has certain limitations 1 The growth must 
be over six months old, (2) the patient should not have been operated 
on or have received radium or roentgen treatment for at least a month, 
and (3) the tumor must be m a period of active growth 

Dr Henry Douglas, Dr J C Pennington and other members of the staff 
of Vanderbilt University Hospital supplied the clinical material for this work 



BACILLUS PYOCYANEUS OSTEOMYELITIS 
OF THE SPINE 


I 


REPORT OF A CASE OF SUCCESSFUL TREATMENT 
WITH SULFANILAMIDE 

ALBERT J SCHEIN, MD 
Adjunct Orthopedist, Mount Sinai Hospital, Assistant Visiting 
Orthopedic Surgeon, Bellevue Hospital 

NEW YORK 

The case to be presented is unique for several reasons It is the 
fit St case of osteomyelitis due to Bacillus pyocyaneus to be reported in 
the literature It is the only case of spinal skeletal involvement by this 
organism which could be found Finally, it is one of the few cases m 
which sulfanilamide therapy was tried and appeared effective 

The literature on infections due to B pyocyaneus (Pseudomonas 
aeruginosa) has been reviewed in detail in several papers in the past 
twenty-five years No effort will be made to repeat this work The 
oigamsm is not uncommonly encountered in infected wounds of various 
types, especially large granulating areas Ordinarily it is only slightly 
pathogenic, is easily controlled by applications of boric acid and presents 
no problem It is recognizable by its color and odor Occasionally, 
however, it becomes a dangerous pathogen, invading visceral cavities, 
mucous membranes and even the blood stream, with secondary local 
izations 

Infections of the genitourinary tract are especially likely to be 
to this bacillus In a recent discussion of a case of B pyocyane^^ 
meningitis, Slutsky and Mathn - reviewed the incidence of invasion ^ 
the blood stream following manipulations of the genitourinary 
They reported that when routine cultures of the blood were ma 

From the Orthopedic Service of Drs R K Lippman and S Sehg 
Medical Service of Dr B S Oppenheimer, the Mount Sinai Hospital 

1 (a) Epstein, J W, and Grossman, A B Bacillus Pyocyaneus In ^ ^ 

m Children, Am J Dvs Child 46 132 (July) 1933 (b) J 931 

Bacillus Pyocyaneus Infections, M Clin North America 14 1243 ^ jt, 

(c) Fraenkel, E Weitere Untersuchungen uber die Menschenpat oge 
Bacillus pyocyaneus, Ztschr f Hyg u Infektionskr 84 369, 1917 ^ 

2 Slutski, N, and Mathn, P Pyocyaneus Meningitis, J A ^ 

1400 (Oct 7) 1939 
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investigation of chills after such instrumentation, Scott found 3 
of 82 ‘‘positive'' cultures yielding B pyocyaneus, while Hyman and Edel- 
man reported 1 of 63 “positive" cultures as yielding this organism 
In addition, individual cases of infection with a similar portal of entry 
have been reported by others In adults this is probably the most 
common source of entry of the organism, others being by way of the 
gastrointestinal tract and by way of discharging surgical wounds In 
children general infection usually arises from involvement of the skin 
in the form of ecthyma, as reported by Epstein and Grossman ^ 

Lesions of the skeletal system caused by this organism have rarely 
been leported, as compared with frequent reports of pyelitis, ecthyma 
and meningitis Epstein and Grossman mentioned 2 cases of suppurative 
arthritis One was a case of sepsis of the hip, published by Groves ^ 
m 1909 , the condition was successfully treated by incision and drainage 
with use of autogenous vaccine The other was a case of a suppurating 
knee which required amputation, reported by Wassermann ° in 1901 
In 1927, Pinelh described a case of suppuration of the left shoulder, 
in this case also the condition was cured by incision and drainage com- 
bined with use of autogenous vaccine Finally, Bishop ^ recently 
reported a case of suppurative arthritis of the ankle due to direct 
invasion by B pyocyaneus from pyoderma in an extensive bum In 
this case, again, the condition was cured by incision and drainage of the 
ankle and use of autogenous vaccine No case of hematogenous osteo- 
myelitis due to this organism has been discovered 

Until recently there has been no acceptable specific therapy for 
systemic infection by B pyocyaneus Autogenous vaccines have been 
used for many years, almost since discovery of the pathogenic properties 
of the germ Fraenkel,^^^ in 1917, in an exhaustive review of 26 cases, 
stated that autogenous vaccines are of little use, since 83 per cent of the 

3 (o) Scott, W W Blood Stream Infections in Urology Report of Eighty- 

Two Cases J Urol 21 527 (May) 1929 (b) Hyman, A, and Edelman, L 

Medical and Surgical Aspects of Hematogenous Infections in Urology, ibid 28 
173 (Aug ) 1932 (c) Barrington, F J F and Wnght, H D Bacteremia 

Following Operations on Urethra, J Path & Bact 33 871 (Oct ) 1930 Powers 
J H Renal Function Following Trauma of Kidney Clinical and Experimental 
Study, New York State J Med 36 1411 (Oct 1) 1936 Ewell G H Bacillus 
Pyocyaneus Bacteremia Secondary to Pyelonephritis and Prostatic Abscess with 
Deatli Case Report, Urol & Cutan Rev 40 697 (Oct ) 1936 

4 Groves, EH A Clinical Lecture on a Case of Bacillus Pyocyaneus 
Pyaemia Successfully Treated by Vaccine, Brit M J 1 1169 1909 

5 Wassermann, A, Septische Nabel-Infection Neugeborener Ein Beweis 
fur die B Pyocyaneus beim Menschen Virchows Arch f path Anat 165 342 1901 

6 Pinelli, A Artnte monoarticulare pnmitiva da piocianeo Pediatria 35 
147 (Feb 1) 1927 

7 Bishop, W A , Jr A Case of Primary Bacillus-Pyocyaneus Arthritis in 
an Infant, J Bone d Joint Surg 20 216 (Jan ) 1938 
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infections end fatally, despite publication of occasional individual suc- 
cesses in treatment Soeters,® in 1937, first reported a case of sepsis 
due to this organism treated with a derivative of sulfanilamide (“prontosil 
soluble,” now known as azosulfamide , disodium sulfamidophenyl-2'- 
azo-7'-acetylammo-l'-hydroxynaphthalene-3',6' disulfonate) and repeated 
blood transfusions , recovery occurred Stewart and Bates ° thereafter 
pointed out that others of the same family of organisms, such as 
Bacillus typhosus and Bacillus coli, are susceptible to the action of 
sulfanilamide m animals and probably in human beings They reported 
a case of infection of the gastrointestinal and urinary tracts successfully 
treated by the drug Helmholz and Long and Bliss have mentioned 
the efficacy of sulfanilamide m clearing the unne of B pyocyaneus 
1 he latter authors have estimated that a urinary concentration of 
sulfanilamide of 300 mg per hundred cubic centimeters is required 
to sterilize the urine of this organism 

REPORT OF CASE 

A 56 year old Irishman, single, was admitted to the medical service of Dr B S 
Oppenheimer at the Mount Sinai Hospital on Alay 28, 1938 and discharged 
October 4 

In his youth he had had infectious disease of the right hip with a discharging 
sinus for over two years This had become and remained quiescent, witli fibrous 
ankjlosis of the joint On two occasions, ten and five weeks respectively before 
admission, the patient had attacks of colicky pain in the right loin, radiating to 
the right pubic region, relieved by hvpodermic medication after several hours 
and unaccompamed with hematuria, chills oi fever Because of this he was 
examined for renal calculi, and the cystoscope was used eight days before admis 
Sion On the next day he vomited and had severe pain in the loin and nS 
fever Prostration was marked for a week On the day before admission e 
had a severe shaking chill, a temperature of 106 F and delirium There was 
little pain in the right loin at the time of admission 

Physical Examination — The patient was well developed and acutely ill 
heart and lungs were normal , the abdomen was soft Bilateral tenderness 
the costovertebral angles was present, more marked on the right The prosta 
gland was moderately and diffusely enlarged The left hip was stiff, ^ 

atrophy of the surrounding muscles but no localized tenderness or pain I ^ 
were two small healed scars on its outer aspect 

8 Soeters, J M Pyocyaneus Sepsis in a Child Recovery with Front 
Alaandschr v kmdergeneesk 7 74 (Nov ) 1937 

9 Stewart, W , and Bates, T Bacillus Pyocyaneus Infections A Case 

Treated with Sulfanilamide, Lancet 1 820 (April 8) 1939 ^ 

10 Helmholz, H F Bactericidal Power of Urine After Administration o 
Prontyhn by Mouth, Proc Staff Meet, Alayo Clin 12 244 (April 21) 1937 

11 Long, P H, and Bliss, E A The Clinical and Experimental Use^o^ 
Sulfanilamide, Sulfapyndine and Allied Compounds, New York, The - 
Company, 1939 
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Early Laboratorv Data — The value for hemoglobin was 71 per cent The red 
blood cells numbered 4,800,000 per cubic millimeter The white blood cells num- 
bered 10,100 per cubic millimeter, with 90 per cent polymorphonuclear leukocytes, 
showing marked toxic granulation 

The urine was alkaline, the specific gravity was 1015 There was a trace 
of albumin Alicroscopic examination showed red and white blood cells, and 
there was a pure culture of B pyocvaneus 

The Wassermann reaction of the blood was negative, and the value for blood 
urea was 31 mg per hundred cubic centimeters A culture of blood taken on 
admission was sterile after four days 

Roentgen examination of the abdomen (genitourinary flat plate) showed a 
left renal calculus and a second small concretion on the right side, near the pelvic 



Fig 1 — Lateral view of the dorsal portion of the spine, showing the course of 
infection {A and B) and the final fusion (C) 


nm, m the course of the ureter The left hip gave evidence of old quiescent 
destructive osteoarthritis The thoracic film showed a bilaterally ele\ated diaphragm. 
With a linear shadow of atelectasis above the left leaf 

Examination and culture of matenal from the stool gave negative results 
Dwgnosts — The patient was assumed to have pyelonephritis and possibly 
prostatitis (following use of the cystoscope) with left renal and right ureteral 
calculi The chills and fever were considered to be due to invasion of the blood 
stream by some organism, to be identified 

Course of Infection — Administration of large quantities of fluids, a purgaUve 
dose of castor oil and citrates was begun at once Four grams of sulfanilamide 
'vas given daily This dose was later reduced, and administration of the drug was 
stopped after nine days, when a total of 27 Gm had been given The temperature, 
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which rose to 106 F shortly after admission, “spiked’* from 99 to 106 F for 
two days and then dropped to practically normal The patient became anorectic, 
depressed and slightly disoriented, which was the cause for discontinuing the 
medication 

One and one-half weeks after admission, pain in the back was present when 
the patient raised himself in bed, and exquisite tenderness was elicited over the 
lower dorsal segments of the spine Tenderness of the costovertebral angles was 
minimal The temperature, which had been normal for some time after discon- 
tinuance of sulfanilamide therapy, began to rise irregularly to from 102 to 103 F 
daily, and the patient again appeared acutely ill Although it was the general 
suspicion that a metastatic focus had lodged in a dorsal vertebra, it was some 
weeks before roentgen confirmation was obtained Two separate roentgen examina- 



Fig 2 — Anteroposterior views of the dorsal portion of the spine A shows th 
lesion between the seventh and the eighth dorsal vertebra , B, the final fusion 


tions, on June 6 and 24, showed no changes in the dorsolumbar portion of 
spine other than mild hypertrophic arthritis 

Repeated cultures of the unne, on June 1, 4, 6, 11, 20 and 27 and July ^ 
well as later (on August 25), all yielded B pyocyaneus A second ^ 

blood, taken in June 27, during a rise in temperature above 102 F, s 
pure growth of B pyocyaneus in one flask The sedimentation rate was 
in twenty minutes, indicating the activity of the general infection q-lie 

of the blood on June 22 showed a carbon dioxide-combimng power of 
value for calcium was 9 8 mg , that for phosphorus 3 6 mg , that for "yalut 

and that for sugar 73 mg per hundred cubic centimeters On July tie 

for blood urea was 7 mg per hundred cubic centimeters, and m 

was 9 An intravenous pyelogram taken on June 28 showed the let ca c 
the ureter and the right one low in the ureter 
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Sulfanilamide was administered again when the infection could not be con- 
trolled (from July 5 to 10 inclusive), in larger doses than before, a total of 34 
Gm being given Tlie temperature subsided and remained low for the remainder 
of the patient’s stay m the hospital Acidification with large doses of mandelic 
and gluconic acids was tried m an attempt to sterilize the urine, but pyuria and 
P3 0cy3nuna persisted despite a pn of 5 2 Two transfusions of citrated blood, 
500 cc each, were given to combat the anemia after the value for hemoglobin fell 
as low as 52 per cent 

As local tenderness over the lower dorsal segments of the spine grew more 
definite, root zones of cutaneous hyperesthesia appeared On July 13, seven weeks 
after the first clinical evidence of sepsis, new roentgenograms of the dorsal portion 
ot the spine showed narrowing of tlie seventh dorsal interspace, with definite 
erosion of the adjacent cortical plates of tlie seventh and eighth dorsal vertebral 
bodies There was suggestive widening of the mediastinal structures at this level, 
probably due to a soft tissue abscess or to infiltration It was now evident that 
the patient had acute osteomyelitis of the dorsal portion of the spine, secondary 
to urosepsis A gibbus was noted at the eighth dorsal vertebra, and consultation 
with an orthopedist resulted in the decision that an operation was unwarranted 
in view of amelioration of the symptoms by sulfanilamide 

A plaster jacket was applied on July 20, and the pain immediately subsided 
The remainder of the stay in the hospital was uneventful, the patient being kept 
recumbent almost to the time of discharge, when he was transferred to the 
Montefiore Hospital for Chronic Diseases for convalescent care The value for 
hemoglobin was 70 per cent on his discharge, and a Congo red test showed no 
evidence of amyloidosis Further roentgen studies of the dorsal portion of the 
spine on September 6 and 9 showed an increase in size of the paravertebral mass 
with further destruction of the opposing vertebral surfaces 

At the Montefiore Hospital, convalescence continued uneventfully The patient 
stayed there from October 4 to April 23, 1939 Culture of the urine continued 
to show B pyocyaneus, and a ureteral calculus was still visible on the left side 
The plaster jacket was worn for several months and then was replaced by a high 
Knight spinal brace The patient was ambulatory and had very few symptoms 
at the time of discharge 

On May 11 the patient appeared at the Mount Sinai orthopedic follow-up clinic 
and was found to be clinically well, with good motion of the spine 

Roentgen examination showed disappearance of the intervertebral space between 
the seventh and eighth dorsal vertebrae, as well as of the soft tissue shadow In 
September, fusion of the involved vertebral bodies was considered solid, and the 
brace was finally discarded There was no local tenderness, but slight residual 
gibbus and occasional local pain were present 

COM ME NT 

The diagnosis of B pyocyaneus urosepsis following cystoscopic 
procedures for renal calculus, complicated by B pyocyaneus osteo- 
niyehtis of the dorsal portion of the spine would seem to be established 
by the septic picture, the repeated pure cultures of the organism from 
the unne and, above all, the blood culture yielding the same organism 
which can hardly have been a contaminant Nevertheless, at the time 
of transfer, the possibility of Pott’s disease following childhood tuber- 
culosis of the hip was considered, the urinary sepsis then being inter- 
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preted as incidental Against this are the rapid response of the febrile 
infectious picture to administration of sulfanilamide and the course of 
the spinal infection Healing of the lesion of the dorsal portion of the 
spine m a year and a half by fusion of the involved vertebrae with 
good calcification is unlike Pott’s disease but is compatible with infec- 
tious osteomyelitis due to a pyogenic organism 

SUMMARY 

It is shown that the ordinarily saprophytic B pyocyaneus may under 
certain circumstances become pathogenic and invasive and may cause 
septicemia with secondary localization 

In adults, one of the most common portals of entry is by infection 
of the urinary tract, especially after operation or other instrumentation 

A case is reported m which this occurred with secondary localization 
in the dorsal portion of the spine This is the first case of B pyocyaneus 
osteomyelitis to be reported m the literature 

It took seven weeks, during which there were negative results on 
two examinations, to demonstrate the suspected spinal lesion roent- 
genographically 

Sulfanilamide controlled the original sepsis but did not prevent 
localization in the spine 

Further administration of sulfanilamide controlled the sepsis, which 
had lecurred 

Subsequent treatment by orthopedic measures resulted in healing 
b’v fusion of the spine in less than one and one-half years 



INCOMPLETE INDIRECT INGUINAL HERNIAS 

A STUDY OF 2 A02 HERNIAS AND 2 J37 HERNIA REPAIRS 
HAROLD J SHELLEY. MD 

FORT WORTH. TEXAS 

A study was made of all hernias m patients admitted to the wards 
of St Luke’s Hospital, New York, from 1926 to 1935 inclusive Also 
included in the study were all hernias repaired from 1916 to 1925 
inclusive which were observed postoperatively for nine months or 
longer This gave a total of 4,442 hernias, of which 2,462, or 55 4 per 
cent, were incomplete indirect inguinal hernias They made up 67 4 
per cent of all inguinal hernias included in the study 

Of these 2,462 hernias, 2,337 were repaired Among the 1,668 which 
were followed for nine months or longer (the average follow-up time 
was thirty-six months), 120 recurrences were found, an incidence of 
7 2 per cent The average time after operation at which these recur- 
rences were first noted was thirty-two and two-tenths months 

ETIOLOGIC FACTORS 

Age at Omet — The age at which the hernia was first noted must of 
necessity be taken as the closest possible approximation of the patient’s 
age at the time of development of the hernia In this series of cases this 
figure vaned between 1 day and 75 years, the average being 30 9 years 

For the first three five year penods of life the incidences were between 
4 3 and 6 5 per cent, increasing to 8 4 per cent between the fifteenth and 
the twentieth year The five year groups between the ages of 20 and 40 
years showed approximately the same incidences, varying between 10 8 
and 12 7 per cent Following these incidences, the four greatest, the 
incidences decreased gradually with each five year period to 0 3 per 
cent for each of the two between the ages of 65 and 75 years 

Grouped into twenty year penods of life, the incidences were first 
penod, 23 6 per cent, second, 46 9 per cent, third, 27 5 per cent, and 
fourth, 2 5 per cent 

Recurrence rates increased with increase in the age of the patients 
at the time the hermas were first noted For the first twenty years of 
hfe the recurrence rate was 2 8 per cent , from the age of 20 to 40 years, 

From the Surgical Services of St. Luke s Hospital 
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7 3 per cent, from 40 to 60 years, 10 4 per cent, and from 60 to 75 
years, 20 7 per cent 

Age at Adnmston or Operation — The age of the youngest patient 
at the time of admission or operation was 1 day, and that of the oldest, 
93 years The average age was 34 8 years 

Only 17 3 per cent were admitted or operated on m the first twenty 
years of life, and m this group the recurrence rate was 1 3 per cent 
Nearly half (44 2 per cent) were admitted or operated on between the 
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Age incidence 


ages of 20 and 40, with a recurrence rate ot 6 9 per cent , 32 9 per cen 
between 40 and 60, with a recurrence rate of 9 2 per cent , and 5 3 pe 
cent between 60 and 80, with 20 per cent of recurrences 

Se\ — The incidence of males m this group of cases of incomplete 
indirect inguinal hernia was 88 7 per cent and that of females 1 1 ^ 
cent This is explained by the differences in shape of the male and fema c 
pelves the presence of the spermatic cord in the male and the niu 
greater incidence of strenuous occupations among males 

The same factors account for the difference in the recurrence 
which were 7 5 and 4 9 per cent respectively Difficulty m ©et 
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employed men to leave their work to come m for follow-up examinations 
was the reason that a somewhat larger percentage of women were 
examined postoperatively 

Race — The relative incidence of the three races (table 4) in the 
group of patients covered by this study is no indication of the relative 
frequency with whieh hernias oeeur among those races Instead, the 
figures approximate closely their proportions among the general admis- 
sions to the hospital 

Table 1 — Aye at Which Hernia Was First Noted 






Number 

Number 







followed 

of 



Age Group 

Total 

Per Cent of 

Post 

Recur 

Per CJcnt 

(in leurs) 

liemloH 

Entire Group 

operatively 

rcnccs 

Recurrences 

Oto 6 

159 

06 j 


112 

1 

09 ■ 

] 

1 

6 to 10 

ICO 

4 4 1 


75 

0 

00 1 





230 




► 28 

10 to 15 

100 

4 3 


83 

5 

00 

1 


16 to 20 

203 

6*4 , 


152 

0 

30 J 


20 to 25 

312 

12 7 1 

1 

212 

13 

61 1 

1 

25 to 30 

288 

1 

11 3 

1 

108 

15 

71 1 

i 73 









SO to 35 

298 

12 1 

1 40 0 

194 

14 

72 1 
] 


35 to 40 

205 

10 8 , 


170 

15 

8 5 J 


40 to 46 

244 

9 0 1 


102 

10 

09 I 
j 


45 to 60 

102 

7 8 


120 

13 

10 3 








1 

> 10 4 

50 to 65 

125 

66 1 

1 276 

60 

11 

12 8 1 
\ 


55 to GO 

07 

43 J 


00 

6 

8^ j 


CO to 65 

44 

1 9 ' 


21 

4 

19 0 1 
j 


05 to 70 

7 

1 

03 

1 26 

8 

1 

33^ i 
j 

■ 207 

70 to 76 

8 

03 . 

L 

6 

1 

20 0 J 


Totals 

2 402 

100 0 

100 0 

1 ro3 

120 

72 

72 


ITio average ate of the patients when Incomplete Indirect Inffnlnal hernias were first noted 
Wfto 30 0 years 


That the incidence of recurrences should be less among Negroes than 
among white patients, 4 9 per cent as compared to 7 5 per cent, is of 
interest and possibly can be accounted for bv the fact that the average 
Negro patient has better muscular development than has the average 
white patient On the other hand the relatively small number of repairs 
done on Negro patients may not have given a true picture of the inci- 
dence of recurrence in this race 

Trauma — The accuracy of a history of definite trauma as an etio- 
'ogic factor m the development of incomplete indirect inguinal hernias 
must rest to a large degree on conjecture Unless a patient has been 


Table 2 — Age at Admission or Operation 






Number 

Number 







Followed 

of 



Age Group 

Total 

Per Cent of 

Post 

Recur- 

Per Cent 

(In Tears) 

Hernias 

Entire Group 

operatively 

rences 

Recurrences 

Oto 6 

76 

311 


62 

0 

00 1 
1 


5 to 10 

102 

4 1 ! 

17 3 

73 

0 

00 

1^ 

10 to 16 

70 

28 


49 

0 

00 


15 to 20 

179 

73 . 


125 

4 

33 1 


20 to 25 

298 

12 1 ■ 


207 

5 

24 1 

I 

25 to 30 

266 

10 8 

> 442 

172 

10 

93 

69 

30 to 35 

252 

10 2 


172 

12 

70 


35 to 40 

282 

111 


199 

19 

99 


40 to 45 

263 

10 7 1 


174 

19 

10 9 1 
1 


45 to 60 

225 

9 1 

‘ 32 9 

158 

15 

95 1 
y 92 

50 to 55 

185 

78 

■ 

129 

12 

y 6 


65 to 60 

131 

63 


94 

6 

52 1 


60 to 65 

82 

33 1 

48 

0 

12 6 1 

I 

65 to 70 

26 

1 1 

53 

9 

5 

65 5 I 

1- 200 

25 0 I 

1 

70 to 75 

17 

07 

8 

2 

75 to 80 

4 

02 


0 


1 

00 1 


80 to 85 

3 

01 


1 

0 

00 

85 to 90 

0 

00 

' 014 




90 to 95 

1 

0 04 


0 



— 

Totals 

2 462 

100 0 

100 0 

1,663 

120 

72 

72 

The average 

age at the 

time of admission 

or operation 

for Incomplete 

indirect inguinal 


hernias was 34 8 years 




Table 3 — 

-Sev 




Male 

Female 

Sev 

Total 

Hernias 

2,184 

278 

Per Cent 
of Entire 
Group 

887 

11 3 

Number 

Followed 

Postop- 

eratlvely 

1 463 

205 

umber 

of 

Recur 

rences 

110 

10 

per Cent 
Recur 
rences 

75 

Totals 


2 462 

100 0 

1663 

120 

7 ’ 


Table 4 — Race 


Race 

White 

BlucL 

Yellow 

Total 

Hernias 

2 293 

161 

o 

Per Cent 
of Entire 
Group 

93 4 

65 

0 1 

Number 

Followed 

postop 

erati\el> 

1 otO 

107 

1 

dumber 

of 

Recur 

rtnees 

lit 

b 

0 

per Cent 
Retur 
rtnce-i 

73 

5 0 

00 

» 

Totals 

2 462 

100 0 

1 U>8 

120 
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examined immediately before a certain specific trauma considered to be 
the cause of a hernia, it is impossible to tell in anv individual case whether 
the trauma was the actual cause of the hernia or only the cause of pain 
m an undiscovered preexisting hernia, with resultant disco\ery of that 
henna Also, the one definite trauma may have increased the size of 
tly preexisting hernia, so that a previously unnoticeable hernia could be 
seen 

The figures listed in table 5 are based entirely on the history as given 
by the patient It must be taken for granted that no hernia was present 
before the trauma occurred Of course, a definite number of these patients 
had either a known or an undiscovered hernia before the trauma, but 
there is no possible w^ay to eliminate them from the statistics 


Table 5 — History of Definite Trauma As an Etiologic Factor"^ 


Hifitory of Trauma Given us Cause* 

Total 

Per Cent 
of Entire 

Number 

Followed 

Postop- 

Number 

of 

Recur 

Per Cent 
Recur 

Hernias 

Group 

eratlvely 

rences 

rences 

Absent 

1 806 

733 

1 217 

95 

77 

Positive 

C50 

26 7 

461 

25 

65 

Totals 

2 462 

ICO 0 

1 063 

120 

72 


. Undoubtedly all or a major part of these hernias were present before the incidence of 
thf which served only to call the patients attention to the presence of the hernia In 

inm It la interestlntr to note that among the 30o complete (congenital) Indirect 

nf hernias studied a history of definite trauma as the etiologic factor In the development 
^ hernias was given by 20 per cent of the patients who first noted their hernias after 
ago of 16 years (Shelley H J Complete Indirect Inguinal Hernias A Study of 305 
nernias and Repairs South Surgeon 0 257 268 [April] IWO) 


Slightly over one fourth of the patients, 26 7 per cent, gave a history 
of a definite trauma as the cause of the development of their hernias 
The difference m recurrence rates, 7 7 per cent as contrasted to 5 5 per 
cent, was almost identical with that occurring between the white and 
the Negro races, possibly for much the same reason The patients who 
gS'Ve a history of trauma as the cause of their hernias w^ere on the average 
more muscular than those who did not give such a history Also, one 
would expect to find poorer tissues to work with (again, on the average) 
among patients in whom a hernia developed without definite trauma than 
among those in whom a definite trauma was required to cause the 
hernia Another factor was that hernias definitely caused by trauma 
are much oftener operated on sooner than those not falling within this 
classification, and they were on the average smaller 

SYMPTOMS 

Pain —Pam as a symptom associated with incomplete indirect 
mguinal hernias was noted in 49 7 per cent of the cases studied and was 
denied or not mentioned in 50 3 per cent 
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Except tor pain, as has been noted, the hennas were the cause ot 
symptoms m piactically none of the patients unless incarceration or 
strangulation w as present A visible bulge over the external ring or in 
the scrotum was noted in 73 3 per cent of the patients 

Diuation — The duration ot the hernias m this group ot patients as 
listed m table 7 was the interval betw^een discovery ot the henna and 
surgical repair ot the hernia or admission of the patient to the hospital 


Table 6 — Pam Associated loitli Hennas 





Per Cent 



Total 

of Entire 


Hl3tor> of Pain 

Hernias 

Group 

\bsent 


1 

o03 

Positive 


1 224 

49 7 

Totals 


2 402 

100 0 


Table 7 — Duration (Time Hernia First Noted to Time of Adinnswii 


or Operation) 


Duration 

Total 

Hernias 

Per Cent 
of Entire 
Group 

Number 

Followed 

Postop- 

eratively 

Number 

of 

Recur 

rences 

per Cent 
Re-ur 
rences 

To 1 week 

220 

90 

139 

10 

72 

71 

To 1 month 

5S9 

21 S 

351 

25 

First 0 months 

1 041 

42 3 

690 

41 

21 

59 

91 

Second 6 months 

324 

lo 1 

229 

To 1 year 

1 tabO 

554 

925 

G2 

G7 

0 to 10 years 

2 ISO 

So 0 

1 440 

95 

lo 

c 

C6 

11 0 

10 to 20 years 

217 

ss 

14o 

dS 

20 to 30 years 

71 

29 

51 

u 

1 

03 

oO to 40 years 

24 

10 

10 

i. 

2 

23 6 

40 to 50 years 

11 

04 

7 

1 

500 

50 to GO years 

GO to 70 yeare. 

1 

003 

004 

0 

X 


Totals 

2 4G2 

ICOO 

1,033 

120 

72 


Tlie average duration (i e , the time from which the hernia was first noted to 
or opt^riitlon) of the 2 402 indirect inguinal hernias was 3 9 years 


This IS not the exact figure for actual duration of the hernia m e\e 
case, but it is the closest possible approximation iMany of the 
were undoubtedly present for a considerable period before the} '' 
first disco\ered 

The greatest incidence, considering the penod co\ered, was in 
duration ot up to one w'eek, 9 per cent Likewise, the greatest inci 
for any duration ending in any one month was found in the p 

21 S per cent The same held true tor the first six months, - 
cent, and for the first year, 55 4 per cent Only 13 1 per cent o 
hernias had been noted for periods ranging from six mont is 
\ear 
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A great majority, S6 6 per cent, had been present for ten years or 
less Only 8 8 per cent had a duration of ten to twenty years, and the 
rates in the succeeding ten year periods were negligible The average 
duration was three and nine-tenths years 

Recurrences — For the hernias ot this t}pe with a duration of up to 
one month the incidence of recurrences was the same as the average for 
the entire group studied , 7 2 per cent, up to one week, and 7 1 per cent, 
up to one month Hernias with a duration of up to six months showed 
a low^er incidence ot recurrences, 5 9 per cent The rate for the second 
six month period w^as one third greater, 9 1 per cent For the first one 
year penod it was slightly less than the a\ erage, being 6 7 per cent 
With the exception of the fourth ten }ear penod, which presented a 
recurrence rate of onl> 6 3 per cent, the recurrence rate tended to 
increase with an increase m the time the hernia had been noted preoper- 
atively The last four ten year periods listed contain too few followed 
repairs to yield accurate figures for the respective recurrence rates 

PHYSICAL FINDINGS 

In a consideration of the physical factors which are of importance in 
estimation of the probability of the permanence of surgical cure of an 
incomplete indirect inguinal hernia, a number of these factors, and 
factors which are of pnmary importance, cannot be tabulated and used 
m the calculations The thickness, strength and position of the various 
structures making up the internal ring, the walls of the inguinal canal and 
the external ring fall within this category, as do the various factors 
determining the individual patient s healing power, the strength of the 
resultant scar tissue and the strain which may be thrown on the inguinal 
region subsequent to the repair, particularly by a change of occupation 
on the patient^s part or by unexpected and unusual trauma 

Size — In classifying incomplete indirect inguinal hernias as to size, 
an arbitrary classification must necessarily be chosen The one described 
later m this section was considered to be the only one into which these 
hernias could be definitely classified as to size It has two major weak- 
nesses as a measure of the condition in relation to the probability of 
recurrence In the first place, it does not give an accurate indication 
of the diameter of the weakened area through which the hernia pro- 
trudes, and m the second place, there is a considerable variation in size 
within each group listed 

These hernias were divided according to size into three groups 
Under size I were listed all hernias in which the sac lay entirely within 
the inguinal canal Under size II were placed those in which the sac pro- 
truded from the external inguinal nng but did not extend into the scro- 
tum Under size III were classified those m which the sac extended into 
the scrotum 
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The smallest number fell within size I (26 7 per cent) , the greatest 
number, size II (40 7 per cent), and the remainder (32 6 per cent), 
size III (table 8) 

Recurrences — Recurrences occurred about equally with sizes I and 
II (6 2 and 5 7 per cent respectively), with a 50 per cent increase in 
size III, the figure being 9 8 per cent 

Moftality — The mortality figures for sizes I and II were 0 27 and 
0 18 per cent, and the deaths occurred in patients without either strangu- 
lation or incarceration With size III the mortality was 1 08 per cent, 
but ot the 5 deaths making up this figure 1 occurred in a case of incar- 
cerated hernia and 2 m cases of strangulated hernia The mortality 
figure for this group, not including the 2 deaths due to strangulation o 
the hernias, was 0 65 per cent, which, although small, is still three Unies 
the average mortality rate for sizes I and II (0 22 per cent) 


Table S — Si::e 


Sl 2 e of 
Hemla* 

Size I 
Size n 
Size ni 

Totals 



Per Cent 

Number 

Number 

Per 


of 

Hollowed 

of 

Cent 

Total 

Entire 

Postop 

Recur 

Recur 

lemias 

Group 

eratively 

lences 

rences 

657 

267 

437 

27 

62 

1,003 

40 7 

682 

39 

5 7 

802 

32 6 

549 

54 

98 

2,462 

100 0 

1,668 

120 

72 


Operative Deaths 
(1926-1935) 


Per 

Cent 

Mor 

tality 


1 in 366 operations 
1 in 5i4 operations 
5 in 4G4 operations 

7 in 1 374 operations 


0 27 
OJS 
103 

0 ^ 


♦ Size I Hernias in which the sac was limited to the mguin^ can tlie 

Size II Hernias in which the sac extended beyond the externa b 
scrotum 

Size III Hernias in which the sac extended into the scrotum 


(Mortality rates were calculated only from 
in the ten year period from 1926 to 1935) 


the operations perfoniied 


BILATERAL HERNIAS 

The subject of bilateral inguinal hernias is always of interest 
of the increased possibility of recurrence when this condition is 
and also because of the necessity of making a decision as to tie a 
bility of performing the two repairs at one or at two operations 
In a consideration of this subject, those incomplete mdirerf 
hernias wdiich occurred on one side when there w’as or la 
inguinal hernia of any type on the other side w ere c ass 
bilateral hernias This could be done, as each hernia w as 
individually in making up these figures Also included un er 
incomplete indirect inguinal hernias were those which occurre 
w'ho at one time had had a single incomplete indirect 
repaired and then, later, an inguinal hernia of any type on 
side 
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Incidence — Of the 2,462 incomplete indirect inguinal hernias studied, 
only 32 7 per cent were bilateral, 67 3 per cent being unilateral The 
latter figure is made up of the figures 38 7 per cent lor the right side 
and 28 6 per cent for the left , i e , 57 per cent of the unilateral hernias 
were found on the right and 43 per cent on the left Of the total number 
of hernias studied in this group, 55 per cent were on the right side and 
45 per cent on the left 

Recurrences — The recurrence rate for all bilateral incomplete indi- 
rect inguinal hernias was 50 per cent greater than for unilateral hernias, 
the figures being 9 0 and 6 3 per cent respectively Comparison of the 
recurrence rates for the two sides showed figures essentially the same for 


Table 9 — Unilateral and Bilateral Hernias* 



Total 

Hernias 

Unilateral right 

053 

Unilateral left 

700 

Total unllaterul 

1059 

Total bilateral 

803 

Total right 

1 354 

Totallcft 

1 lOS 

Totals 

2 462 


Per Cent 
of Entire 
Group 

Number 

Followed 

Postop- 

eratlvely 

Number 

of 

Recur 

rences 

Per Oent 
Recur 
rences 

337 

037 

38 

00 

280 

473 

32 

03 

07J) 

1 110 

70 

63 

32 7 

668 

60 

90 

550 

917 

04 

70 

460 

761 

60 

75 

100 0 

1 008 

120 

72 


* AH hemlag were counted Individually Each Incomplete Indirect Inguinal hernia was con 
Bideied one of two bilateral hernias when there was or had been an inguinal hernia of any 
typo on the opposite side 

(A) Bilateral repaired separately recurrences 9 0% (on the right 57 7% on the left 
42J%) 

(B) Bilateral repaired at one operation recurrences 8.2% (on the right 45 S% on the 
left 54 2%) 

(C) Recurrences In bilateral hernias 50 (right 62% left 48%) Recurrences in unilateral 
hemlaa 70 (right 54% left 40%) 


unilateral and bilateral hernias The figures were unilateral, right 6 
per cent, left 6 8 per cent , total, right 7 per cent, left 7 5 per cent What 
little difference there was favored the right side in both instances 

Bilateral Operations — A great deal of discussion has been held as 
to the advisabihty of performing operations for the cure of bilateral 
hernias of this type m one or m two stages In a very large proportion 
of this group of cases, the decision as to whether the operations should 
be done at one or two operations was determined rather by the nature 
of the hernias and the difficulties encountered in doing a satisfactory 
repair than by the single fact that they were bilateral That this was 
^ logical point in making the decision is indicated by the fact that the 
recurrence rate was only slightly higher for bilateral hernias repaired 
by two operations than for those which were repaired at one time The 
logical conclusion is that the recurrence rate would have been even higher 
for bilateral hernias repaired at two operations had they been repaired 
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at the same time, although this conclusion cannot be proved from the 
figures That there is no greater difference m these two recurrence 
rates, even though the larger hernias and those with poorer tissues 
were included in the group done at two operations, gives suffiaent 
grounds to draw such a conclusion 

INCARCERATION AND STRANGULATION 

Incidence — These two complications were found in 7 8 per cent 
of patients with incomplete indirect inguinal hernia studied Incarcera- 
tion was present m 6 per cent and strangulation in 1 8 per cent 

Recm rences — In the absence of both of these complications the 
recurrence rate among patients followed for nine months or longer was 
6 9 per cent As compared to this figure, it was 9 8 per cent in the 
presence of incarceration and 13 3 per cent with strangulation 


Table 10 — hicai ceratwn and Strangulation 




Per Cent 
of 

Number 

Followed 

Number 

of 

Per 

Cent 

Operative Deaths 

Per 

Cent 

Strangulated or 

Total 

Entire 

Postop- 

Recur 

Recur 

taUty 

Incarcerated 

Hernias 

Group 

eratively 

rences 

rences 

(1926-1935) 

Neither 


928 

1,641 

106 

69 

4 in 1,279 operations 

031 

Incarcerated* 

147 

60 

102 

10 

98 

2 in 81 operations 

25 

Strangulated* 

44 

1 8 

30 

4 

13 2 

1 in 28 operations 

36 

Totals 

2,462 

100 0 

1,C6S 

120 

72 

7 in 1 374 operations 

051 


* Strangulation developed In 15 old Incarcerated hernias 


Moitality — In 1,279 operations for repair of incomplete indirect 
inguinal hernias with which neither incarceration nor strangulation I'as 
present, the operative mortality was 0 31 per cent In the presence of 
incarceration this figure was increased to 2 5 per cent, and in the pres- 
ence of strangulation, to 3 6 per cent That there is not more difference 
between these two figures is probably due to two factors first, that the 
incarcerated hernias included a large proportion m ■which the sac was 
very large with many adherent structures m the contents, and, second 
that in a considerable part of the strangulated hernias the strangulation 
fortunately had been present for a relatively short time Also, strangu 
lation accounted for part of the deaths of patients with incarcerate 
hernias 

RESULTS ACCORDING TO T'VPE OF REPAIR 

Major differences m technic only have been taken into account in 
the classification of these operations Six types of repair were consu er 
to differentiate the major variations as to operative technic and t lesc 
m turn ha\e been subdivided according to the suture used catgut a 
or a fascial suture plus catgut 
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The different types of repair were as follows 

Type 1 — Repair without transplantation of the cord, with catgut 
sutures only 

Type lA —Same as type 1 except that the conjoined tendon was 
sutured to the inguinal ligament with a fascial suture obtained from the 
aponeurosis of the external oblique muscle after the technic of McArthur 

Type 2 — Repair with transplantation of the cord between the con- 
joined tendon and the aponeurosis of the external oblique muscle, after 
the technic of Bassini, with catgut sutures only 

Type 2 A — Same as type 2 except that the conjoined tendon was 
sutured to the inguinal ligament with a fascial suture obtained from the 
aponeurosis of the external oblique muscle, after the technic of McArthur 

Type 2B — Same as type 2 except that a fascial suture from the 
fascia lata was used to suture the conjoined tendon to the inguinal 
ligament after the technic of Gallic 

Type 3 — Repair with transplantation of the cord between the over- 
lapped layers of the external oblique aponeurosis after the technic of 
Willys-Andrews, with catgut sutures only 

Type 3A — Same as type 3, with a suture from the aponeurosis of 
the external oblique muscle used to suture the conjoined tendon to the 
inguinal ligament after the technic of McArthur 

Type 4 — Repair with transplantation of the cord external to the 
external oblique aponeurosis, with or without overlapping of the apo- 
neurosis after the technic of Halsted, with use of catgut suture matenal 
only 

Type 4A — Same as type 4, with a fascial suture from the aponeurosis 
of the external oblique muscle used to suture the conjoined tendon to 
the inguinal ligament after the technic of McArthur 

Type 5 — Any of the aforementioned types of repair in which the 
rectus muscle or the antenor rectus sheath was sutured to the inguinal 
ligament This included no repairs in which fascial sutures were 
utilized 

Type 6 — Intra-abdominal excision of the sac without repair of the 
inguinal rings or the inguinal canal 

fn a consideration of the results obtained with these various types 
of repair, one must bear in mind that the majority of those hernias 
which presented particular difficulties as to obtaining a permanent cure 
fell in the classifications which included either a fascial suture or a 
transplantation of the rectus muscle or sheath Also, the majority of 
those hernias which presented the greatest probability of obtaining a 
permanent cure were repaired with a technic in which the cord was not 

transplanted 
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For the reasons just stated, it is not surprising that the lowest 
incidence of recurrences, 4 8 per cent, was found with type 1 Neither 
is it surprising that in this same group was found a very low incidence 
of infected wounds, 0 6 per cent, as it is the simplest type of operation, 
requiring the least manipulation and the least ligature and suture 
material The number of operations of this type m which a fascial 
suture was used was too small for the results to have any significance 


Table 11 — Classification by Type of Repair 


Per Cent 
Infections 



Total 

Per Cent 
Recur 

Per Cent 

Showing 

Recur 

Type of Repair* 

Followed 

rences 

Infectionsf 

rences t 

1 

163 

43 

06 

lOOO 

W 

3 

00 

00 


2 

972 

68 

23 

9 1 

2A 

197 

78 

47 

22 2 

2B 

2 

500 

00 


3 

37 

81 

54 

00 

3A 

1 

00 

00 


4 

179 

92 

40 

14 3 

4A 

71 

42 

56 

250 

5 

40 

17 5 

10 0 

75 0 

6 

3 

33 3 

00 


All repairs without fascial su 
tures 

1,394 

74 

3 1 


All repairs with fascial sutures 

274 

69 

47 


Totals 

1663 

72 

35 

213 


Recurrences 

Indirect Direct 

62 5 37^ 

410 590 

8 7 8U 

0 0 1000 

100 0 00 

35 7 013 

66 7 33^ 

28 6 


442 558 

26 3 73 7 


40 0 00 0 


* Type 1 Repairs without transplantation of the cord , fanHnn and 

Type lA Repairs without transplantation of the cord The conjoined t 
inguinal ligament were sutured with a fascial suture from the aponeurosis oi u 
oblique muscle , the 

Type 2 Repairs with transplantation of the cord between the conjoined tend 
aponeurosis of the external oblique muscle , ,, , ligament 

Type 2B Same as type 2 with suture of the conjoined tendon and the ingu 
with a fascial suture obtained from the fascia lata . . inrPiN of the 

Type 3 Repairs with transplantation of the cord between the overlapped ia> 
aponeurosis of the external oblique muscle ^ lleament 

Type 3A Same as type 3, with suture of the conjoined tendon to the ingu 
with a fascial suture from the aponeurosis of the external oblique muscle of 

Type 4 Repairs with transplantation of the cord external to the apone 
e' temal oblique muscle, with or without overlapping of the aponeurosis * , i 

Type 4A Same as type 4, with suture of the conjoined tendon to the ingu 
with a fascial suture from the aponeurosis of the external oblique muscle a„tiired to the 
Type 5 Repairs in which the rectus muscle or anterior rectus sheath wer 
inguinal ligament ,, at the 

Type 0 Repairs which consisted solely of the Intra abdominal excision oi 
time of some other abdominal operation . > rpnnirs in 

t The percentages of infections were calculated on the entire acoording to 

group The percentages of infected wounds showing recurrences were caicmaieu In 

the number of recurrences found among the total Infected wounds wnicn 
the follow up of each group 


The majority of these incomplete indirect inguinal hernias 
repaired with the technic m which the cord was transplanted 
the conjoined tendon and the external oblique aponeurosis 
This IS the tjpical Bassini repair Vanous refinements were a e 
a number of cases, such as ( 1 ) careful imbncation and qj 

transversalis fascia from the pubic spine to the point o 
the cord from the abdomen, (2) vanous methods of 

of the cord at its point ot emergence from the jl,^ 

erlapping of the external oblique aponeurosis super cia 


(3) ov 
cord 
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Included in tliib group (type 2) are the general run of hernias, 
from which ha\e been removed a considerable percentage of those pre- 
senting the least and greatest difficulties in obtaining a satisfactory 
repair With this t}pe of repair the incidence of recurrences, 6 8 per 
cent, was slightU below the average for the entire group of incomplete 
indirect inguinal hernias, 7 2 per eent, and, also the incidence of infected 
wounds, 2 3 per cent, was less than the a\erage for the entire group, 
3 5 per cent Postoperative infections in the incision apparently pre- 
sented a smallei hazard as to the probabiht} of recurrence than was 
found with most of the other types of repairs Only 9 1 per cent of 
the infected wounds wxre found later to show recurrences 

When a fascial suture obtained from the external oblique aponeurosis 
was used to suture the conjoined tendon to the inguinal ligament after 
the technic of McAithur in this type of repair, the recurrence rate was 
onl}'^ 7 8 per cent This is but slightl} above that found without its use 
Included in this gioup of repairs w^ere a great proportion of those 
hernias which presented major difficulties as to obtaining a satisfactory 
repair It is not unexpected that this type of repair should show'' both 
an increased percentage of infected wounds, 4 7 per cent and an increased 
recurrence rate in those repairs which were infected, 22 2 per cent The 
number in which a suture from the fascia lata was utilized was too small 
to present evidence for or against the use of this technic 

In those repairs (type 3) m which the cord was transplanted between 
the layers of the overlapped external oblique aponeurosis after the 
Willys- Andrews technic, the number of patients followed was too small 
to yield conclusive figures In the small group, however, both the 
recurrence rate, 8 1 per cent, and the proportion of infected wounds, 

5 4 per cent, were greater than the corresponding figures for the Bassini 
type of repair In only 1 followed case was this type of repair per- 
formed with the use of a fascial suture from the external oblique 
aponeurosis to unite the conjoined tendon to the inguinal ligament 

The group in which the cord was transplanted superficial to the 
external oblique aponeurosis (type 4) included a somewhat greater 
percentage of difficult repairs than did the Bassini group Whether or 
not this factor was of sufficient importance to account for an increase 
of one third in the recurrence rate, 9 2 per cent as compared to 6 8 
por cent, there is no way of proving from the information available in 
the various patients’ charts The difference is great enough to sug- 
gest that the Bassini type of repair gives somewhat better results 

The incidence of infected wounds, 4 per cent and the incidence of 
recurrence, 14 3 per cent, after infection were both greater than the 
corresponding figures for the Bassini t>pe of repair 

When the McArthur technic was added to this tvpe of operation 
the recurrence rate 4 2 per cent became less than 50 per cent of that 
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obtained without its use and also one third less than that obtained with 
the Bassim type of repair The number of patients followed was too 
small for these figures to be conclusive, but the data would indicate 
that this type of repair was satisfactory 

Although only 40 patients were followed m whom a rectus transplan- 
tation (type 5) was done, the recurrence rate of 17 5 per cent showed 
this to have been an unsatisfactoiy type of repair The large incidence 
of infected wounds, 10 per cent, and recurrences in 75 per cent of these 
infected incisions, would cause one to arrive at the same conclusion 
Intra-abdominal excision of the sac (type 6) was performed in three 
instances in the course of some other abdominal operation In none of 
these was any attempt made to repair the inguinal canal It is inter- 
esting to note that but 1 patient showed a recurrence in the period 
covered by the follow-up examinations 

The group containing all repairs m which a fascial suture was utilized 
was made up largely of those hernias which presented particular diffi- 
culties m obtaining a satisfactory repair Consequently, it is most 
interesting that the recurrence rate, 6 9 per cent, should be the same 
as that observed with the Bassini type of repair, in which group a 
materially smaller percentage of difficult repairs was included The 
incidence of infected wounds, 4 7 per cent, was twice that found m the 


group treated with the Bassim type of repair 

For the entire group followed, the recurrences after the repair of 
incomplete indirect inguinal hernias were indirect, 40 per cent, and 
direct, 60 per cent The variations from these figures according to 
the type of repair are interesting, but the numbers of recurrences m 
each group were too small to justify an appraisal of each type of repair 
by the fact that a majority of the recurrences were either direct or 
indirect 


POSTOPERATIVE COMPLICATIONS 

There were 246 postofierative complications following the 2,337 
repairs, or 10 4 per cent The recurrence rate, 8 8 per cent, m these 
complicated cases was slightly above the average for the entire group, 
7 2 per cent 

Wound infection, which developed in 3 5 per cent of the operah 
wounds, was the most frequent complication (unless all respirator} 
complications were grouped together) and acute bronchitis the ne\t u 
frequency, w ith an incidence of 3 2 per cent Pneumonia, if 
pneumonia and bronchopneumonia are grouped together, was > 
with an incidence of 1 8 per cent Pulmonary atelectasis had an ni^^ 
dence of 0 56 pier cent and a mortality rate of 7 6 per cent The var 
ether (less common) complications are listed m table 12 

Respiratory complications (table 13) developed after 7 3 per 
of the operations Of these, acute bronchitis occurred with the gre 
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Table \2 —Postoperative Respiratory Compheatwns 
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frequency, 3 2 per cent Following that came, in order, the common 
cold, 0 94 per cent , bronchopneumonia, 0 90 per cent , lobar pneumonia, 
0 77 per cent, and pulmonary atelectabis, 0 56 per cent 

The recurrence rate for the entire group ot respiratory complica- 
tions was 9 2 per cent, essentially the same as that found for the total 
complicated cases 

Circulatory complications developed after 2 8 per cent of the opera- 
tions (table 14) Hematomas, 2 per cent, pulmonary embolus, 0 38 
per cent, and deep phlebitis, 0 20 per cent, accounted for the majority 
of these complications The recurrence rate of 7 4 per cent was the 
same as for the entire group of repairs and was less than was associated 
with respiratory complications 

Table 15--DcotJts (1926-193o) 


Opera 

tivo 

Deaths t 

Hernia 
Datlent s Strunpu 
Age lated 

Duration 

of 

Strangu 

lutlon 

Rcsec 

tion 

Required 

rime of 
Death 
After 
Operation 

Cause of Death 

I 

30 




2S hours 

Delirium tremens myocardial 
failure 

2 

42 

No 



2 days 

Bronchopneumonia mitral stenosis 

3 

43 

No 



45 days 

Atelectasis of right lung abscess 
of upper lobe of right lung 

4 

53 

No 



14 days 

Lobar pneumonia pericarditis 

5 

60 

Yes 

4 du}s 

No 

lo days 

Pulmonary Infarct myocardial 
failure 

0 

03 

No 



30 hours 

Cerebral hemorrhage 

7 GO 

Nonoperatlve 

Deaths 

Yes 

4 du> *5 

No 

0 days 

Lobar pneumonia 

1* 

05 

Yes 

4 du>B 

Patient moribund 
too lU for operation 

Intestinal obstruction 


* ^Is patient also had a hernia on the opposite side 
T seven deaths In l 374 operations — mortaUty rate 0 51 per cent 


OPERATIVE MORTALITY 

Listed m table 15 are the postoperative deaths and 1 death of a 
patient with a strangulated hernia who arrived at the hospital moribund 
and was not operated on The mortality figures are based on the 
1,374 repairs done m the ten year period 1926 to 1935 inclusive 

The total mortality was 0 51 per cent For hernias without incar- 
ceration or strangulation the mortality rate was 0 32 per cent , m the 
presence of incarceration, the rate was 2 5 per cent and with strangula- 
tion it was 3 6 per cent (table 10) 

FOLLOW-UP DATA 

Of the 2,462 patients studied 125 were not operated on, and the 
hernias of 2,337 were repaired by operation Of the latter, 364 did 
not return for follow-up examination Among the 1,973 ^^ho did return 
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for follow-up examination, 120 were found to have a recurrence The 
average length of follow-up time was thirty-one months for all patients 
followed 

However, a follow-up period of less than nine months was con- 
sidered too brief, so that for purposes of study only those patients 
observed over a postoperative period of nine months or longer were 


Table 16 — hoUozv-np Data 


(A) 

Total number of hernias studied 

Total with no operation 

Total operations 

Total operative deaths 

Total with no follow up examination 

Total with follow up under 9 months — no recurrence 

Total with follow up 9 months and over (including recurrences) 

Average followup time — all cases followed 9 months and over 

Total recurrences 

Average time recurrences were first noted postoperatively 
Percentage of recurrences with follow up of 9 months and over 


2 462 
125 
2 337 
7 
364 
305 
1,668 

36 months 
120 

32 2 months 
72 


Total number of operations examined postoperatively 
\verage follow up time for all followed cases 
Total recurrences 

Percentage of recurrences for all followed cases 
Recurrences Indirect, 40 per cent direct, CO per cent 


1973 

31 months 
120 
Cl 




(B) 




Percentage 

Total 


Total 

of All 

Length of 

Operations 

Followed 

Recurrences 

PoUow Up Time * 

Followed 

Operations 

Discovered 

Under 9 months 

340 

17 5 

35 

9 months to 1 >ear 

220 

11 1 

17 

Under 1 year 

500 

28 0 

62 

1 to 2 years 

495 

24 9 

27 

2 to 3 years t 

557 

281 

14 

3 to 5 years X 

107 

53 

6 

5 to 10 years 

150 

76 

13 

10 to 15 years 

07 

34 

6 

15 to 22 years 

37 

1 9 

3 

Totals 

1 973 

100 0 

120 


Percentage 
of Total 
Recurrences 

297 
14 4 

44 1 
229 
117 
5 1 

no 

4 2 
2 5 

100 0 


Recurrence 

percentage 

for Group 

10 3 
79 

9o 

60 

26 

67 

90 

76 

75 

01 


Cases included onlj when the period of follow up time was ended by 
again for examination or by the discovery of a recurrence nneratlon 

t One third of the recurrences were discovered 2 years or longer alter i rep®^ 

X Nearly one fourth of the recurrences \\ere disco\ered 3 jears or long 
was done 


1 668 

included in the figures throughout the study This included 
hernia repairs with an average follow-up period of thirty-six m ^ 
and a recurrence rate of 7 2 per cent The average time 
at which recurrences were discovered was thirty-two and two 
months, with the shortest time immediately after the operation 
the longest time nineteen years ^ . 

Nearl} one third (29 7 per cent) of the recurrences were 
under nine months postoperatively , 44 1 per cent m the ^ 

22 9 per cent in the second >ear, 11 7 per cent m the thir 
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per cent in the fourth and hfth years 1 1 per cent from the fifth to the 
tenth year, 4 2 per cent from the tenth to fifteenth ^ear, and 2 5 per 
cent after the fifteenth )ear 

Of the 120 recurrences following repair of incomplete indirect 
inguinal hernias, 40 per cent were indirect and 60 per cent were direct 


DURATION OF POSTOPER \TIVh HOSPITALIZATION 


The question has often arisen as to the possihilitv of decreasing the 
incidence of recurrence following hernia repairs bv increasing the dura- 
tion of postoperative hospitalization Such a procedure, if proved of 
value, would add little to the economic lo'^s of wage-earning patients, 
as they would still return to their work in the same length of time The 
added cost of hospitalization would have to be balanced against the value 
of the decreased liability to the de\ elopment of recurrences 

Patients without complications who were kept in the hospital for more 
than the customary eleven to fitteen days were, in the majority of 
instances, patients whose hernias presented the greatest hkelihood of 
recurrence A certain proportion, but a much smaller one than that just 
under discussion, remained in the hospital for a longer period for one 
of the two following reasons In the case of bilateral hernias repaired 
at two operations but wnth one admission to the hospital, the hernia 
repaired first automatically called for a longer postoperative hospitaliza- 
tion than the second repair (by between ten and fifteen days) Without 
taking into consideration the length of postoperative hospitalization 
repair of bilateral hernias in this group was followed by a recurrence 
rate of 9 per cent, as compared to 6 3 per cent for unilateral hernias The 
second group is made up of those cases in which bilateral repair was 
done at one operation and some local complication developed in one 
repair, necessitating an increased length of hospitalization and thereby 
also increasing the time of hospitalization for the uncomplicated repair 
For the results to have an} value m determining the effect of 
increased hospitalization in decreasing the recurrence rate, the compli- 
cated cases must be eliminated 


Table 17 lists the findings in this study The last three lines give 
the pertinent results The more detailed figures in the upper part of the 
table are given to show that the figures in the three low^er divisions are 
not thrown off by unfair inclusions 

The number of repairs for wdiich the patient’s were hospitalized post- 
Dperatively for less than eleven days is too small for the recurrence rate 
to have a comparative value They are listed separately, as it was not 
considered fair to include them in the list with the ordinary length of 

hospitalization 

The recurrence rate for the 1 110 repairs without postoperative 
complications in wdiich the patients were kept in the hospital for eleven to 
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sixteen days was 7 per cent For the 334 repairs without postoperative 
coniphcations in which the patients were kept in the hospital tor more 
than fifteen days the recurrence rate was 4 5 per cent The ordmar}' 
length of postoperative hospitalization is found to carry a recurrence 
expectancy 55 5 per cent greater than that noted when this penod is 
more than fifteen days This is particularly noteworthy when one con- 
siders that this group of repairs is made up largely of hernias with which 
otherwise an increased incidence of recurrence would have been expected 


CONCLUSIONS AND COMMENT 

1 From this study it is apparent that, to aid in keeping the recur- 
rence rate low after operative repair of incomplete indirect inguinal 


Table 17 — Time Patients Were Kept in the Hospital After Operative Repair 


Postoperative, 
Time in 
Hospital 

Total 

Operations 


Without 

Postoperative 

Complications 

With 

Postoperat ve 
Complications 

^ — 

Number 

Recur 

Per Cent 
Recur 

r 

Number 

Recur 

Per Cent 
Recur 

r 

Number Recur 

Per Cent 
Recur 
rences 

Hays 

Followed 

rences 

rences 

Followed 

rences 

rences 

Followed rences 

2 to 11 

13 

1 

7 7 

12 

1 

84 

1 

0 

00 

333 

5 6* 

2 4* 

5 6* 
20 0 

12 0 

11 to 13 

99 

7 

7 1 

90 

6 

63 

3 

1 

13 

265 

14 

53 

247 

13 

63 

18 

1 

14 

680 

41 

7 1 

538 

40 

74 

42 

1 

15 

247 

20 

8 1 

229 

19 

83 

18 

1 

16 to 22 

386 

30 

7 8 

306 

14 

46 

80 

16 

22 and over 

78 

7 

90 

28 

1 

36 

60 

6 

(over 3 weeks) 

Under 11 

13 

1 

7 7 

12 

1 

S 4 

1 

0 

00 

5 0* 

10 9 

11 to 16 

1,191 

82 

70 

1 110 

78 

70 

81 

4 

More than 15 

464 

37 

SO 

334 

15 

45 

130 

22 

Totals 

1 663 

120 

72 

1,456 

94 

66 

212 

26 

12.3 


* These patients were mostly children and the complications chiefly minor 


hernias, the operations should be performed soon after the appearance 
ot the hernia This is borne out by the figures showing an absence o 
recurrence in the first fifteen years of life and by a very low figure 
the next ten years of life, with an increasing rate for the greater ages 
(tables 1, 2 and 7) Also, when the hernia was permitted to remt 
sufficiently long for it to become scrotal, the incidence of recurrences 
increased by 50 per cent, and the mortality rate became five times 
greater than when the hernias were smaller 

2 The question as to whether bilateral hernias should be 
at one operation or two cannot be answered conclusively by tlie 
shown in table 9 Since the recurrence rate for operations done 
stages was only slightly greater than that for those done at one 
the conclusion is probably justified that the larger and more 
bilateral hernias should be repaired in tw^o operations This ^ 

IS made because m the cases studied this was largeh done 
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slight increabc in the recurrence rate was found, although the majority 
of hennas operated on in two stages were certainly associated with a 
greater expectation of recurrence than those repaired at one operation 

However, as in deciding on the length of time a patient should be 
kept in the hospital after the operation, the economic factor must 
necessarily be taken into account The patient^s ability to pay for two 
periods of hospitalization instead of one and to be away from work 
for two periods instead of one should probably be the determining 
factor unless both hernias present unusual obstacles to the performance 
of a satisfactory repair In this case the repairs should be performed 
at two operations, preferably with two separate admissions to the 
hospital 

For those bilateral hernias which must of necessity be repaired at 
one operation, an extended stay in bed will to a certain degree limit 
the expected increase in the recurrence rate 

3 Both incarceration and strangulation increase the expectation of 
recurrence by 30 to 100 per cent and give mortality rates eight and 
eleven times greater respectively It is obvious that incomplete indirect 
inguinal hernias should be operated on early, before either of these 
complications develops 

4 Meticulous care should be used in the performance of the opera- 
tion to prevent wound infection and hematomas, particularly since the 
former gives a recurrence rate three times the average for the entire 
group (table 12) 

Pulmonary and circulatory complications can be kept at a minimum 
by careful administration of a properly selected anesthetic, maintenance 
of passive and active motion of the patient’s muscles and frequent 
changes of the patient’s position in bed postoperatively Rigid refusal 
to operate on patients having even the slightest evidence of a common 
cold will aid materially m the reduction of respiratory complications 
These points are all very important, as both the mortality rate and the 
recurrence rate are increased by respiratory complications, and circula- 
tory complications increase mortality (tables 13 and 14) 

5 The type of repair must be chosen for each individual hernia 
There are so many factors involved that, because in a set of figures 
such as those given in table 11 one type of operation results in a low 
recurrence rate, it would be irrational to conclude that this type of 
repair should be applied to all hernias 

(tt) These figures justify the statement that adding suture of the 
rectus muscle or of the anterior sheath of the rectus muscle to any 
type of repair of an incomplete indirect inguinal hernia is not a satis- 
factory procedure 

(^) Probably transplantation of the cord external to the external 
oblique aponeurosis does not give as satisfactorv results as does the 
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Bassini type of tiaubplanUitioii JlowL\er, the posbihle inclusion of a 
greater percentage of clilTiLult lepairs in thib group may have accounted 
for the mciease in the reeiirrenee late of nearly 50 per cent 

(c) The figuies obtained would indicate that the Willys-Andrews 
type of repaii is an unneccbsar} addition to the required operative 
manipulation, although the numbei of cabOb m thib group was too small 
to give definite proof 

((/) For the largei heiniab, toi thobe m patients with poor struc- 
tures and when there ib a definite direct weaknebb, the figures indicate 
definitely that the use of a labcial buture alter the technic of McArthur 
gives a slightly low'er recurrence rate than that observed without its 
use 111 a group ot hernias m which supposedly a lower recurrence rate 
IS more readily obtained 

6 In all cases m which the patient s hnancial circumstances permit, 
hospitalization for a minimum of sixteen days wull be repaid bv a 
decrease m the expected rate ot recurrence With hernias which are 
large or bilateral or which present other tactors increasing the expec 
tancy of recurrence, a minimum period ot three weeks’ hospitahzation 
should be provided for 


REPAIR OF INCOMPLETE INDIRECT IXGUIN \L HERNIAS 

The opinions about to be expressed are the result ot the findings 
in this study and observations made in my own experience, com nie 
with those points I have been able to glean from the opinions of ot 
surgeons with more extensive experience in this type of surgical pracUce 
The first and most important point is that each hernia an 
patient must be considered individually The many possible com m^^ 
tions of the many factors involved make it impossible to outline o^^ 
method of treating all hernias of this type or even a few set plans to cov 
this type of hernias as divided into a few broadly inclusive 

A few general points m the technic must be applied to all opera 
Among these are careful preparation of the skin , refusal to pro 
with the operation when the skin is macerated or roughened or pre 
any evidence of infection , clean, careful dissection with the Clamps 
trauma to the tissues, inclusion of the least possible tissue ^ ^lolete 
and ligatures when bleeding vessels are grasped, careful an co 
hemostasis, so obtained that later bleeding is impossible, 
sutures with only sufficient tension to obtain approximation, an ^ 
closure of the entire wound so that no dead spaces gPin 

includes avoidance of closing the wound when the edges o 
are raised, thereby leaving air enclosed in the wound) 

I am convinced from my own experience and by the ‘’^^jjgature 
by various authors that the use of fine silk for suture an ^ ^gchnic 
material throughout the operation is a valuable addition to 
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of hernia repair Thib gives a wound that heals cleanly, without reac- 
tion in or about it Silk of the finest size which will prove adequate 
should be used for ligatures and sutures All sutures should be inter- 
rupted The knots should be carefully placed and the ends cut as short 
as safety will permit 

When the cord is larger than normal, it should be reduced in 
diameter at the point of emergence from the internal inguinal ring by 
incising part or all of the fibers of the cremasteric muscle In partic- 
ularly difficult closures in the region ot the internal ring, a worth 
while procedure is separation of the vas and the vessels of the cord 
so that their points of exit from between the approximated conjoined 
tendon and inguinal ligament are separated b} two or three sutures, 
as described by Torek 

A very important point is division ot a small branch of the deep 
epigastric artery, which enters the cord Its division facilitates the 
formation of a suitably small internal ring 

I am convinced that the formation of a smooth floor between the 
prepentoneal fat and the suture line uniting the conjoined tendon to 
the inguinal ligament will reduce the tendency to recurrence This 
IS obtained by placing a row of interrupted sutures from the pubic 
spine to the medial side of the internal ring In the medial two thirds 
or three fourths of the wound this suture imbricates the loose trans- 
versahs fascia so that the inferior edge of the conjoined tendon is 
approximated to the shelving portion of the inguinal ligament In the 
upper one third or one fourth of the inguinal canal it approximates the 
edges of the transversalis fascia, which were opened when the branch 
from the deep epigastric artery was cut In this area, this fascia in 
addition is imbricated sufficiently to bring over the retracted inferior 
edge of the conjoined tendon as was done in the lower portion of the 
inguinal canal 

The interrupted sutures approximating the conjoined tendon to the 
inguinal ligament are placed but not tied m turn, from below upward 
to the site of the internal ring The first suture is placed so that it 
includes the attachment of these two structures to the pubis and is intro- 
duced at right angles to their fibers Each suture is then placed suffi- 
ciently close to the one below so that adequate and close approximation 
Will be obtained between these two structures 

For several years I have made a practice of placing the highest 
suture (below and medial to the new internal ring) so that it includes 
only muscle above and below the point of exit of the cord When it 
IS tied, the entire internal ring is made up of muscle As a result, 

closure about the cord mav be done firmly Since this method has 
been used, no recurrences at this site and no s\\ ollen testicles have been 
noted 
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One or two sutures may be placed abo\c the internal ring but 
probabl} ba\e no \alue in the ultimate outcome of the repair unless, in 
the operatne procedure, the attachment of the internal oblique muscle 
and inguinal ligament wms separated aho\c the internal ring 

These sutures are then tied with only sufficient tension to approxi- 
mate the conjoined tendon to the inguinal ligament 

A new external ring is tormed by approximating the edges of the 
external oblique aponeurosis at a point helow”^ where this aponeurosis 
w^as originally incised This point is chosen to make the size of the 
external ring such that it will admit the tip of the operator’s little finger 
beside the cord Before this first suture is tied, the cord is pulled 
downward until it lies in a straight line in the new inguinal canal The 
remaining edges of the external oblique aponeurosis are then approxi- 
mated by interrupted sutures from below' upw'ard I have used this 
method of closure for several years, because it facilitates greatly the 
formation of the new' external ring and closure of the external oblique 
aponeurosis 

The subcutaneous tissue is approximated by the use ot interrupted 
sutures which include only a small bit of the cut deep fascia on each 
side of the incision The skin may be closed by whatever techmc the 
individual operator prefers, but Michel clips have given the most satis- 
factory scars in my experience 

As to variations from the technic which has just been described, m 
order to fit the needs of the different individual repairs a wide expenence 
IS of the greatest value, provided the surgeon has faced the various 
problems with an open mind and observ'ed carefully the results obtained 
in the several manipulations with which attempts have been made to 
meet those problems 

Undoubtedly, if repairs without transplantation of the cord are to 
be done, they should be reserved for the repair of hernia in young chi 
dren, m whom the internal ring is small preoperatively, the muscular 
and fascial structures are well developed and strong and no weakness 
of the posterior wall of the inguinal canal is present 

Whether or not transplantation of the cord external to the externa 
oblique aponeurosis is a worth while procedure is at least a questiona e 
point It causes loss of the normal obliquity of the inguinal canal an^ 
prevents to a large degree the normal action of the abdominal muse e 
in protecting the inguinal area from the results of forces applied 
within the abdomen The figures in this study would at least sugo 
that It IS a procedure which does not give added support to the repair 
and possibly results in a weaker inguinal region I believe de n 
that the formation of a new inguinal canal external to one of two 
of an overlapped external oblique aponeurosis results in a weaker re 
than does the Bassini repair 
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111 the experience at St Luke^s Hospital, the use of fascial sutures 
in the more difficult repairs of incomplete indirect inguinal hernias 
appears to be a worth while procedure Great care in the proper 
insertion and anchoring of this type of suture is important Maintenance 
of asepsis, care in handling of tissues, hemostasis, avoidance of tension 
on the sutures, particular care not to damage the inguinal ligament and 
staggering of the successive point of entrance of the suture into and 
points of exit from the inguinal ligament are necessary if satisfactory 
results are to be obtained I feel that it is very important to anchor 
each successive suture both to the conjoined tendon and to the inguinal 
ligament with a fine silk suture Each fixation suture should include, 
in turn, a bit of the structure through which the fascial suture passes, 
the entire thickness of the fascial suture and again, on the opposite side, 
the structure through which the fascial suture passes This effectively 
closes the hole made by the needle in introducing the fascial sutures 
at the same time that the suture is anchored 

If this fascial suture is to extend above the internal nng, it should 
pass the point of exit of the cord on the same side as the inguinal liga- 
ment, so that the internal nng will be made up entirely of the actual 
muscle of the internal oblique and transversalis muscles 

This fascial suture formed by a strip of the external oblique apo- 
neurosis will be found satisfactory for practically all of the types of 
hernia under discussion However, an occasional hernia, with an 
enormous internal ring with poor internal oblique and transversalis 
muscles or with a very wide weakened area in the posterior wall of 
the inguinal canal and inadequate muscles, may require for satisfactory 
repair the use of a fascial suture obtained from the fascia lata 

Various authors have advocated replacement of fascial sutures by 
a silk technic This, m my experience, is satisfactory in some cases, 
but I feel that better results will be obtained by adding the use of a 
fascial suture to the silk technic in the more difficult repairs Silk 
technic with and without fascial sutures has been used for too short 
a time at St Luke’s Hospital for figures to be available to demonstrate 
by follow-up results the value of this technic and to determine whether 
It is advisable to give up entirely the use of fascial sutures, as has been 
^^^gested by some authors 

1213 Medical Arts Building 
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In a recent article we dibcubsed the etiologic, pathogenic and 
pathologic aspects ot the cerebral complications ot surgical operation 
We have included among the cerebral complications many of the 
spectacular “anesthetic deaths” and postoperatue hemiplegias, as well 
as the less spectacular but equally tragic postoperative confusional 
states, psychoses prolonged comas and convulsions In all, 21 cases of 
fatal cerebral complications were reported, with autopsy observations 
in each case 

Such cerebral complications are not, howe\ er, invariably fatal 
Indeed, it seems certain that many more patients recover than die, 
although not all recover without residual stigmas However, in order to 
establish the etiologic factors in certain types of postoperative cerebral 
complications it was thought imperative to use only cases in which 
careful postmortem examinations had been made 

Thus we have been able to demonstrate that most types of post 
operative cerebral complications may occur as a result of cere ra 
anoxia In the cases studied by us, anoxia was usually secondary to 
an acute general circulatory collapse precipitated by administration 
an anesthetic plus the trauma of operation in patients whose margin 
of circulatory reserve had been reduced In many cases the presence 
such a preexisting chronic circulatory insufficiency was unsuspec e 
either by the patient or his physician, but histologic observations in t 
vital organs were interpreted as evidence of such a disturbance 
While the cerebral changes m our cases appealed to be the 
of anoxia operating through general circulatory msufficienc>, it 
evident that such anoxia may be produced by various mechanisms 
that more than one mechanism may be present m a given case 

From the Department of Thoracic Surgery and the Division of Neuropath 
the Laboratones, Philadelphia General Hospital Surgical 

1 Behrend, A , and Riggs, H E Cerebral Complications 
Operation I Etiology and Pathology, Arch Surg 40 24-42 (Jan ) 
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Barcrott ” and othcrb have stated there are four main types of anoxia 
The hrst is stagnant anoxia, in which, because of slowing of the blood 
current, tissue asphyxia occurs The second is anemic anoxia, which 
occurs when the hemoglobin content of the blood is too low to allow 
sufficient OX} gen to be carried to the tissues The third is histotoxie 
anoxia, which occurs when the cells are so damaged as to be unable 
to utilize oxygen \ common cause of this condition is the over- 
cnthusiastic use of morphine, barbiturates, anesthetic drugs or alcohol 
The fourth is anoxic anoxia, which ma} occur throughout the body 
as a result of an insufficiency of the available supply of inspired oxygen 
or locally as the sequel of trauma, acute inflammation or gas gangrene 
On the basis of such physiologic concepts it is evident that anoxia plays 
a role in man} medical and surgical conditions 

ORGANIC HEART DISEASE 

The integrity of the brain is dependent on the efficiency of the general 
circulation The cells of the brain are the most highly differentiated of 
the body and not only require more oxygen than do the others but are 
the first to show the effects of lack of oxygen Thus, while every organ 
suffers under the stress of anoxia, damage to brain cells may be 
irreversible, and the symptoms referable to the brain are the most 
spectacular It is apparent that any pathologic process affecting the 
heart or the blood vessels which results in a reduction of adequate blood 
flow to the cerebrum may contribute to the production of cerebral 
complications 

It would appear, then, that cardiocirculatory disorders would them- 
selves play an important if not an essential role in predisposing to 
postoperative cerebral accidents This fact we have been able to confirm 
Of the 21 patients in the cases previously reported, 76 per cent showed 
postmortem evidence of an organic cardiocirculatory lesion existing 
prior to operation It is important to emphasize that the degree of 
cardiac decompensation need not be severe Nevertheless, any situation 
which impairs the integrity of the myocardium and the vascular s\stem 
inay produce a mild state of chronic tissue asphyxia Owing to the 
adaptability of the organism such conditions ma} produce no clinical 
sign under ideal conditions But when an organism so damaged is 
subjected to the stress of an added acute anoxia, its ability to withstand 
such stress may be impaired, and irreparable damage mav result 

ANEMIAS 

Severe anemias either acute (hemorrhagic) or chronic predispose 
to cerebral accidents Yet it frequenth becomes necessary to operate 

2 Barcroft J Anoxaemia Lancet 2 485-489 (Sept 4) 1920 
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on anemic patients 1 he added ribki of operation in such cases can 
hardly be o\eremphasued Chronic anemias in time produce myocardial 
damage Under such circumstances, the ability of the heart to supply 
a sufficient blood flow to the cerebrum must be impaired In addition, 
the amount of hemoglobin a\ailable to carry oxygen to the brain is 
materially reduced In these circumstances the brain suffers a chronic 
depletion m the normally high amount of oxygen required to carry on 
its vital functions While in ordinary circumstances no clinical evidence 
of resultant damage is apparent, chronic degenerative changes are 
commonly observed in the brain at postmortem examination Under 
conditions requiring operation, when the blood pressure is frequently 
lowered, when additional blood is lost and uhen an anesthetic is 
administered which may further deplete the oxygen content of the 
blood, the acute changes superimposed on the preexisting chronic 
damage may be sufficient to cause cellular injury 

Recently our attention was called to the case of a young woman 
who was brought to a hospital in another city, having suffered severe 
loss of blood as a result of an incomplete abortion Shortly after her 
admission to the hospital, curettement was performed with the patient 
under nitrogen monoxide and oxygen anesthesia When the mask was 
removed the patient had a convulsion, and artificial respiration had to 
be instituted After six weeks of vegetative existence she died of 
terminal bronchopneumonia Nothing grossl} abnormal was observed 
on examination of the brain and viscera except the aforementioned 
pneumonia Microscopic examination of the brain might have revealed 
areas of cellular degeneration 

The dangers inherent m operating on patients with a severe degree 
of anemia canont be overemphasized, and obviously the fact that the 
operation is of a minor nature and the anesthesia of short duration 
cannot minimize the danger In a brain already suffering from relative 
chronic anoxia the added stress of a period of acute anoxia can produce 
irremediable damage, such as that which apparently occurred m the case 
just cited 


ANATOMIC FACTORS 

It seems highly probable as a result of our studies that anatomic 
factors can influence the quantitative supply of blood to the brain and 
so play an important part in the production of postoperative cerebral 
accidents It may be of interest to recall the work of Donaldson,^ who 

3 Donaldson, H H , and Canavan, MM A Study of the Brains of 
Scholars,! Comp Neurol 46 1-95 (Aug) 1928 Donaldson, H H ) 

Problem — m Relation to Weight and Form, Am J Psychiat 12 197-214 ( 

1932 
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earned out inobt caretul postmortem studies on the brains of Sir William 
Osier and several other scholars and compared them with those of a 
group of ordinary hospital patients -Vfter intensive study, Donaldson 
was forced to conclude that the only feature which distinguished genius 
from mediocnt} anatomicallv was the greater \ascularity of the brains 
in the former group 

As Riggs and Griffiths ^ have shown, individual variations m the 
pattern ot the vessels which arise from the circle of Willis to supply 
the two halves of the cerebrum are extremely common This may help 
to explain why m some cases ot diffuse cerebral cellular damage in our 
series the clinical S}mptoms were referred to only one side of the brain, 
as was evidenced by hemiplegia Frequently in such cases there are 
anomalies of the blood vesesls supplying the affected side In other 
words, on the side with the poorer blood supply the degree of cellular 
damage is greater 

AGE 

It might be supposed that cerebral complications are most to be 
feared in older patients Elderly patients with arteriosclerosis who 
become psychotic after an accident or an operation are common 
Impaired elasticity of the blood vessels, diminution of the vessel diameter 
and slowing of the blood current undoubtedly contribute to the 
production of these complications Yet the majority of our patients 
whose death could be traced most directl} to cerebral anoxia were 
between the ages of 20 and 50 years 

One explanation may be found in the fact that the number of 
operations performed is much greater in the age groups between 20 
and 50 years ® Furthermore, it should be recalled that the basal 
metabolic requirements of }Ounger persons are greater than those of 
persons in the older age group Consequently, any relative lack of 
oxygen will be most keenly felt by the vounger persons 

METABOLIC DISORDERS 

Cerebral complications occurring with or without operation in cases 
of severe hyperthyroidism are not uncommon Several factors may 
combine to produce the symptoms “Thyroid heart” and hypertension 
are often present The rate of blood flow is disturbed, and the circulation 
time is increased, as is the demand for oxygen Under such circum- 
stances, not only does the brain suffer but the Iner and the heart feel 
the effects of oxygen want 

^ H R, and Gnffiths J O Relation of Anomalies of Circle of 

WiUis to Cerebral Circulation Preliminary Report read at the AnnuaJ Meet- 
ing of tJ)e Amencan Association oi Neuropathologists Atlantic Cit> N J M'i> 

2 , 1938 

5 Berkson J Personal communication to the authors 
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Thyroid crisis is a condition much feared and little understood It 
nia} occur with or without operatne niters ention on the th}roid gland, 
but opciation is partieiilail}' likels to precipitate it This is readil} 
explainable because ol the additional anoxie faetors introduced by the 
operation, nainels , the adniinistration of an anesthetic, the subsequent 
loss of fluid and blood and the disturbances ot temperature regulation 
ssdneh comnionK tolloss' operation No one has es^er been able to 
calculate the oxsgen requirements ot a person in th}roid crisis, but 
thes must indeed be enormous, and the rate of tissue catabolism must 
be coi respondingls high When death occurs, the usual terminal picture 
IS marked b} spectacular hyperpyrexia, the temperature in many 
instances reaching 108 F or more It may be ot some significance that 
a similar terminal h\perp\rexia is observed m some cases ot so-called 
‘ lu er death” following cholecystectomy , for which no really adequate 


explanation has ever been ottered 

It has also been our experience that in cases m \\ hich cerebral 
complications have developed atter surgical operation the terminal 
temperature is similarly high in most cases in \\ Inch the patients do not 
die immediately^ after the operation Possibly the three conditions just 
mentioned have some connection, and at present we are undertaking 
clinical and experimental investigations in an effort to determine whether 
such a connection exists Recent work “ which indicates that 
polypeptides absorbed in the blood stream are the cause of the so-ca e 
hepatorenal symdrome may^ help to throw light on the subject 
sumably , widespread tissue anoxia can cause damage sufficient to liberate 
such large amounts of these toxic substances that the liver and kidneys 


are overwhelmed in their efforts to remove them 


SURGICAL EMERGENCIES 


Among the surgical emergencies which predispose to postoperati 
cerebral complications are shock, hemorrhage and overwhelming 
tions, such as peritonitis It may be superfluous to emphasize at 
point that m every surgical emergency each organ of the body su 
That under some conditions the brain is the most seriously 
organ has already been noted Undoubtedly there are cases m n 
the patient is m such se\ere shock or is so ill at the time he is 
the surgeon that irreparable damage has already occurred betore op 
tion IS contemplated There is, of course, little that can be done 
such patients, but we are concerned here not with these but ^\I 
cases in which further damage can be prevented if the niechanisn 
production is better understood 

4- 11 

6 St Jacques E The Hepatorenal Syndrome, J Interna o 
2 295-297 fOct ) 1939 
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•\ccording to Moon,' bhock is a circulatory deficiency, neither cardiac 
nor vasomotor in origin, characterized b} decreased blood volume, by 
decreased cardiac output (reduced volume flo\v) and by increased 
concentiation ot the blood But it matters little to which of the theories 
ot shock one subscribes Whatever the meehanism may be, and it 
doubtless \arics in dilterent cases, the result is tissue anoxia This 
anoxia is probably the most important factor tending to increase or 
perpetuate the cireulatoiy deficiency 

Shock is ah\a}s accompanied bv a fall in \enous pressure, and it 
has frequenti} been noticed that the fall in venous pressure precedes 
the fall in arterial pressure Weiss and his associates ® have been able 
to show that the peripheral collapse induced by the administration of 
sodium nitrite with the patient in the upright position can produce a 
state of shock independent of any cardiac or peripheral arterial failure 
The clinical importance of the venous side of the circulatory system has 
probably not received its just share of attention 


ANESTHESIA 


In a previous paper we expressed the opinion that postoperative 
complications aflFectmg the central nervous system might follow the use of 
any general anesthetic agent Indeed, under certain conditions cerebral 
anoxia may occur without operation or anesthesia Thus transient 
hemiplegias, confusional psychoses and even convulsions may occur in 
^ses of cardiac decompensation, diabetic acidosis or insulin shock or 
during infectious diseases We have also elsewhere warned against the 
injudicious use of barbiturates and opium derivatives before and after 
operation Recently McClure and his associates ^ have substantiated 
the soundness of this advice by a series of investigations on experimental 
animals and on patients 

In the hands of most anesthetists ether probably remains the safest 
general anesthetic agent, vet it is not without its dangers In experi 
mental animals the contractility and force of the heart beat are weakened, 
and yet a greater output of blood is demanded by the body "" Therefore 
the reserve of the heart is diminished On the other hand, when death 
occurs during ether anesthesia respiratory depression is usually note 


7 Moon, V H Shock and Related Capillary Phenomena New York, Oxford 

university Press, 1938 

S Weiss, S , Wilkins, R W , and Haynes, F W The Nature of Circulatory 
Collapse Induced by Sodium Nitrite, J Clin Investigation 16 73 84 (Jan) 1 
^ ^^IcQure, R D , Hartman, F W , Schnedori, J G , and Schelhng 
Source of Possible Complications in Surgical Ancbthesia, nn 
110 835 850 (Nov) 1939 , ^ 

Beecher, H K The Physiology of Anesthesia, New Yor , '• o'" 

'ersitj Press, 1938 
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beloie ciiculatoiy dibturhaiKe ib cliiiiLally very marked It is well also 
to beai in mind that when admmibtcrmg ether by the open drop method 
and particulaily thiough a maehme it is possible to pioduce a high 
concentration ot ether in the blood to the exelusion ot a sufficient amount 
of oxygen It is veiy piobable tliat so-ealled ‘ether convulsions^^ occur 
on the basis ot an associated ano\ia, although many theories have been 
advanced to explain such coinulsioiis 

The gieat dangei, ot eouise, so tar as lutiogen monoxide is con- 
cerned, IS the small amount of o\}gen which can be given with it while 
a satisfactory degree ot anesthesia is maintained tor prolonged operations 
It was felt at one time that nitrogen monoxide was the safest of all 
inhalation anesthetics, but this view can no longer be held with justice 
Nitrogen monoxide itselt produces no direct eftect either on the heart 
or on the medullary centers, its dangeious etteets are therefore probably 
due almost entirely to relative anoxia 

Ethylene and cycloj^ropane are iisetul gases because ot the sufficient 
supply of oxygen which can be guen with them However, they are 
inflammable and explosive Furthermoie, cyclopiopane may be 
definitely toxic to the myocardium, as is evidenced by cardiac 
arrhythmias, although, experimentally, Waters and Schmidt “ showed 
that the respiration fails before the heart fails It is true that the depth 
of respiration may be greatly diminished during cyclopropane anesthesia, 
possibly because of the high concentration ot oxygen which can be 
given with the anesthetic gas This may have its advantages for the 
surgeon, but it is not without danger to the patient If the depth of 
respiration is insufficient to effect washing out of carbon dioxide from 
the venous blood, a paradoxic asphyxia of the tissues can occur in the 
presence of an abundance of available oxygen 

Avertin with amylene hydrate is a respiratory and circulator) 
depressant Its use should always be accompanied by the administration 
of oxygen through a mask, a catheter or an intratracheal tube Some 
patients seem particularly susceptible to its action, and at present there 
appears to be no way of telling which patient will be seriously depressed 
by a dose that would have simply an analgesic eflfect on other patients 
Spinal anesthesia is increasing in popularity for general abdominal 
procedures This increasing popularity is certainly justified However, 
it should be borne m mind that spinal anesthesia can produce marked 
circulatory depression by paralysis of the nerves which control vaso 
constriction and that the anesthetic drugs may exert their effect on vita 
centers if the drug reaches too high As a result, a fall in blood pressure 
and slowing of the pulse are commonly seen during spinal anesthesia 

11 Waters R M , and Schmidt, E R Cyclopropane Anesthesia, J A ^f ^ 

103 975-983 (Sept 29) 1934 
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"1 he routine iibc of the hypodermic administration of ephedrme 
sulfate or of nco-synephnii hydrochloride and the intravenous administra- 
tion of dextrose m 5 per cent solution may prevent the fall in blood 
pressure or restore it to normal levels before any serious consequences 
result from the relative anoxia produced bv such changes 

A source of possible danger in the administration of any of the 
various gas anesthetics is faulty apparatus Every apparatus for 
administering anesthetic gases should be examined at regular and 
frequent intervals by a qualified expert The dangers of using a machine 
with a defective valve are too great to allow this possibility to be 
overlooked Such a machine may register a safe amount of oxygen flow 
while it IS delivering an insufficient supply Several tragic accidents 
have been reported as ha\ing occurred m this manner Without doubt 
many more such accidents happen, although their true nature is 
unappreciated 

NUTRITIONAL DEFICIENCIES 

Finally, we should be remiss if we failed to mention the role of 
vitamin deficiency m producing postoperative complication The 
frequency of subclmical vitamin deficiencies has recentl} been stressed 
by Holman,^- who showed that all patients who undergo elective 
operations benefit from the intensive administration of vitamins A, B, 
C and D for from forty-eight to sevent\ -two hours prior to operation and 
in the postoperative period 

In many cases nutritional deficiencies are sequels of organic disease, 
such as pyloric obstruction Probabl> more frequently they are self 
imposed as a result of fads diets ignorance or economic want In still 
other cases they are associated with chronic alcoholism Whatever the 
underlying cause, the effect is very likely to make itself felt during the 
postoperative period Vitamin B deficiencies are known to affect myo- 
cardial efficiency, and the importance of a competent myocardium has 
already been stressed Vitamin C lack increases capillary penneabihtv, 
which may predispose to shock And so, in turn, the importance of 
an adequate blood level of each of the vitamins could be shown so far 
as postoperative complications arc concerned 

CONCLL SIONS 

^fter anv presentation of the subject of cerebral complications after 
surgical operations, the statement is commonly made that such accidents 
arc very uncommon Indeed surgeons of wide experience state that 
the\ have never seen sueh complications 

12 Holman E PreopL native Precaution^ in the Prevention of Pobtoperatn t 
Pulnionarv Complications Internat Alistr Surg 68 330 1010 Surg G>ncc 

^ Obst , \pnl 1939 
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It would he easier for us to heliexe that coiuphcations of the type 
we have clcscnhul are seen all too fiequeutl) hut that the exact nature 
of the complication and the mannei ol its prodtiction ha\c not been fully 
appreciated \Vc have tried to cmphasi/c that a multitude of conditions 
may he predisixismg lactors m the production of cerebral complications 
Haldane has stated that the human body is so constituted that no single 
organ can undergo damage sa\e at the expense of the organism as a 
whole Therefore, a seemingly ummixirtant disturbance ot one system 
or one organ may assume gieat importance when the body' is subjected 
to some unusual stress, such as an operation or administration of an 
anesthetic agent 

That many moie accidents ol this type occur than has been appre- 
ciated m the past has become apparent There are many'^ surgeons who 
have encountered cerebral eomphcations following surgical operation 
and have been at a loss to explain them except on the grounds of cerebral 
embolism or thrombosis Those careful enough to examine the brains 
of patients who die have frequently^ found that no embolism or thrombosis 
could be demonstrated This left the manner of death in doubt Such 
cases are rarely^ reported m the surgical literature, hence, recognition 
of this condition as a clinical entity has been slow 

Moymhan said “Physiology, the fundamental science upon which 
medicine stands, is the meeting ground of phy^sics and chemistry m 
their application to problems of function, both normal and aberrant, lu 
man and animals ” The influence of phy^siologic processes on the resu ts 
of surgical operation has opened new fields for surgical investigation 
In recent years much has been added to surgeons’ knowledge as a res 
of such investigation, and the future will ser^ e to uncover ur 
evidence of the importance of this correlation 

13 Haldane, J S Respiration, New Haven, Conn , Yale University P 
1922 

14 Moynihan, EGA The Advance of Medicine, New York, Oxford 
versity Press 1932 



PREOPERATIVE DIAGNOSIS OF TORSION OF 
THE PEDICLE OF THE SPLEEN 

REPORT OF A CASE WITH SPLENECTOMY FOLLOWED 
BY RECOVERY 

C ROMITI, M D 

Surgeon, Colonna House Nursing Home , Consulting Surgeon, ^Mackenzie 
Hospital, Demerara Bauxite Co , Honorary Consulting 
Surgeon, Colonial Hospital 

GEORGETOWN, BRITISH GUIANA 

The following case is worthy of being recorded on account of its 
rarity and the clinical features that led to a correct preoperative diagnosis 

REPORT OF CASE 

Dons D , an East Indian girl aged 16 years, was admitted to the Colonna House 
Nursing Home on the evemng of Sept 8, 1938, with severe abdominal pain, 
intestinal obstruction and a visible tumor in the lower part of the abdomen 

She had had an attack of fever, similar to previous known attacks of malana, 
which began at midday on August 3, five days before admission Later m the 
same afternoon, without any apparent cause, she felt a pain in the right iliac fossa, 
at first mild but quickly becoming severe The pain soon spread all over the 
abdomen At about the time of onset of the pain she noticed a mass in the 
lower part of the abdomen, more prominent in the hypogastric region, which had 
not previously been tliere The bowels moved during the day 

As she lived in a distant country district (Canje, County of Berbice), no 
medical advice was taken, and she was treated witli home remedies On the 
following day (August 4), she still had slight fever and vomited any food taken 
The pain was still severe, the bowels moved On August 5 the fe\er and vomiting 
had stopped Severe abdominal pam continued The bowels moved twice dunng 
the day Similar conditions held on tlie next day, August 6 From this day on 
the bowels did not act, and the abdomen began to be slightly distended On 
August 7 and 8, up to the time of her admission to the nursing home, the patient 
continued to suffer from very se\ere abdominal pain, there was absolute consti- 
pation, but no vomiting or retention of urine Her general condition had been 
steadily deteriorating 

In the past history there was nothing of note apart from repeated attacks 
of malaria o\cr a period of >ears The patient stated that for a long time she 
had had a large spleen, which she had been able to feel through the abdominal 
wall, in the left h>pochondrium 

Her menstrual historj had always been normal (duration, three da>s c>cle 
Iwentj eight da>s) Her last regular period had been in the last week of \fa> 
1938, She was about two and a half months pregnant The pregnanc> was the 
lirst siuee her marriage 
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movemenf ^loclcratclv and uniformK distended, no active penstaltic 

IZ T -. H ' 'P"'-'' »' "'a aWomcn ... 

as the I ^ Upper limit in tlie inidlme reaching as high 

the r^-cf r ./ I pcrclibbioit note over the tumor was completely dull, o\er 
he e\fr 1 ^ I <^tnen it was resonant On palpation the tumor was found to 

urjjc c ^Iio'ved no signs ot softening or fluctuation, its surface 

. , edges rounded The tumor was slightly movable Irom side 

to side, any attempt to move it up or down caused great pain 

verv ^ umbilicus the abdomen was tender, and palpation of the tumor \y^s 

pain u n the upper part of the abdomen there was no tenderness and 
hyperesthe^^^ no muscular rigidity was elicited There was no cutaneous 


rprv ^ e^annnation the cerviv was found to be soft, manipulation of the 

1 i ^ ^ cause pain Although bimanual palpation of tlie uterus was impos- 
I of the large abdominal tumor, the uterus appeared to be urufomily 

ge an soft No resistance could be felt in the lateral fornices The tumor 

^ fundus of the uterus but not to be attached to it 

inese findings were confirmed by rectal examination 

e ul examination of the left side of the h^^pochondnum by palpatioa per- 
auscultatory percussion could not detect the presence of the spleen 
ihe hver was normal in size and position 

e urine was free of albumin and sugar There was no sediment on micro 
scopic examination 


lo Diagnosis The onset of the disease, with sudden pam in the right 

Qua rant of the abdomen, was suggestive of acute appendicitis This w3i> 
y exc uded by the hypogastric tumor and by the clinical course of the disease 
g t le five days before admission In vnevv of the two and a half month:> of 
amenor^rhea, ectopic gestation had to be considered This also appeared to be ruled 
f ' been no vaginal bleeding at an^'^ time, and there were no signs 

ema emorrhage, the mass felt in the lower part of the abdomen was too 
umtorm in contour and too solid to be a hematocele On vaginal examination 
tenderness of the cervix, there was no mass in eitlier fornix, an 
union appeared to be resting on the uterus, which w'as enlarged to the size 
usual with ten weeks’ pregnancy 

only diagnosis that could explain the symptoms and the clinical course of 
this acute abdominal condition appeared to be torsion of a mobile abdominal tumor 
on Its pedicle This involved consideration of the following possibilities (D “ 
solid mesenteric tumor, (2) an ovarian cyst or tumor, (3) a pedunculated sub 
serous fibroid, and (4) a prolapsed spleen 

Any one of these conditions, once torsion has taken place, can gne rise to a 
similar clinical picture The presence of a pedunculated subserous fibroid 
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very improbable, as, apart from the youth of tlie patient, fibroids, while extremely 
common in Negroes, are exceptional in East Indians In arriving at a differential 
diagnosis of the tumor, the only indications it was possible to consider were 
the symptoms caused by the presence of such a large mass in the abdomen before 
torsion took place It was quite unlikely that such a mass should have existed 
unnoticed m the abdomen before onset of the acute condition 

The patient stated that she had never observed any tumor in the lower part 
of the abdomen before her present illness But she was positive that she had 
long been subject to recurrent attacks of malana and that she had a large spleen 
Moreover, she lived in a highly malarial district, where the splenic index among 
East Indians is high The tumor had the shape, size and consistency of an enlarged 
spleen, and careful examination of the left side of the hypochondnum could not 
detect the presence of this organ in its normal position 

It is pertinent to point out here that prolapse of the spleen, with or without 
torsion, IS not as uncommon in this colony as in nonmalarial countnes If torsion 
of the pedicle is present the condition may give rise either to acute or to chronic 
symptoms In the ordinary case of prolapsed spleen seen in this colony the spleen 
descends vertically, and tlie lower pole is found resting in the left ihac fossa, 
whereas when the spleen is merely greatly enlarged but not prolapsed the lower 
pole will be found at the umbilicus or stretching across into the right iliac tossa 

A diagnosis was therefore made of torsion of a suddenly prolapsed malarial 
spleen. 

Operation — On August 9, operation was performed with the use of spinal 
anesthesia The abdomen was opened through a left paramedian incision extending 
from the hypogastnum to above the umbilicus As was expected, when the 
peritoneum was opened a large spleen was found lying m the pelvis, its long 
axis lay transversely with the upper pole on the nght side. The external and 
posterior surfaces looked upward and reached the level of the umbilicus Some 
recent fibrinous adhesions between the spleen and the omentum, the transverse 
colon and loops of the small intestine were easily stripped off without any bleeding 
A small quantity of free clear fluid in the lower part of the abdominal cavity was 
dried out with sponges The large intestine was somewhat distended and hyperemic , 
once It had been freed from the adhesions, gas and feces were parsed per anum 
(an event expedited by the spinal anesthesia), and the distention subsided 

There was no difficulty whatever m delivering the spleen through the wound 
as the pedicle was greatly elongated The pedicle had been completely twisted 
twice on its axis The spleen, in addition to ^he enlargement due to malaria, was 
engorged with blood. The vessels m the pedicle were thrombosed, particularly 
noticeable was a large vein, distended and thrombosed which pursued a serpiginous 
course between the layers of the gastrosplenic ligament, which was itself much 
i>tretched and elongated. There was a large, already clotted subcapsular hemorrhage 
the hilus of the spleen 

The pedicle of the spleen, being wide and thick was ligated and divided in 
sections, each section being secured by two ligatures, and tlie spleen was removed 
The large thrombosed vein was also removed, together with part of tlie gastro- 
spknic ligament 

The size and appearance of the uterus were those associated with ten wcek^ 
prcgnanc> , the organ was otherwise normal, and there were no adhesions between 
It and the spleen -Mter careful examination of the entire abdominal ca\it> the 
abdomen was closed without drainage The operation lasted approximately twent>- 
fivc minutes, the general condition of the patient was good. 
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The postoperative course was une\entful apart from two not unexpected inci- 
dents One hour after tlie operation the patient had an attack of malarial fever, 
which reacted to IS grains (0 97 Gin) of (|uininc bihydrochloridc given mtra- 
muscularlv She aborted on the eighth da> after operation She was discharged 
cured sixteen days after the operation 

Patiwlogu Ptchirc — The spleen weighed 2 pounds and 2 ounces (963 Gne) 
The thrombosed \ein in the gastrosplenic ligament, without untwisting its spirals, 
w^as 11 inches (28 cm ) long and ^<3 inch (0 8 cm) in diameter The mam points 



Fig 1 — Lateral view of the spleen Note the thrombus emerging 
sectioned splenic vein 

of note in the organ removed were (1) the complete double 
pedicle on its axis, (2) the subcapsular hemorrhage at the hilum, an 
extensive thrombosis of the vein m the gastrosplenic ligament 
No microscopic sections were made 


COMMENT 

Rotation of the spleen on its pedicle is a very rare is 

symptoms of the condition are such that the preoperative 
that of acute peritonitis, acute intestinal obstruction or, more co 
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owing to the presence of a tumor lying in the pelvis, torsion of the pedicle 
of an ovarian cyst 

Torsion of the pedicle of the spleen is considered to be a compli- 
cation of a wandering spleen This condition occurs more frequently 
in women than in men, and its causes must be sought in some alteration 
of the pentoneal folds that form the suspensory ligaments of the spleen 
Such an alteration may be due to a congenital elongation or to an 



Fjg 2 — Spleen \ie\ved from the Jiilus Note the double torsion of the pedicle 

acquired one An acquired elongation may result either from rupture 
of the peritoneal folds or from dragging on the folds from enlargement 
of the spleen Repeated pregnancies are considered to be an etiologic 
factor in so far as they conduce to general visceroptosis and therefore 
to ptos}i, of the spleen 

rile case described here is of particular interest on account of the 
Noulh of the patient, she \\ai> strong and well built, without an) weak- 
ness of the abdominal wall One etiologic factor appears to ha\e been 
cnlarj^tinent of the spleen due to malaria There is no olmous reason 



786 


IRCHIl ns or SURGER) 


why the spleen should suddenly have prolapsed into the pelvis, rotating 
twice on Its pedicle in its descent It is suggested that the acute attack 
of malaria at the onset caused acute congestion of the spleen and an 
increase in the already abnormal weight of that organ and that the 
splenic ligaments, already elongated from either congenital or acquired 
causes, were unable to sustain the w'eight ot the spleen 

Darteuille ^ stated that the splenic ligaments cannot sustain a weight 
greater than 2 5 Kg In this case the weight of the spleen removed 



Fig 3 — Thrombosis of the splenic vein 


wms 2 pounds and 2 ounces, less than half the weight quoted 
Darfeuille However, it is possible that when the ligaments 
spleen are stretched and elongated, as they were in this case, 
be able to sustain a lesser weight than is normal No sign of acer 
of the ligaments was obsen^ed at operation 

1 Darfeuille, C Deplacements de la rate avec torsion du pedicul 
Pans, no 3, 1894 
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During the descent of the spleen into the pelvis, as descnbed by 
Childe,“ the upper pole, on account of its greater size and the normally 
oblique position occupied by the spleen in the left hypochondnum, is 
the first to tip forward toward the midline, thereby causing rotation, 
of the pedicle from left to right The farther the upper pole descends^ 
the greater will be the torsion of the pedicle Once the spleen has lost 
Its normal position and lies free in the abdominal caviU, peristaltic 
movements of the intestines may cause further rotation 

2 Childe, C P Wandering Spleen Haemorrhage Within the Capsule, 
Splenectomy, Recovery Brit M J 2 1631, 1903 
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CINCINNATI 

CONGENITAL DEFORMITIES 

Congenital Bowing and Pseiidarthi osis of the Lower Part of the 
^^9 Pseudarthrosis following fracture or osteoclasis dunng child- 
hood in cases of congenital bowing of the lower part of the leg has been 
observed frequently, but its association with von Recklinghausen’s 
neurofibromatosis has not been reported in the English literature 
Barber reports 5 cases, in 4 of which there was definite bending of tlie 
lower part of the leg present at birth In 1 case, fracture and operative 
intervention were avoided, with the result that no functional handicap 
now exists In fact, some improvement m the degree of angulation took 
place with growth Osteotomy, osteoclasis and fracture were each fol- 
lowed by pseudarthrosis m 3 cases In 1 case m which no history ot 
bending could be obtained, pseudarthrosis followed fracture In all of 
these cases typical lesions of von Recklinghausen’s disease were present 

Frequency of Congenital Deformities in Families — An editorial m 
The Journal of the American Medical Association - reviews a study by 

This report of progress in orthopedic surgery is based on a review of 116 
articles selected from 138 titles pertaining to orthopedic surgery and appearing m 
the medical literature approximately between Nov 1, 1939, and Alarch 1, 1940 

1 Barber, C G Surg, Gynec & Obst 69 618, 1939 

2 Frequency of Congenital Alalformations m Families, editorial, J A Af A 
114 141 (Jan 13) 1940 
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Murphy of statistics in Philadelphia for a period of five years It was 
found that gross congenital malformations afflict 1 of every 213 persons 
who are born alive The rate is twice as high among white persons as 
among Negroes The frequency of birth of subsequent malformed off- 
spring was twenty-five tunes greater m families already possessing a 
malformed child than in the general population The investigations lead 
to the conclusion that gross congenital malformations arise solely from 
influences which affect the germ cells prior to fertilization No relation 
was demonstrated between frequency of malformation and such factors 
as illegitimacy, economic or social status or chronic disease at the 
time of conception 

[Ed Note Earlier studies were reviewed m previous reports of 
progress ] 

Muscular and Skeletal Changes in Arachnodactyly — The syndrome 
arachnodactyly (spider digits) is discussed in detail, and 6 cases illus- 
trating various features of the syndrome are reported ^ The cause of 
the condition is obscure, but there is a family history of the lesion m 
over half of the cases reported The abnormalities associated with 
arachnodactyly are not ordinarily detected until the second or third year 
of life In all cases there is a decrease of soft tissue m some portion of 
the body and hence an actual or apparent lengthening of the hands and 
feet, particularly the fingers and toes The face may have an appear- 
ance of maturity because of a decrease of subcutaneous tissue Muscular 
weakness is proportional to the size of the underdeveloped muscles 
Microscopic examination of muscle from 2 patients showed normal mus- 
cular tissue Ligamentous relaxation is always present and is usually 
most pronounced in the joints of the hands and feet Subluxation of 
the sternoclavicular joint and dislocation of the patella have been 
reported When contractures occur, the fingers and toes are usually 
involved, but occasionally only the larger joints are affected Persons 
with arachnodactyly usually have contractures, but occasionally only 
the larger joints are affected Persons with arachnodactyly are usually 
taller than normal persons and weigh less They commonly have a 
spinal deformit}'’, scoliosis, kyphosis or kyphoscoliosis, which appears m 
early life and slowl) progrebses but in most cases does not become severe 
Dolichocephalub, prognathism, a narrow-arched palate and as\mmetry of 
the skull are common anomalies Heart disease, usually on a congenital 
basis, IS a frequent accompaniment of the disease The ophthalmologic 
features arc those associated with ectopia lentis, iridodonesis contracted 
pupils and irregularity of the anterior chamber ol the eye Bilateral dis- 
location of the lenses is an outstanding >vmptom rmpro\ement of vision 

3 raht> J J Muscular and Skeletal Changes in Arachnodact}I\, Arch 
Surg 39 741 (\o% ) 1939 
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usiiall} results from removal ot the lens m cases in which it is com- 
pletely dislocated Pam in the foot ma> necessitate the use of supports 
Contracture of the fingers ma\ be treated with improvement in function 

[Ed Note There are wide variations in the amount of deformity 
presented j\Ian\ patients show the changes onl\ m the hands and feet ] 

DEVELOPMFNT \L DISEASES 

Epiphysitis of the Spnic — Nathan and Kuhns ^ feel that this condi- 
tion is a relatively common lesion Sixty-nme of the 75 cases studied 
w^ere observed during the past six years Most of the patients visited 
the hospital for the treatment of faulty posture The roentgen studies 
revealed irregulant} ot the upper and lower surfaces of the vertebral 
bodies to be the most constant finding The late changes w^ere constantl} 
found to consist of anterior w^edging of the vertebral bodies Under 
treatment the detormit} was decreased but rarel}" corrected Detonnity 
was prevented in only 2 cases Treatment usually consisted ot applica- 
tion of a plaster jacket wuth the spine in extension, m addition, corrective 
exercises were given In the earl} acute stages of the disease, recum- 
benc} in a plaster shell wnth the spine in extension, which was carried 
out in only 5 cases, seemed to be the most efficient form of treatment 
In adult patients who had had no previous treatment, severe detormit) 
associated with pain and weakness in the back w^as usually present 

Late Iinpai) uient oj the Spinal Coid in Scheiic) niann s Juvenile 
Kyphosis (Spinal Epiphysitis) — Wretblad^ reports on 6 patients, all 
young men engaged m hard physical labor, who had juvenile k}^phosis 
In these patients symptoms of medullary irritation and compression 
developed As a rule the symptoms appeared first on one side and later 
on the other Numbness, weakness and unsteadiness m the legs were 
observed Spastic paralysis of the legs was present in several cases 
Myelographic study revealed a block at the apex of the curve I 3jm- 
nectomy led to improvement in 3 patients whose symptoms had been ot 
short duration Another, in whom symptoms had been present several 
years, died after laminectomy In this case autopsy showed that irren- 
arable damage had occurred to the spinal cord 

Pectus Excavatiini — Brown ° states that pectus excavatum is char 
actenzed by a funnel-shaped depression of the sternum, the apex of which 
IS located at the junction of the xiphoid process with the gladiolus 
vention or correction of this deformity is indicated because of definite 
functional restrictions on the circulatory and respiratory mechanisms 
and, in women, for esthetic purposes The diaphragm is the chief 

4 Nathan, L , and Kuhns, J G J Bone & Joint Surg 22 55, 1940 

5 Wretblad, G Acta psychiat et neurol 14 617, 1939 

6 Brown, A L J Thoracic Surg 9 164, 1939 
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deforming factor, since, with its attachment to the lower part of the 
sternum, it is the only muscular force capable of drawing the sternum 
inward with the point of maximum indentation at the sternoxiphoid 
junction A strong factor in maintaining deformity is the substernal 
ligament, which is continuous with the linea alba in the abdomen The 
heart may be fixed m the midline, resulting in encroachment and cardiac 
embarrassment, or it may be displaced to the nght or to the left, with no 
resulting disturbance There is a strong hereditary factor in this 
deformity Treatment for the adult consists of elevation of the depressed 
portions of the sternum, cartilages and ribs to correct the obvious 
skeletal deformity However, the contracted and depressed substernal 
ligament must also be sectioned to allow for extension of the chest on 
the abdomen and for correction of the round-shouldered habitus In 
early childhood the simple procedure of section of the substernal ligament 
and freeing of the sternal attachment of the diaphragm is sufficient to 
prevent full development of the defonnity 

[Ed Note In children, improvement m this condition is observed 
with respiratory exercises The editors have had no experience with 
operative section of the substernal ligament ] 

NUTRITIONAL DISTURBANCES OF BONE 

Osseous Dystrophy Following Severe Icterus Neonatorum — Braid ^ 
reports the cases of 2 patients with severe jaundice at birth who showed 
osseous dystrophy, pathologic pigmentation of the skin and sexual pre- 
cociousness The author believes that damage occurs to tlie liver, inter- 
fering with the storage and utilization of vitamins The first patient, 
a youth of 19, had had bony deformity since the age of 2 There were 
kyphosis, deformity of the chest and deformity of the leg Laboratory 
studies carried over a number of years showed a relatively low level of 
blood calcium Biopsy showed irregular trabeculation of the bones, 
with vascular fibrous tissue in the interstices resembling osteitis The 
roentgenograms showed cystic changes at the ends of the diaph}ses 
with numerous old fractures The second patient was a girl aged 2 
years The osseous appearance was similar to that m the first case 

Osteomalacia oj the Spinal Column from Deficient Diet or from 
Disease of the Digestive Tract — Meulengracht ^ records the cases of 6 
jiatients living in Denmark in whom osteoniTlacia of the spinal column 
developed as the result of deficient diet or after gastrointestinal disease 
There were 4 others ^\ho had the same condition from an excessive 
use of laxatives From his studies the author feels that the diet of 
the adult population is deficient in calcium and in Mtamin D All of 

7 Braid, T \rch Di:, Childhood 14 181 1939 

8, Mcultiigracht E Acta nicd Scaiidina\ 101 I3S 1939 
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these patients were past middle age Treatment consisted of support 
to the back and the addition of vitamin D and calcium to the diet 

TUBCKCULOSIS 

E xt) a-Articulai Foci in Tube) cnloits At tin itis — Fifty-five cases of 
extra-articular tuberculosis of the hip joint in children are reviewed by 
Cholmeley ° The commonest sites were m the medial half of the ace- 
tabular roof (19 cases) and in the femoral neck (17 cases) Twelve 
children were treated by excision of the focus or by curettage, the 
remaining 43 were treated purely conservatively Of these 43, only 3 
escaped involvement of the hip joint (7 per cent) , of the 12 operated 
on, only 1 (8 3 per cent) escaped involvement The average time that 
elapsed before involvement of the hip could be demonstrated was about 
seventeen months in each series It is concluded that less than 10 per 
cent of children with extra-articular foci around the hip recover with 
an intact hip joint 

Pott’s Disease in Child) en — Smith reports an analysis of 81 cases 
of tuberculosis of the spine treated in Sydney, Australia Of the 81 
patients, 17 could not be traced Fifteen had been recently observed, 
12 had died, and 2 were cured There were 7 who were almost without 
symptoms but could not do all of their usual activities Their condition 
was called insecure fibrous union There were 18 in whom the disease 
was still active or had become active again Spinal fusion was per- 
formed on 10 In 6 of these abscesses developed after operation, 5 
suffered from an increase of the deformity, and 2 became paraplegic 
The author states that stabilizing operations are contraindicated for 
children with active disease and that stability of the kyphos is depen- 
dent on vertebral contact 

[Ed Note This gloomy view of the ineffectiveness of spinal fusion 
is not held in America The recent report of Swett suggests that com- 
plete healing occurs only in the presence of vertebral contact ] 

Tuberculous SpO)idylitis —Walheim^^ studied 221 cases of tuber- 
culosis of the spine in children observed at St Gorans Hospital, Stock 
holm One hundred and forty-nine children were treated operatively 
(method of Albee) Fifty per cent of the children were under 10 years 
of age Two or more vertebrae were involved in 90 per cent of the 
cases Gibbus was found in over 90 per cent of the patients Abscesse 
were found in 60 per cent, and fistulas, in 25 per cent Paralysis 
occurred in 6 per cent Death occurred in 60 cases, in 31 from spondi- 
htis directly , in 20, from other types of tuberculosis, and in 9, from non 

9 Cholmeley, J A Bnt J Surg 27 224, 1939 

10 Smith, G K M J Australia 2 303, 1939 

11 Walheim, T Acta chir Scandinav 83 123, 1939 
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tuberculous diseases Of these 123 living operatively treated patients, 
91 are entirely well, 18 have slight trouble with their backs, and 1 
IS unable to work Of the 34 living conservatively treated patients, 25 
are well, 8 have slight trouble with their backs, and 1 is unable to work 
The functional ability is distinctly better in the backs of the patients 
operated on The tune spent at the hospital was longer for those oper- 
ated on The active disease lasted longer in those conservatively treated 
A greater tendency to recurrence of the disease was observed m the con- 
servatively treated patients 

SYPHILIS 

Syphilis of the Skeleton m Early Infancy — Caffey studied roent- 
genograms of the skeletons of 550 young infants who did not have 
syphilis In 22 cases the roentgenograms showed changes indistinguish- 
able from syphilitic osteochondritis, osteoperiostitis and osteomyelitis 
Caffey concludes that the roentgen findings m the skeleton per se are 
not conclusively diagnostic of early infantile syphilis 

GONOCOCCIC ARTHRITIS 

Gonococcic Arthritis in the Ncnvborn — Parrish, Console and Bat- 
taglia present a case of gonococac arthritis in a newborn Negro treated 
with sulfanilamide The mother had migratory articular pains one week 
before delivery and a profuse vaginal discharge at the time of delivery 
When the child, a boy, was 3^ weeks old, he was brought to the hos- 
pital with a swollen, warm, tender, flexed left knee Aspiration showed 
thick pus, from which gonococci were cultured Sulfanilamide was 
given, and the swelling, pain and tenderness diminished by the fourteenth 
da}^ in the hospital but recurred when the drug was withdrawn Therapy 
was again instituted, and the swelling subsided in four days and did not 
recur when the drug was discontinued A short review of the literature, 
showing the frequency of this disease m the newborn, is presented 

BACK 

Sacroiliac Changes in the Diagnosis of Spondylai thntis in the Early 
Stages — In an examination of 153 cases of ank} losing spondylarthritis, 
Forestier found that the sacroiliac joints were involved m 98 per cent 
In 12 instances observed in the early stages of the disease he found 
the sacroiliac joints roentgenographically involved prior to an\ changes 
m the spine The reverse was not obser\ed Hence the author enipln- 
M/es the importance of sacroiliac changes in the earl} diagnosis of 

12 Caffc>, J Am J Roentgenol 42 637 1939 

13 Parrish P P Console \V A and B iltaglia J Gonococcic Arthritis of 
Newborn Treated witli Sulfanihmide JAMA 114 241 (Jan 20) 1940 

14 Forestier, J Radiology 33 3S9, 1939 
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ankylosing spondylarthritis These changes consist of marginal decalci- 
fication followed by a spotted, mottled appearance of the cancellous bone 
and later by loss of joint space and synostosis 

Inti aspinal Lesions Associated xoitli Pam Loxv in the Back and 
Sciatic Pain — Camp and Addington leport their observations based 
on 417 cases in which lodued poppjseed oil was injected into the spinal 
subarachnoid space for the purpose of localizing a suspected lesion affect- 
ing the spinal cord or the cauda equina In 283 of these cases (67 9 
per cent) subsequent lainmectom) was pertormed The positive diag- 
noses were as follows tumor of the cord, 45 cases , protruded interver- 
tebral disk, 208 cases , hypertrophied hgamentum flavum without pro- 
trusion of the disk, 6 cases, and miscellaneous conditions, 32 cases The 
examination was reported giving negative results m 126 cases, or 30 per 
cent Thirteen of the patients were operated on in spite of the negative 
results A protruded disk was found m 7 of these cases, hypertrophy of 
the hgamentum flavum m 4 and no lesion m 8 The authors express the 
belief that iodized poppyseed oil gives more accurate results than does 
air, that it ill reveal certain structures not seen ith air and that it 
has localized lesions that air has failed to disclose 


Air Myelogi aphy in the Diagnosis of Inti aspinal Lesions Chamber- 
lain and Young report their experience with air or oxygen myelog 
raphy in over 150 cases of pain low in the back or sciatic pain hi 
over half of these cases the lumbocaudal sac was studied There 
positive findings in this region after injection of air in 10 patients 
of these came to operation, and in each the uncovered lesion was at t le 
exact level demonstrated by the roentgenograms From 30 to 50 cc 
of air was used to fill the lumbocaudal sac m adults When the Quecken 
stedt test shows either complete or partial block, 4 to 6 cc of air is 
injected below the suspected lesion, and stereoroentgenograms are ta e 
with the patient in the upright position The authors 
complete block in the lumbocaudal sac in 3 patients , 2 of these 
tumors, and 1 showed herniated cartilaginous disk ^ 

Neurologic Aspects of Herniated Nucleus Pidposus Spurhng 
Bradford,^' on the basis of 85 low intraspinal lesions treated sur^jica }. 
present what they have found to be a charactenstic clinical pictur 
herniated nucleus pulposus at the fourth and fifth lumbar intersp 
Briefly, the symptoms and signs include severe, persistent sciatic 
paresthesias (which are far more localizing than is the distributi 


15 Camp, J D, and Addington, E A Radiology 33 701, 

16 Chamberlain, W E , and Young, B R Radiology 33 695, 193 

17 Spurhng, R G , and Bradford, F K. Neurologic Aspect ^ 

Nucleus Pulposus at Fourth and Fifth Lumbar Interspaces, J 

2019 (Dec 2) 1939 
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the pain), stiffness of the lumbar part of the spine, a positive Lasegue 
sign, hyperesthesia of the foot and of the lateral aspect of the leg and 
diminution or absence of the ankle jerk They feel that a more thorough 
experience with the neurologic picture has made possible accurate diag- 
nosis from clinical evidence alone in the majority of instances These 
signs are not peculiar to this entity, since neoplasms along the course 
of the sciatic nerve, pelvic and rectal disease and disease of the osseous 
structures may simulate the clinical picture 

Sciatic Radiaticnv of Pain Low in the Back — Steindler attempts to 

explain the lesion m cases of low back pain on an anatomic basis This 
IS possible because there exists in cases of pam low in the back a so-called 
trigger point For example, in cases of the lumbosacral syndrome this 
point exists at the lumbosacral junction, in cases of the tensor fasciae 
latae syndrome the tender point is at the lateral border of the fascia 
and iliotibial band, with a positive Ober sign The author states that 
sciatic radiation of pain in a large group of cases has nothing whatever 
to do with direct irritation either of the nerve trunk or of its roots but 
IS purely a reflex phenomenon which follows, instead of preceding, pain 
in the lower part of the back Furthermore, it is the author’s belief that 
the afferent branch of the reflex arc is furnished by the sensory fibers 
supply mg the injured muscular and aponeurotic structures and that the 
connection with the sciatic nerve is made not lower than the spinal 
ganglion and possibly m the spinal cord To prove the reflex character 
of this radiation, the author first shows that anatomically the territory 
involved is entirely separate from the origin of the sciatic nerve The 
proof which establishes the causal connection between the local lesion 
and the sciatic radiation rests on the fact that irritation of the so-called 
trigger joint exaggerates the sciatic radiation, whereas injection of pro- 
caine hydrochloride at this point reduces the local pain as well as the 
sciatic irritation In 100 cases the author, with the assistance of Dr J V 
Luck, found that the test gave a positive result m 69 and a negative 
result in 31 Of the 69 cases in which it gave a positive result, the end 
results were good in 84 per cent and poor in 16 per cent, whereas of the 
31 cases in which the result was negative, the end results were good in 
20 per cent and poor in 80 per cent The authors feel that in a consid- 
erable proportion of cases of radiating pain low in the back recognition of 
the reflex character of the radiation of pam is essential to rational diag- 
nosis and treatment of the condition 

Spondylolisthesis — Hitchcock presents 3 cases of spondylolisthesis, 
with roentgenograms and case histones Roentgen evidence of pro- 
gressne slipping of the fifth lumbar \ertebra on the sacrum is presented 

18 StLindler, \ J Boik Joint Surg 22 28 1940 

19 Hitchcock, H H J Bone Joint Surg 22 1 1940 



796 


ARCH ires OP SURGERY 


In tning to explain the caube of thib condition the author states that 
trauma during delivery or shortly after may be the cause of this defect 
His belief is based on observations made on stillborn infants, on whom 
he was able to demonstrate tractures of the neural arch in the lumbar 
region by hyperflexion, such as might occur during labor or delivery 
whereas hyperextension did not result m a fracture of the neural arch 
Furthermore, the author cites studies In Wilhs, Hayek and others, who 
failed to find, in spite of deliberate search, a single example of separation 
either of anomalous centers of ossification or imperfect ossification which 
would correspond with such a defect m the neural arch This study 
was based on a collection by the various authors mentioned of over 
2,000 spines Spondylolisthesis therefore appears to be the result of 
trauma rather than of congenital defects 

Scohosii Following Empyeuia — Scoliosis resulting from pulmonary 
disease is usually of one of two types •“ 1 Scoliosis following empyema 
— the concavity is toward the empyema, and there is little or no rotation 
of vertebral bodies 2 Scoliosis complicating thoracoplasy — the con- 
vexity IS toward the resected ribs In a survey of 65 cases of empyema 
operated on in the years 1932 to 1936 inclusive at Mount Smai Hospital, 
New York, none of 52 patients with acute empyema whose wounds 
healed permanently in a mean time of four months or less had persistent 
scoliosis Of 13 patients with chronic empyema requiring multiple 
operations, rib resections and excisions of the soft parts, persistent 
scoliosis developed in 5 These 5 were 12 years old or under, and only 
2 showed scoliosis so marked as not to be hidden by clothing These 
2 are discussed in detail The most severe scoliosis was a 97 degree 
curve, which followed a thoracoplasty at the age of 12 years for chronic 
empyema The scoliosis was of the usual thoracoplasty pattern, wi 
the convexity on the side of operation and with considerable rotation o 
the vertebral bodies Treatment with various types of jackets was o no 
avail In the other case, severe scoliosis followed chronic empyema 
which operation was first performed at 2 years of age The curvature 
progressed in spite of treatment The curve was of the posteinpyennc 
type, with the concavity toward the diseased side and without rotation 

NEOPLASMS ^ 

Multiple Myeloma — Ihis disease, a multiple neoplastic disease 
bone marrow or a diffuse hyperplasia, usually of cells resembling p ^ 
cells, is discussed by Ulrich In 259 case histones of multiple 
it was found that absence of pain was rare (d per cent) » 

20 Selig, S , and Arnheim E Scoliosis Following Empyema, Arcl 

39 789 (Nov) 1939 „ 

21 Ulrich, H Multiple Mjeloma, Arch Int Med 64 994 (Nov) 
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evidence of tumor was present in 96 9 per cent Bence Jones protein 
was absent in 38 2 per cent Bence Jones protein is not a single sub- 
stance but rather a group of similar, but not identical, proteins, and this 
complexity may have a bearing on the difficulties of detennining iti> 
presence under certain circumstances The effect of this disease on the 
kidneys is to produce obstruction of the tubules by fonnation of tubular 
casts of Bence Jones protein Extraosseous myeloma is not uncommon 
The four possibilities of origin are by direct extension from intraosseous 
tumor, by metastasis, by independent development and by growth of a 
primary extramedullary tumor Direct extension and metastasis are the 
most common sources The nature of myeloma cells has been much 
disputed In most cases the cells resemble plasma cells more closely 
than any other known form of cell There are, however, frequent varia- 
tions The origin of all of these different types of cells is probably from 
a single type of myeloid cell In its relation to leukemia, multiple 
myeloma is a neoplastic disease occupying a position midway between 
frank tumors and diffuse leukemic h>perplasia The author reports 1 
case with certain noteworthy features, consisting of tumors in the testes, 
absence of pain, absence of roentgen evidence of abnormality in the 
bones and the presence of myeloma cells m the circulating blood 

Eighty-six cases studied by Ghormley and Pollock were divided 
into 5 groups, as follows Group A 19 cases in which the diagnosis 
was proved by postmortem examination Group B 53 cases in which 
the diagnosis was made on a basis of clinical and roentgen findings (all 
of the patients m groups A and B have died) Group C 5 cases in 
which the diagnosis was made on clinical and roentgen evidence No 
follow-up record had been received from the patients in this group, 
though It is assumed that the> were dead Group D The patients in 
this group, proved by biopsy to have multiple myeloma, are still alive 
Group E 3 patients still ali\e one year or more after the original diag- 
nosis was made The diagnosis here was made on the basis of clinical 
and roentgen findings \ detailed study of the cases of group D is 
appended The average duration of the disease in all cases was twenty- 
six and nine-tenths months , m the proved case, twentv-six and eight- 
tenths months Bence Jones proteinuria was present in only 51 per 
cent of the entire group The albumin-globuhn ratio was reversed m 
only aO j>er cent of the cases and m the senes of proved cases none of 
these reactions were positive The same niav be said of the reactions 
for calcium phosphorus phosphatase and the determinations of baso- 
philn or cosinophiha Regarding the prognosis although 2 patients 
are alive five and eight vears re^pectiveh alter the onset of the disease 
tliL outlook for jiatients who have involvement of the hone is uniiornih 

21 Ghornikv R R and Pollock G \ Sutr G>ikc tS. OIjst 69 64b 19 j9 
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poor In 1 case nnolvenient of the soft parts only was present Treat- 
ment ot multiple myeloma is doomed to failure from the beginning 


Ticahiicnt of Ostcocjcmc Scucomo — A study of 258 cases of osteo- 
genic sarcoma treated by amputation selected from the first 400 cases 
m the Registry of Bone Sarcoma of the American College of Surgeons 
revealed that earlv amputation tends to hasten a fatal outcome -•* Early 
amputation is interpreted as amputation within six months of the onset 
of symptoms Survuors are defined as patients li\ing with no evidence 
ot tumor at the last report, more than five years after amputation and 
the last suigical treatment Only 8 j^er cent survived early amputation 
whereas 29 per cent survived later amputation In cases of sarcoma of 
a lesser degree of malignancy, 14 per cent of patients survived early 
amputation and 41 per cent survived delayed amputation In cases of 
sarcoma of unusually high malignancy, 4 per cent of paPents survived 
early amputation, and 37 per cent survned dela}ed amputation When 
the cases of sarcoma of possibly low malignancy are excluded from 
among the cases of late amputation, 24 per cent of the patients in the 
remaining cases survived This figure is three times as great as that 
for early amputation The author feels that radiation is one means by 
which the development of recurrence after excision may be retarded 
Also, he states that in the few cases in which bone grafts were inserted 
at the sites of excision of osteogenic sarcomas the development of recur- 
rence was retarded He believes that the bone graft occupies space 
which would otherwise be partly occupied by blood clot from wdiich 
the fibrin might nourish or even stimulate fibroblastic cells Also, the 
inserted bone stimulates the endothelial leukocytes which might retar 
the growth of the tumor cells In conclusion, stress is laid on avoidance 
of early amputation and on irradiation before amputaPon or excision 


and implantation of a bone graft 

Benign CJionEi oinas of Ribs — This is a review ot the cases from the 
literature of benign chondromas of the ribs proved by biopsy or excision, 
together with 2 case reports There are various theories concerning, 
the cause, the most probable being that the tumors arise from 
cartilaginous fetal rests or islands of cartilage resulting from old ric e s 
Trauma seems to be significant m some of the reported cases 
tumors usually start insidiously and are ot long duration In rega 
to the pathologic picture, the benign central chondroma is a trans 
ition betw^een osteochondroma and malignant chondromyxosarcoma 

Adult cartilage predominates in its histologic picture ^^^^^^^ggoiis 
occur during development, so that the chondroma may become os ^ 
chondroma or may undergo malignant degeneration to becom 


23 Ferguson, A F J Bone & Joint Surg 22 92, 1940 

24 Harper, F R J Thoracic Surg 9 132, 1939 
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chonciromyxosarcoma The author states that there is a strong tendency 
for a high benign chondroma to undergo malignant degeneration 
Therefore, chondromas m the ribs are potentially malignant even though 
they may appear histologically benign Clinically a sudden increase in 
size of the tumor or an increase in the pain may indicate a turn toward 
malignancy Benign chondromas are very prone to recur, and incom- 
plete removal seems to stimulate growth of the remaining tissue In 
5 of 1 1 cases followed more than one year, the tumors recurred Treat- 
ment should consist of early and complete removal of the tumor It is 
often necessary to open or resect part of the pleura for complete 
removal Some authors advise radium or roentgen therapy after the 
operation 

SHOULDER 

Traumatic Dislocaiton oj the Tendon of the Biceps Brachii Muscle 
— Abbott and Saunders state that attntional changes play a part in 
dislocation of the tendon of the biceps brachii muscle but cannot ignore 
the definite and severe accidents assoaated with each of their caseS 
They feel that forcible lateral rotation of the arm is the principal cause 
of dislocation The injury is followed hy pain and swelling of the joint, 
with complete disability of the affected shoulder Weakness and limita- 
tion of motion in forward flexion and adduction of the shoulder are 
present, and forced supination of the forearm against resistance with the 
elbow held m flexion is painful The principal findings include swelling 
of the anterior aspect of the shoulder, tenderness (most pronounced over 
the bicipital groove) and a definite snapping sensation on abduction 
and external rotation of the shoulder In all of the 6 cases, which are 
reixirted in some detail, operation disclosed displacement of the tendon 
over the lesser tuberosity Fixation of the tendon in the bicipital groove 
is probably the quickest and best method of restoring function in a case 
of uncomplicated dislocation, but no rules as to the best procedure have 
been adopted Adequate results may be obtained hy replacement of the 
tendon and repair by fascia of the roof of its groove 

Echinococcus Cyst of the Shoulder Joint — Karageorgis reports a 
case of echinococcus cyst of the shoulder joint capsule The patient was 
a 25 year old woman who for three years had suffered with articular 
pam and for two 3 ears wnth swelling The condition was diagnosed 
first as rheumatism, then as tuberculosis and finall)^ as lipoma or foreign 
bod) reaction A posterior approach resulted in exposure of the cyst 
inside the joint capsule The cyst was filled with dead daugliter C3'sts 
"Ihe postoperative course was une\entful, and the patient apparently 
reeo\ered In Greece 1 other echinococcus C3'St of the shoulder joint 
and 1 eclunococcus evst of the hip joint ha\e been rejxirted 

25 \bbott L C and Saunders J D de C M SurgLr\ 6 817, 19*10 

2o Karageorgis B Zciitralbl f Chir 66 2000 1939 
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KNEE 


Choiidutts of the Knee — Darrach ■' summan/es 376 arthrotomies of 
the knee for internal derangement In 27 1 per cent of cases the anterior 
cruciate ligament was found to be partially or completely ruptured In 
51 per cent there was involvement of the articular cartilage In 68 per 
cent of the cases m which it was present it was the only demonstrable 
lesion Darrach stated “In the majority of instances this condition 
involves only the superficial portion of the articular cartilage, and rarely 
does one see the underlying bone exposed ” The term chondritis is 
suggested for this lesion, since osteochondritis applies only to conditions 
including involvement of bone An incision large enough to enable one 
to explore the knee joint more thoroughly is advocated The affected 
areas of cartilage are treated by shaving them off with a knife or a sharp 
gouge, leaving as smooth a surface as possible 


Suppurative Ai thrifts of the Knee — Maurer reports 26 cases of 

suppurati\e arthritis of the knee joint treated in the Munich clinic in 
recent years In all but 6 the condition followed direct injuries involving 
the joint (9 cases), the patella (7 cases), the femur (1 case) or the 
tibia (2 cases) In all cases a phlegmon of the capsule developed 
Thirteen phlegmons were due to the streptococcus and 4 to the staphylo- 
coccus , 3 were due to a mixed infection One was due to the pneumo- 
coccus They were treated essentially by incision and drainage 

(anteriorly bilateral, and mediopostenor incisions), followed by instilla- 
tion of Chlumsky’s phenol-camphor solution (phenol, 30 per cent, 
camphor, 60 per cent , alcohol, 10 per cent) Immobilization was 

stressed Complications necessitated resection of condyles (5 cases), 
amputations (7 cases, with 3 deaths) and secondary closure (9 cases) 
In all, 4 patients (15 4 per cent) died of general infection Blood trans 
fusions were liberally resorted to The end results in 26 cases were 
3 joints with slight motion, 14 stiff joints, 4 thigh amputations, 4 patients 
dead and 1 unknown result 

[En Note While a perfect result is rarely expected after sup 
purative arthritis of the knee joint, a better showing is usually made y 
those patients who are treated by adequate drainage and early motion 


FOOT 

Feet of Infants and Children — Bloxsom briefly reviews his 
of footprints and heelpnnts showing the development of the 
arch in 473 infants and children from 1 to 12 years of age ^ 

27 Darrach, W Ann Surg 110 948, 1939 

28 Maurer, G Arch f Urn Chir 197 639, 1939 

29 Bloxsom, A Study of Feet of Infants and Children, Am J 
59 45 (Jan) 1940 
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of development of the foot and its longitudinal arch varies considerably, 
but growth usually progresses most rapidly in children from 1 through 
4 years of age There are a certain number of children whose feet con- 
tinue in a nondeveloping stage, and it has been found that corrective 
measures applied to these feet over years do no good The author 
believes that the recording of footprints and heelpnnts of children is a 
valuable aid to the pediatrician 

INJURIES TO JOINTS 

Rarefaction of Bone After Injury to Joints — Jaffe reports 2 cases 
in which an acute trauma (without fracture) to a large joint resulted 
in severe rarefaction m the adjacent long bones In 1 case the changes in 
the lower end of the femur were considered malignant, and the leg 
was amputated In the other a biopsy specimen was taken from the 
lower end of the humerus, and the diagnosis of post-traumatic rarefac- 
tion was established The roentgenogram shows round areas of 
rarefaction extending from just beneath the joint surface well into 
the medulla The changes are probably due to a neurovascular derange- 
ment which with numerous dilated and engorged blood vessels results in 
localized bony rarefaction Recovery is favored by active use of the 
part, with diathermy and massage 

Painful Atrophy of Joints — Ghormley describes the clinical pic- 
ture, diagnosis and treatment of post-traumatic painful atrophy of joints 
The writer states that there may be considered to exist three types 
of atrophy (1) Sudeck's “reflex” atrophy, (2) post-traumatic painful 
atrophy of joints, and (3) atrophy of disease Post-traumatic painful 
atrophy of joints “may be regarded as a clinical entity perhaps as a 
variation of Sudeck’s atrophv, although often its onset is slower than 
that of Sudeck's atrophy, and the symptoms are much less severe ” One 
case IS presented, m which arthrodesis of the knee was performed and 
led to a satisfactory outcome This case offered material for study, 
which re\ealcd marked bone atrophy a dry joint and slight thickening 
of the synovial membrane, with a definite pannus-like membrane cover- 
ing a portion of the surface of the joint There were thinning of the 
articular cartilage and absence of all marrow elements In addition to 
the known methods of treatment, administration of \itamm D and cal- 
cium is considered beneficial 


MISCELLANEOLs 

Gas Gaiujiciu — Williams and Hartzell compare mortality statistics 
in cases ot gis gangrene in San hraneisco In these cases tlie diagnosis 


30 lafFc H L Radiolog> 33 305 19j9 

31 GliorniLv R K \rji Pins Tlicrai)\ 20 725 1939 

32 Willniin \ J and Hartzell H \ J Surg 47 5o I9 j9 
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was proved clinically, bacteriologically and by roentgenograms In the 
first series, treated from 1934 to 1937, the mortality rate was 583 per 
cent In the second series, treated from 1936 to 1939, with benefit of 
roentgen therapy, the mortality rate was 8 3 per cent In the series of 
12 cases m which roentgen therapy was used, there were 4 patients who 
required amputation Amputation was performed after roentgen therapy, 
and at the time of amputation no gas was noted m the soft tissues 
Eight cases of arteriosclerotic gangrene complicated by gas gangrene 
are included Foui of the patients were treated with roentgen therapy, 
and 4 were not All these patients died Those that were treated with 
roentgen therapy showed no gas m the tissues at death Of those who 
died after roentgen therapy 2 died of pulmonary embolism, 1 of pneu- 
monia and 1 of arteriosclerotic heart disease Two of the untreated 
patients died of gas gangrene 

FRACTURES AND DISLOCATIONS 

New Clavicula) Splint — A new type of clavicular splint applying the 
principle of suspension-elevation is used by Anderson to treat frac- 
tures of the clavicle along correct anatomic and physiologic lines At 
the same tune it allows the patient to be up and about, wearing his 
usual clothing and retaining the use of both arms The author states 
that convalescence is painless and that the splint is comfortable Many 
patients return to work a few days after injury, and skilled and pro- 
fessional workers have continued to work regularly with the splint in 
place The splint consists of (1) a body frame or base and (2) a 
rubber suspension axillary hammock The advantage is saving of time 
and expense to both the patient and the physician 

Injury of the Acroinwclavicitlar and Sternoclavicular Joints- 
Howard reviews the salient features of anatomy, function and disability 
of the acromioclavicular and sternoclavicular joints and of fractures o 
the clavicle in the region of these joints In treating severe sprains, 
subluxations and dislocations of the acromioclavicular joint he uses 
modification of the Jones brachioclavicular splint To avoid pressure 
phenomena about the elbow, the elbow is immobilized m a well padded 
right angle posterior metal splint The sling, running from the elbow 
to the clavicle, is taken care of by a slotted piece of felt Pressure 
downward on the clavicle is made by a padded strap running over t 
clavicle and around the chest, near the opposite axilla Dislocations o 
the sternoclavicular joint are treated by means of the clavicular cross 
If the condition is adequately treated, operation is unnecessary m iri 
cases 


33 Anderson, R Surg, Gynec & Obst 69 770, 1939 

34 Howard, N J Am J Surg 46 284, 1939 
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External Dislocation of the Elbow — Gnesemer reports 6 cases of 

a rare condition, external lateral dislocation of the elbow In 4 of 
these the condition was partial luxation, and in 1 it was a subepicondylar 
complete dislocation The injury may result from a fall on the out- 
stretched hand, a fall on the inner side of the elbow or a direct blow 
on the forearm The outstanding physical finding is a widening of the 
transverse diameter of the elbow joint Complications of this injury 
may be Colles' fracture, fractures about the elbow, capsular and muscular 
lacerations, Volkinann's ischemic paralysis and neural and vascular 
injury Reduction is usually obtained by manipulation with the patient 
under anesthesia The forearm is manipulated into strong pronation, 
at the same time it is extended, and lateral flexion and supination are 
continued The elbow is immobilized in a posterior plaster splint in 
flexion and supination Dislocations over eight to ten days old are 
rarely reduced without operation The writer advocates early active 
mobilization within twenty-four hours in cases of closed reduction and 
in thirty-six hours in cases of open reduction Within three or four 
weeks satisfactory function should be obtained in uncomplicated cases 
Fractures of the Head of the Radius — Discussing a group of 52 
fractures of the head of the radius treated for the most part conserva- 
tively (only 3 were subjected to open operation), Burmann comments 
on the necessity for initial immobilization for at least two weeks Of 
the 24 patients treated b> very early motion and physical therapy, 17 
were left with functional disturbances of vanous degree Of 28 treated 
by primary immobilization for two weeks before institution of motion, 
7 were left with functional disturbance In general, the end results for 
all incomplete fractures and for complete fractures without dislocation 
were good The results of the few complete or partial resections of 
the head of the radius were not satisfactory 

Isolated Fracture of the Capituluni and Trochlea Humeri — Czem- 
birck,^^ reporting 2 cases in which this fracture followed a fall on the 
extended arm, points out that the mechanism described by Bohler for 
this fracture, namely, a fall on the bent elbow with the arm m abduction, 
is not the only mechanism involved In an 18 } ear old patient seen soon 
after injury, he removed the fragment The result was a 30 degree 
limitation m flexion and a 30 to 40 degree limitation of extension In 
a 15 )ear old patient he replaced the fragment The result was lull 
flexion with 40 degrees of limitation of extension 

Fiactiuc of the Carpal Navicular Bone — Cave stresses the impor- 
tance of earl} diagnosis and adequate earl} treatment of injuries to the 

35 Gntsemer, W D Am J Surg 47 57 1940 

36 Burmann C \rcb f Klin Chir 197 115 1939 
V CzLmbirck L Zcntralbl f Chir 66 10S6 1939 
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navicular bones He believes that practically all navicular fractures heal 
It recognized and treated by early prolonged immobilization m plaster 
with the wrist m dorsal flexion and radial deviation For nonunion the 
introduction of an autogenous bone graft through a drill hole m the bone, 
followed by prolonged fixation m plaster, seems to produce the most 
satisfactory results 

Slipped Femoral Epiphy^ii> — Ghormle}' and Fairchild report the 
results of treatment of 55 patients with slipped upper femoral epiphysis 
Twenty-six gave a definite history of severe injury to the hip In 21 
there was a gradual onset of symptoms Alales outnumbered females 
more than 3 to 1 Sixty-one per cent were normal or slightly above 
normal m weight The age varied from 9 to 18, with the majonty 
between 13 and 16 years Some were adults with old deformities 
Three patients were treated with a cast alone Of these, 1 had a good 
result and 1 a fair result , the other was unchanged Eight were treated 
by manipulation, with good results for 6, a fair result for 1 and a poor 
result for 1 Open reductions were done m 6 cases, with good results 
m 2, a fair result m 2, a poor result m 1 and an unknown result m 1 
No internal fixation was used m 4 cases, and a bone screw was used 
m 1 Osteotomy of the femoral neck was done mil cases, m 7 with- 
out internal fixation, m 3 with beef bone screws and 1 with Kirschner 
wires Of the patients in this group, 6 had good results , 3 had fair 
results, m the case of 1 it was too early to judge, and 1 was lost In 
12 cases of a preslipped stage of the disease, conservative treatment 
(splints, braces, crutches, physical therapy) was used In 8 of these 
there were good results, m 2, fair results, m 1, poor results, and in 1, 
unknown results The authors feel that early diagnosis and protection 
against further slipping by conservative measures can preserve a fairly 
normal hip Closed reductions can be done only early and by the gentlest 
manipulation In open operations when the epiphysis is not free they 
believe that a cuneiform osteotomy through the neck can be done with 
least damage to the epiphysis 

Fractnie of the Femoral Neck Due to Metrazol Therapy- 
Schizophrenic patients treated with metrazol have very severe muscular 
spasmodic contractions, which have been responsible for 23 fractures 
reported m the literature (Eight were of the femoral neck, 2 bilateral ) 
Struppler adds 2 more cases m which epileptiform convulsions of great 
severity resulted m fractures of the femoral neck requiring metallic 
fixation He suggests that the patients be supported m bed with the 
hips and kn ees flexed during administration of the drug He hopes that 

39 Ghormlej, R K , and Fairchild, E D Diagnosis and Treatment of Slipped 
EpiphNses, JAMA 114 229 (Jan 20) 1940 

40 Struppler, C Arch f khn Chir 197 028, 1939 
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this position of joint relaxations may minimize the effect of muscle 
contractions Clinically, it apparently has made the cramps much easier 
to bear 

Ununited Fractures of the Femoral Neck in the Aged — Gallie and 
Lewis present their experience m the treatment of fractures of the 
femoral neck m the aged, based on 15 cases of use of a Smith-Petersen 
nail together with a bone graft The technic consists of placing a nail 
close to the lower border of the neck, drilling a ^ inch (12 cm ) hole 
parallel to the nail in the upper portion of the neck and inserting a bone 
graft from the fibula or a suitable piece of bone from the crest of the 
ilium or the tibia Union took place more slowly than in fresh fractures, 
but most of the patients were up in a chair in six months and walking 
after two or three months more 

Staple for Trausi^erse Fractures of Long Bones — ^Lexer and Large 
introduced a U'Shaped nail, really a staple with an elongated central 
portion Both limbs of the staple were sharpened for introduction into 
the shaft of the bone so as to bridge the break Andreesen has 
modified this staple and in addition fastens it to the bone by circular 
wire encompassing the bone above and below the fracture It replaces 
a '‘Lane plate ” The modified nail is three sided, has its ends shortened 
to 0 4 to 0 5 cm and is notched in various places on its external surface 
to insure that the circular ties will stay in place 

Fractures of the Tibial Plateau — Fractures of the tables of the tibia 
constitute about 3 per cent of fractures of the leg and may occur at any 
age after adolescence P'ractures of one table are more common than 
fractures of both tables, and 70 per cent involve the external table The 
cause is usually indirect, the femoral condyle coming down on the tibial 
plateau with the knee in a valgus position Central compressions prob- 
ably result from the ineniscuses taking the blow from the outer rim 
Gcrard-AIarchant divides these fractures into two types, separation 
fractures and compression fractures A separation fracture is one in 
which the fractured table is separated from the mam portion of the tibia, 
but without impaction There are several t>pes of separation fracture, 
depending on the point at wdiich the fracture line enters the articular 
surface The fragment may be displaced in anv direction and is some- 
times rotated The compression t\pe of fracture may consist of a central 
or a marginal depression or the entire tuJierosity ma> be impacted A 
third t\pe of fracture is a combination of the seiiaration and compression 
frieture Ihcre max he as'^ociatcd lesions such as fractures of the tibia 


•41 CalliL W r and Lewis FI T Tiont loint Surg 22 76 1940 

42 \nclrttseii K Zeiuralbl f Chir 66 1552 1939 

43 Cierard-Marehaiit P Rt\ d oriliop 26 499 19j9 
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tubercle, the tibial bpine or the fibula Ligamentous lesions usuall} 
involve the opposite lateral ligament Cartilaginous injuries are frequent 
and are a major problem Treatment consists of either closed or open 
reduction There are several methods ot closed reduction in common 
use Manual reduction consisting of strong traction followed by adduc- 
tion or abduction, combined with moldings, is often an efficient method 
This will not be ot any use in a centially depressed fracture Instru- 
mental reduction is trequently utilized and may consist of traction by a 
Kirschnei wire or the use of compressing instruments, mallets or 
Bohler’s method of prying up the fragment by insertion ot a nail The 
last-mentioned method was not satistactor} in the author’s hands Fixa- 
tion atter closed reduction is usually by plaster, although some preter 
rontinuous ti action For the latter method to be efficacious, the fragment 
under traction must be higher than the other, and the other fragment 
must be fixed b}^ capsular or hgamentus attachment Traction is ot 
definite value in fractures of both tuberosities 

Open operation may be done either with or without opening ot the 
knee joint There are a great many incisions in use, but tlie surgeon 
should strive to get good exposure, particularly of the lower and pos- 
terior part of the fragment, in order to facilitate the repair By doing 
an arthrotomy at the time of operation, the surgeon has the advantage 
of better visualization of the fragments and also the ability to inspect 
the meniscus The latter is undoubtedly torn in maii}^ cases, and the 
diagnosis cannot be made without opening the joint The opponents 
of arthrotomy raise the objection that opening the knee has special risks, 
and that it may be followed later by arthritis In general, arthrotomy 
should be done if the fracture is complex, if the menicsus is suspected of 
being torn or if there is a tibial fragment in the joint 

Reduction of the tragments is often difficult even with wide exposure 
The tragments may be solidly impacted and crushed together The act ot 
prying up the fragment may easily crush the spong)'' bone and create 
a large defect interior to the raised fragment The perfection of reduc- 
tion should be judged by reestablishment of the articular surtace Atter 
reduction the fragments are never stable enough to leave without internal 
fixation Various forms of internal fixation are in use Nails do not 
hold well in the soft bone If screws are used, they should be long an 
relatnely thick Two screws are better than one, and the fragment 
should be temporarily fixed with wires to prevent displacement ulnle 
the screw is being inserted Bone grafts may also be used for fixation 
Gratts do not gue as firm fixation as does metal, and they are Ubele^^ 
for the separation tracture Bone grafts ha\e their greatest useUiIne:.^ 
in the impacted fractures, in order partly to fill the defect reniainii’o 
atter reduction 
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ORTHOPEDIC OPERATIONS 

Reconstructive Operations for Septic Arthritis of the Hip Joint — 
Hallock presents end result studies on 38 patients who had 46 opera- 
tions for reconstruction or stabilization of a hip joint that had been 
damaged or destroyed by previous suppurative arthritis There were 20 
reconstructions, 4 arthroplasties, 7 shelf stabilizations and 15 fusions 
The results indicate that reconstructive procedures in children generally 
control dislocation and eliminate pain but leave considerable limitation 
of motion Pam is likely to develop in adult life because of poor 
mechanics Arthroplasties may prevent late development of pam, but 
many patients do not have enough residual bone for this type of proce- 
dure Well const iTicted and well placed shelves, unless absorption 
ensues, will provide dislocated hips with stability and fairly good ranges 
of motion Fusions, however, can be relied on to provide stable hips 
free from pain and without marked limp unless poor position is obtained 
or there is too much shortening Early diagnosis and drainage of septic 
hips will decrease the necessity for reconstruction operations If opera- 
tions are to be done, it is advisable to wait two to three or more years 
after cessation of all drainage or other evidence of activity 

Excision of the Patella foi Arthritis of the Knee Joint — Berkheiser 
discusses the morphology and comparative anatomy of the patella and the 
role of the patella in the mechanism of the knee joint He then presents 
a senes of 11 cases in which the patella was excised for arthritis of the 
knee, the aim being to relieve the patient of pain on extension and to 
increase the range of motion The operation and the postoperative care 
are described, and 2 cases are given in some detail The results of this 
operation were satisfactory in 8 cases and only fair m 3, which were 
not well selected In general there was relief of pain and increase in 
function 

Lengthening of the Tibia and Fibula — Abbott and Saunders report 
on the further development of lengthening of the tibia and fibula There 
are certain patients in whom epiphysial arrest is no longer applicable, 
because they have reached matunti There are others, of short stature, 
in whom further reduction in height is undesirable es|)ecially patients 
with marked degree of shortening, furthermore, it is to be borne in 
mind that shortening of the leg is earned out on the sound limb and on 
this ground may be objected to b) the patient Such indications, 

Hallock, H Reconstructive and Stabilizing Surgerv for Residual Sup- 
purative \rthrilis of Hip Joint Stud} of Fort} -Si\ UnsckclLd Cases, J \ M A 
113 2398 (Dec 30) 1939 

d*) IkrklKi''cr E J Excision of Patella in \rthritia of Knee Joint 1 \ 

M \ 113 2303 (Dec 23) 1939 

\hlx>it I C and Saundvrs J B dc C M \nn Surg 110 9ol, 1939 
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the authors feel, make it desirable to retain the procedure of leg length- 
ening for a limited group and prompted them to do further studies with 
a view to reducing the chances of complications Among the complica- 
tions were deformities of the knee and of the ankle, malunion or 
nonunion, limitation of joint motion, muscle weakness, neural and 
circulatory disturbances, infection, and aseptic necrosis To overcome 
these difficulties they describe an operation based on new principles 
These involve complete division of the deep fasciae of the leg, the inter- 
muscular septums and the interosseus membrane, as well as freeing 
of all the important blood vessels and nerves at the upper portion of the 
leg Special osteotomies have been devised to retain the maximum 
portion of the origin of the muscles A new apparatus has been used, 
which, they believe, gives better control of the fragments and offers 
less chance of infection of the pm wounds They emphasize that the 
operation of leg lengthening is and in all probability always will be a 
major undertaking, with the possibility of serious complications The 
procedure demands an intimate knowledge of anatomy and a care u 
study of every stage of the operation and postoperative care The report 
covers 7 cases of treatment by the new method 

Fusion of the Ankle — ^King reports the results of ankle fusion m 

106 patients operated on at the New York Orthopedic Dispensary an 
Hospital from 1934 to 1938 inclusive In 72 patients ankle fusion was 
perfonned for paralytic drop foot In 66 of these patients a ^ 
triple arthrodesis had been carried out previously for lateral in^a 1 1 7 
of the foot In 19 of 23 patients with drop foot and unstable eo 
knee was stabilized by ankle fusion Ankle fusion was performe 
cases for paralytic calcaneous deformities In 9 of these the pa i 
also had an unstable knee , in 8 the knee was stabilized by an e us 
In 85 cases, or 80 per cent, the end result was considered goo^^ 

10 cases, or 9 per cent, it was only fair In no case was the resu 
sidered poor The author recommends fusion in 5 to 10 egre 
equinus for males and 10 to 15 degrees of equinus for fema es 

Correction of Congenital Suhluiation of the Fifth Toe 
varus deformity of the fifth toe with subluxation of the fifth me 
phalangeal joint appeared in 60 cases during the past five years 
New York Orthopedic Dispensary and Hospital results 

performed 25 operations to correct this condition atieut 

were obtained in 16, good results in 4 and poor results m 3 the 

was not seen after operation One patient in the group m ^^q^or 
results were poor was operated on at the age of 2 years, w nc 

I , Droo Foot a”*! 

47 King, B B Ankle Fusion for Correction of Paraly 

Calcaneus Deformities, Arch Surg 40 90 (Jan ) 1940 

48 Lantzounis, LA J Bone & Joint Surg 22 147, 1940 
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feels IS too young The operative technic consists of making a 2 inch 
(5 cm ) longitudinal incision over the dorsal aspect of the fifth meta- 
tarsophalangeal joint The extensor digitorum longus tendon of the 
fifth toe is isolated and divided at the distal end of the incision The 
periosteum of the distal end of the fifth metatarsol bone, the capsule and 
the periosteum of the proximal phalanx are incised longitudinally and 
are then elevated subperiosteally from the dorsal, lateral and medial 
surfaces, their plantar attachment being left undisturbed A drill hole 
is made in the distal end of the fifth metatarsal bone, and the proximal 
portion of the previously severed tendon of the extensor digitorum longus 
muscle IS threaded through and sutured back onto itself A mattress 
suture IS placed in the periosteocapsular flap, the toe is then plantar 
flexed, and the mattress suture is tied As a result of the tension exerted 
by the periosteocapsular flap, the toe is then stable, occupying a normal 
position without support 

RESEARCH 

Phosphatase Activity in Early Callus — Tollman and his associates 
studied the relation of blood phosphatase, tissue phosphatase, tissue 
calcium and tissue metabolism m a senes of rabbits subjected to oste- 
otomy of the radius They found no definite relation between the le\el 
of blood phosphatase and the healing of fractures There was an 
irregular increase m tissue phosphatase activity and calcium deposition 
with time A close relation was found between the phosphatase activity 
of the callus and the amount of calcium deposition There was an initial 
rise in tissue metabolism of the callus, followed by a fall 

Bone-Regenerating Activity of Penostenni — Levander attempted 
to find by animal experimentation what ability to form bone there was in 
the periosteum In adult animals periosteum was removed and trans- 
planted under the skin In none of the 9 animals used was there any 
bone regeneration In \oung animals, similar subcutaneous transplanta- 
tions showed new bone formation in 33 per cent for homoimplantation 
ill 6 animals and in 25 per cent for autoimplantation in 8 animals The 
new bone de\eIops out of newly formed mesenchymal tissue at the seat 
of implantation Implantation of bone, periosteum and bone marrow m 
1 1 aninnls subcutaneously led to the production of bone Of 5 animals 
with autoimphntation 2 showed bone regeneration The author behe\cs 
that some substance is liberated from h\ing bone tissue which possesses 
the power of actuating nonsiKcific mesenelnmal tissue and causing it 
to become cIilTerentiated into cartilaginous or bon} tissue The cellular 

49 Tollnnn J P Drummond D H McIiUnfl V R and Biseard J D 
Fisnuw \ktab4)hMii and Phosphata^L in Earl> Callus \rcb Surg 40 43, 

(hiu) 19*;() 

^0 I L\aiukr G \cta chir Scandma\ 83 1 1939 
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mesenchymal layer of the periosteum should be regarded as part of the 
bony tissue itself Periosteum should be reserved as the term tor the 
connective tissue membrane which at all ages surrounds all bony tissue 

Joint Cartilage Under Various Physiologic Demands — Freund “ 
presents a study of the response of cartilage to certain functional stimuh 
The behavior of cartilage under ultraph} siologic conditions (increased 
pressure) and mfraphysiologic conditions (disuse) is discussed Botli 
of these factors a disuse and overuse, are analyzed in the case of an 18 
year old patient with spastic quadriplegia and athetosis Thorough 
macroscopic and microscopic studies of joint surfaces are made and 
compared with normal Freund concludes that functional stimuh below 
or above the phv siologic optimum, if activ'^e ov^er a long period, are 
deleterious to joint cartilage The damage does not remain hmited to the 
joint cartilage in growing persons but draws the bom portion of the 
epiphysis into participation by stopping further enchondral ossification 
Whether the pressure force is intense and w orking ov^er a relatively short 
period or whether it is still within ph} siologic limits but ot protracted 
or even continuous action, the result will be the same The joint cartilage 
wull lose its normal elasticity and wall suffer irreparable damage Anv 
marked alteration of function for a long period is certain to lead to 
degenerative changes of joint cartilage and may be follow'ed by the v\ lo e 
S 3 mdrome of fully developed arthritis deformans 

Tiansplanted Epiphysial Cartilage — In an effort to lengthen 
Bisgard transplanted full segment thicknesses of epiphySial 
trom the femur into the tibia, which had been dmded transversel) 
segments consisted of epiphysial cartilage plate with adjacent bone ^ 
constituted less than half of the plate Eight goats 
month old were used One ammal lost its leg as a result of 
interference, and 1 had an infected wound with loss of the gra^ 
the remaining 6 goats union occurred The animals were 
three months All growth took place at the epiphysial en ^ 
instance was length gamed at the site of bisection In severed 

preliminary shortening from absorption either of bone at e 
ends of the tibia or of cartilao[e of the graft 

o o f fnrCC 

Lymph Spaces of Normal and Diseased Meniscus * > 
studies of the vascular supply of the memscuses 
avascular save for the anterior and posterior ends of ^ j^j^g 
They rely on the lymphatics for resorption and are provi e v^^ 
broomlike strands of l)mphatics, which follow the course o 

51 Freund, E Joint Cartilage Under Infraphysiologic, Ultraplw 
Euph} siologic Demands, Arch Surg 39 596 (Oct) 1939 

52 Bisgard, J D Transplanted Epiphysial Cartilage, Arch u 8 
(Dec) 1939 
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that make up the meniscus They are demonstrated by the hydrogen 
peroxide method of Mangus, in which bubbles of gas liberated by the 
decomposmg chemical as part of a catalytic reaction to tissue fluids 
fill the lymph channels and permit them to be studied Rostock repro- 
duces studies of normal and abnormal lymph channels in degenerated 
and regenerating meniscuses In a regenerated meniscus, apparently 
the lymph channels begin in time to approach the normal pattern as 
the tissues of the new meniscus respond to the demands of function 

[Ed Note This is an interesting study Too sweeping conclu- 
sions cannot be drawn from studies with hydrogen peroxide alone 
Tissue spaces and blood vessels can be spread out by the catal}^ic action, 
and these can be confused with lymphatics ] 

Pathologic Picture oj Malacia oj the Lunate Bone — Nagura 
working in Japan presents an interpretation of the zones of repair in 
cases of malacia of the lunate bone In his opinion, he has found the 
key to the pathogenesis He finds the areas similar to those associated 
with other aseptic necroses of bones As the result of an injury, the 
articular cartilage and the spongiosa are broken, and a fissure extends 
into the spongiosa Instead of the spongiosa healing with bone, chon- 
droblasts from the cartilage-spongiosa boundary invade the cleft resulting 
from the trauma and go on to form a cartilage plane segregating the 
fracture area This plane grows in thickness, and the fractured-off area 
protrudes into the joint space, where it is subjected consequently to 
further trauma The bone is weakened, and the remaining bone breaks 
down under trauma The areas of cartilage repair degenerate, and a 
giant cell, foreign body reaction type of repair follows, which marks the 
site of necrotization Only the volar half of the bone remains Patho- 
logic sections are reproduced in support of his explanation of the course 
of events 

Effects on Ribs of Increased IntranicduUarv Pressure — Using a 
modification of a method described b}^ Larsen m 1938, Cressman and 
Bhlock present work which was carried out on the ribs of dogs 
The experiments demonstrate that the cortex and the marrow may be 
killed and the periosteum separated by increased intramedullar} pressure 
In the absence of infection, periosteum is reattached and new bone is 
laid down, substituting the necrotic bone with sequestration Non-toxm- 
procliieing organisms are well tolerated and result in hardi} more altera- 
tion of the rib than does pressure alone Toxin-producing staph} lococci 
cause necrosis of bone and marrow and when eombmed with the necrosis 
sueeeediiig on eleeated intramedullar} pressure cause extensue neero-.is 

5^ Rostock P Vrch f klin Chir 197 7b2 1940 

54 \a^,ura S Vrch f klin Chir 197 405 19o9 

55 Crusbinaii R D and Blalock \ Surj,<.r\ G 555 1940 



812 


ARCHIVES OF SURGERY 


and sequestration which greatly resemble osteomyelitis In the human 
being Necrosis of bone produced by elevated intramedullary pressure 
and the presence of virulent organisms, whether implanted directly or 
localized from the blood stream, leads to sequestration The seques- 
trums, however, need not be extruded, as they are absorbed in situ 

Expo iincntal Aitiuitis in Rabbits — Cecil and his co-workers"® 
report that they produced arthritis in rabbits with hemolytic streptococci 
and Streptococcus vindans introduced intravenously They were able 
to produce arthritis by intravenous injection of Staphylococcus aureus, 
Bacillus paratyphosus A and Pneumococcus, but not with a number of 
other organisms which were tried When streptococci were introduced 
into other sites, particularly the gums and sinuses, the animals had 
arthritis, depending on the degree of invasion df the blood stream and 
not from late dissemination of bacteria from an infected focus Arthritis 
usually developed during the stage of bacteremia Streptococci were 
repeatedly grown from the synovial fluid during the first two or 
three weeks after injection but seldom thereafter The sedimentation 
rate was increased and the agglutinin titer elevated in a very high per 
centage of cases m which streptococci were injected The pathologic 
changes taking place in the joint are described and are similar ^ ^ 
changes associated with rheumatoid arthritis in man Although stap } 
lococci produce marked suppuration in the joints, there was little i or 
ence in the pathologic picture after subsidence of the acute infection 
from that of arthritis produced with streptococci 

Notch Shadozvs in Lateral Roentgenograms — In an anatomic study 
of the vertebral bodies of fetuses and newborn infants. Wagoner an^ 
Pendergrass described the “notch” seen in lateral roentgenograms 
the vertebral bodies They found that the postenor notch sha ^o 
results from the presence of an actual indentation in the posterior 
of the body and is the point of entrance of the posterior arteries or ^ eii ^ 
The anterior “notch” results from the presence of a large sinusoi spa 
within the vertebra 

56 Cecil, R L , Angevme, D M , and Rothbard, S Am J M Sc 198 
1939 

57 Wagoner, G , and Pendergrass, E Am J Roentgenol 42 663, 1939 
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EXPERIMENTAL STUDIES ON HEADACHE 

PAIN-SENSmVE STRUCTURES OF THE HEAD \ND THEIR 
SIGNIFICANCE IN HEADACHE 

BRONSON S RAY, MD j 

AND 

HAROLD G WOLFF, MD 

NEW YORK 

Studies on man and lower animals have shown that tlie cranial blood 
vessels are pain-sensitive structures, capable under special circumstances 
of giving rise to headache ^ The distention of cerebral arteries is pri- 
marily responsible for the headache produced by certain chemical agents, 
of which histamine is representative , “ the headache associated with 
septicemia and fever is m the same category ^ It has been shown that 
the afferent fibers from the pam-sensitive cerebral artenes above the 
tentorium enter the brain stem primanly through the fifth cranial nerve, 
whereas the fibers from the artenes below the tentorium enter the 
nervous system chiefly through the upper cervical nerves * The disten- 

From the Departments of Surgery and Medicine of the New York Hospital 
and Cornell University Medical College 

1 (a) Leake, J P , Loevenhart, A S , and Muehlberger, C W Dilatation 

of Cerebral Blood Vessels as a Factor in Headache, J A M A 88 1076 (April 2) 
1927 (b) Hitz, J B , and Karamer, A G The Effects of Stimulation of Cerebral 

Blood Vessels, Thesis, University of Wisconsin Graduate School, 1926, ated by 
Leake, Loevenhart and Muehlberger (c) Levine, M, and Wolff, H G Afferent 
Impulses from the Blood Vessels of the Pia, Arch Neurol «Su Psychiat 28 140 
(July) 1932 (d) Wolff, H G Headache and Cranial Artenes, Tr A Am 

Physicians 53 193, 1938 

2 (a) Pickenng, G W and Hess, W Observations on the Afechanisms 

of Headache Produced by Histamine, Clm Sc. 1 77, 1933 (b) Clark, D , Hough, 

H B , and Wolff, H G Exi>enmcntal Studies on Headache Observations on 
Histamine Hcadaclic, A Research Nerv Ment Dis, Proc (1934) 15 417, 1935 
Experimental Studies on Headache Observations on Headache Produced b> 
Histamine, Arch Neurol &. Ps>chiat 35 1054 (May) 1936 

3 (ff) Sutherland A M , and Wolff H G Experimental Studies on Head- 
ache Observations on ^Icchanis>m of Headache in liligraine, H>pcrtcn<;ioii and 
Fever Therapv, Tr \m Neurol 54 103, 193S (6) Pickering G W Experi- 
mental Observations on Headache, Bnt M J 1 907, 1939 

Schumacher G \ , Rav B S and Wolff H G Experimental Studies 
on IKadachc Further AnaKsis oi Histamine Headache and Its Pam Pathv\a>s 
to be publi bed 
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tion of certain branches of the external carotid arteries is chiefly respon- 
sible for migraine headache and the headache associated with arterial 
hypertension ° 

Thus, data about the great variety of headaches resulting from disten- 
tion of cranial arteries are specific, but there is lacking detailed informa- 
tion about the sensitivity to pain of the majority of the structures ot the 
head, essential to an understanding of other varieties of headache More- 
over, little precise information exists concermng either the sites of refer- 
ence when pam-sensitive structures are stimulated or of the pathways 
that convey the impulses interpreted as headache The demonstration at 
postmortem examination and by histologic methods of the presence of 
nerve fibers or nerve endings m a given structure does not in itself justify 
the inference that the structure is sensitive to pain, afferent fibers can- 
not be distinguished with certamt}'’ from efferent, nor can pam-conducting 
afferent fibers and end organs be differentiated from other afferent 
nerves It is desirable, therefore, to turn to a more direct method of 
study, and to this end an excellent opportunity is offered during surgical 
procedures on the head 

Surgeons who employ local anesthesia during surgical procedures on 
the brain are aware that some intracranial structures are more sensitive 
than others However, impressions with regard to sensitivity may be 
inexact unless special care is taken to make accurate and repeated 
determinations and recordings Valuable observations concerning 
sensitivity to pain have already been made “ 

5 Graham, J R , and WolfF, H G Mechanism of Migraine Headache and 
Action of Ergotamine Tartrate, A Research Nerv & Ment Dis , Proc 
18 638, 1938, Arch Neurol & Psychiat 39 737 (April) 1938 Sutherland am 
Wolff -a 
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During the last five years an attempt has been made in this clinic to 
acquire in an orderly way from patients during operative procedures a 
more exact knowledge of the sensitivity to pain of structures inside and 
outside the cranium It is the purpose of this communication to present 
the data thus acquired and to consider their clinical significance 

METHOD 

As a basis for this study, there was selected from a large group a 
limited senes of 30 patients ^ The following conditions were required 

1 Surgical exposure of the lesions of the brain afforded an opportun- 
ity to make careful observations on the sensitivity to pain of the struc- 
tures within and outside the cranium 

2 The patients were intelligent and cooperative, so that not only 
could pain be reported but its site and nature could be described 

3 The patients were relatively free of apprehension and of pre- 
occupation with pain, so that a minimal amount of local and general 
analgesia was required 

4 The operative procedures were such that the patients were not too 
prostrated or inarticulate to describe their sensations 

5 The structures in every case were free of any disease process 
This was necessary to insure normal responses to stimulation 

6 The observations were recorded in detail and by appropriate 
charts at the time they were being made in the operating room The 
records included the site and kind of stimulation and the localization and 
nature of the pain when it resulted 

The type of stimulation employed in each instance will be included 
m the data on the following structures 

OBSERVATIONS 

Scalp, Galea, Fascia and Muscle — -One hundred and fifty observa- 
tions were made on 30 subjects 

The scalp was sensitive to all the usual forms of thermal, chemical, 
mechanical and electrical stimulation The galea was sensitive to pain 
but otherwise insensitive Where the blood vessels were in close contact 

New Points jn Its Anatomy, Physiology and Pathology, J Neuropath & Psycho- 
path 17 193, 1937 (/) Northfield, D W C Some Observations on Headache 

(Hunterian Lecture Abridged), Brain 61 133, 1938 (m) Penfield, W , and 

McNaughton, F Dural Headache and the Innervation of the Dura Mater, Tr 
Am Neurol \ 64 106 1938 Oi) ^IcNaughton, F The Innervation of the 
Intracranial Blood Vessels and Dural Sinuses A Research Nerv & Ment Djs , 
Proc (1937) 18 178 1938 (o) Fa>, T Problems of Pam Reference to the 

Extremities, Am J Surg 44 52 1939 

7 Observations on 15 additional cases have verified the foregoing data 
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with the galea there was usuall) greater sensitn ity to pain than at other 
places The fascia covering the temporal and occipital muscles and also 
the muscles themselves were ever}nvhere sensitn e to pain The pain 
arising in all these structures usually was experienced some'where near 
the region of the stimulus 

Peyiosteinn of the Skull (Epio aniiiin) — One hundred obsen'ations 
were made on 30 subjects 

The periosteum had a variable sensitivity to pain On the w'hole it 
was not particularly sensitive, and m spots over the vertex it was 
entirely msensibve In general, the sensitivity increased in the regions 
just over the brow, low m the temporal regions and low^ in the ocapital 
regions Always w'hen a periosteal elevator w^as used to strip up the 
periosteum around the base of the skull there w^as a complaint of 
moderate pain, felt somewhere m the neighborhood of the point of 
stimulation 


Cianial Bone, Including Diploic and Emissary Veins — The cranial 
bone was everjwvhere insensitive This was demonstrated many tunes 
in the process of drilling, sawnng, rongeurmg and coagulating at all 
points of the skull This general statement is valid for the inner and 
outer tables and the cancellous central portion It may further be stated 
that when there w^as occasion to test for pain m regions of endostoses and 
exostoses, w’^hich were sometimes highly vasculanzed, there was still 
no evidence of sensation (3 subjects, 12 observations) The venous 
channels (diploic veins) of the bone w’^ere also insensitive on faradic 
stimulation (3 subjects, 12 observations) There w'as occasion to stim- 
ulate directly the walls of some of the larger diploic veins both ivith 
faradic current and by the coagulating endothermy , no pain wms elicited 
Specifically, the principal diploic veins studied were the ocapital, the 
mastoid and the large lateral venous channels The walls of the ocapital 
and mastoid emissary veins just outside the skuU (fig 1 -^) were direct!) 
stimulated wnth faradic current and found to be insensitive (3 subjects, 
12 observations [fig 1 A]) 

Eitracranial Artei les and Veins— Ail of the arteries of the scalp were 


tound to be sensitive to pain, w^hereas the veins were much less so or 
not at all (fig 15) The principal extracramal artery is the superficia 
temporal, w'hich is a branch of the external carotid artery and supplies 
the larger portion of the parietal region The supraorbital and the frontel 
arteries are branches of the ophtliahnic artery (itselt a branch of t e 
internal carotid artery) and supply the frontal region The occipi^ 
arteries and the postauncular arteries are branches of the extern 
carotid arter)' and supply the occipital and suboccipital regions There 
are \eins corresponding to each of these mam artenes By vanous 
methods it was demonstrated that the mam trunks of all of these arteries 




Fig 1 — A, view of the diploic and emissary veins of the cranium Q indicates 
the point of stimulation without pain B view of tite arteries of the scalp 
indicates the point of stimulation causing pain The diagrams show the area of 
pam following stimulation of (i) the occipital arteries, (2) the supraorbital and 
frontal arteries, and (J) the superficial temporal artery 
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were sensitive to pain The stimuli employed included faradic current, 
burning, distending, stretching and crushing (temporal artery, 6 subjects, 
with 24 observations, occipital artery, 5 subjects, with 20 observations, 
frontal and supraorbital arteries, 2 subjects, with 8 observations) 

Stimulation of two different points 3 cm or more apart caused pain 
which was localized at slightly different sites Charts of the observations 
showed that m each instance the pain was felt m the general region ot 
the point of stimulation and that stimulation of both points at once 
produced pain over a larger area than a combination of the t^vo painful 
areas produced previously (fig 2) 



Fig 2 — View of traction sutures sjunmetrically placed in the wall of the super 
ficial temporal artery The mechanical distention of tlie artery resulUng to 
simultaneous traction on all three sutures caused pain in the dotted area 


Distention ot an artery by stretching its walls with the spread ot a 
clamp inside its lumen elicited pain, and an intermittent pain follows 
alternate spreading and closing of the clamp Distention ttas effecte in 
still another way, by means of three fine silk threads attached to the 
ot the temporal arterj^ and so spaced m relation to each other that 
they w ere pulled simultaneously the temporal arter)^ was distended w h 
out mterterence \\ith the blood flow Passing the fine curved iiee cs 
through the outer lav ers of the arterial \\ all produced no sensation c 
pressure likewise was not percened, although pinching was ass 
with pain It was observed that distention induced in the manner ^ 
cated, that is, by pulling the three threads simultaneoush , pro 



RAY-WOLFF--P AIN -SENSITIVE STRUCTURES OF HEAD 819 


well localized pain m the temporal region, in an area about 5 cm in 
diameter The pain was aching, persisted as long as distention was 
maintained and promptly ceased when it was discontinued By repeat- 
edly and rhythmically distending and collapsing the artery a throbbing 
quality could be given to the headache When the threads were applied 
m the aforementioned manner m two places, one nearer the ear and one 
about 1 5 cm fai ther toward the temporal region, distention by pulling on 
either group of threads produced pain similar to that just described, but 
the areas of discomfort were separately located, the one nearer the ear and 
the other over the temple When the two groups were pulled simul- 
taneously, so that distention occurred at two separate sites, the ache 
seemed to be more widespread than the sum of the two painful areas 
produced previously, and the headache then seemed to reach from the 
front of the ear to the middle of the supraorbital ridge The headache 
resulting from this distention was associated with a feeling of nausea or 
sickness Longitudinal stretch of an artery was painful m the same man- 
ner as the lateral stretch of distention 

Constriction of the lumen was not painful The repeated application 
of epinephrine to exposed and otherwise pain-sensitive arteries caused 
vigorous constriction of the vessels but no pain Crushing and stroking 
of the arterial wall always resulted in pain 

In all such experiments no procaine hydrochloride was employed 
m the region about the artery The introduction of procaine hydro- 
chloride into the adventitia of the temporal artery immediately produced 
anesthesia to all stimuli a few centimeters distal to the point of injection 
The implication is that the sensory nerve supply originates near and 
travels along with the arteries It should be pointed out that sometimes 
a number of small visible nerves were seen passing along the course 
of these arteries, and this was particularly true of the supraorbital and 
occipital arteries To be sure, direct stimulation of these nerves was pain- 
ful, but the tests referred to were all on tl;je artery itself after it had been 
separated from any visible adjacent nerve trunk Since the temporal 
artery has a rich anastomosis with the supraorbital and frontal arteries 
anteriorly and the occipital arteries postenorly, there is reason to assume 
that there is also a free overlapping of the nerves supplying these 
vessels Hence, even when the nerve supply of the temporal artery was 
blocked in the temporal region, if one of the main branches of this artery 
\\as traced far enough anteriorly or posteriorly it was again found to be 
sensitive, presumably because of an additional nerve supply from these 
areas 

The anterior and posterior arteries of the scalp, that is, the frontal, 
supraorbital, postauncular and occipital arteries, were found to be sensi- 
tive to crushing, burning and stretching, just as were the temporal 
arteries 
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Diual A)tenes — The principal dural artery is the middle meningeal, 
a branch of the external carotid artery which supplies all of the supra- 
tentorial dura except for the dura of the floor of the anterior fossa and 
that over the anterior pole of the brain The latter dura is supplied 
by the anterior meningeal arteries and by branches of the internal carotid 
and of the ethmoidal arteries The subtentorial dura is supphed by the 
posterior memngeal arteries, branches of the occipital, vertebral or 
ascending pharyngeal arteries 

As m the observations on the arteries of the scalp, it was demon- 
strated that the mam trunks of all the dural arteries were sensitive to 
painful stimuli The stimuh employed included faradizing, burmng, dis- 
tending, stroking, stretclnng and crushing (middle meningeal artery and 
its branches, 11 subjects and 96 observations [flg 3 A] ) Distention v'as 
effected just as it was in testing the sensitivity to pain of the superficial 
temporal artery , on one occasion the tip of a clamp was introduced into 
the lumen of the middle meningeal artery and spread, and on another a 
series of silk sutures equally placed about the circumference of the artery 
were simultaneously pulled on (fig 3 B) The pain produced was 
localized fairly accurately in the area of distention and also was common y 
described as being m the back of the eye It was aching, similar to that 
resulting from distention of the temporal artery It also was accompanie 


by nausea . 

A few of the smaller branches arising from the main divisions o 
the middle meningeal artery, even within a few centimeters of the mi 
at the vertex, were found to be sensitive to pain The area in w ic 
the pain was felt was usually fairly discrete and was somewhere m 
region of stimulation In general, the pain experienced from stimu ation 
of the middle meningeal artery was within the homolateral tempor 
parietal region and was deep and aching It could be shown that t er^ 
was a slight discrepancy m the exact localization when different 
of the artery were stimulated Thus, pain arising from the mam 
of the artery and the more proximal part of the anterior 
in the midtemporal region, pain arising from the more distal ivis 
of the anterior branch was more parietal m its location, and 
from the posterior branches of the artery was localized behind o 




the other two sites 

The usual experience associated with reflection of a 
osteoplastic flap was the occurrence of sharp pain m that genera 
as a result of stretching the middle memngeal artery or tearing i 
its groove m the bone (24 subjects, 24 observations) The seventy 
pain v as ^ ariable but usually comparable to that from pamfu supe 
structures and more severe than that arising from 
pam-sensitn e intracranial structures This impression was su ^ ^ 

b\ application of other stimuli to the artery Although disten lo 



RAY-W0LFF--PAIN^SENSITIVE structures of head 821 


mam trunk of the artery by some mechanical means repeatedly caused 
pain, vigorous constriction of the arterial wall after local application 
of epinephrine was unaccompanied by pain These findings conformed to 
those made on similarly testing the superficial temporal artery 

Transection, ligation or procaine hydrochloride infiltration of the 
midmemngeal artery any^vhere along its course, even as far proximal 
as the foramen spinosum, was always followed by anesthesia of the artery 
distal to that point This finding plus the further observation that the 
dura which lies between the branches of the midmemngeal artery was 
insensitive to pain indicates that the pam-conducting fibers join the 
artery near its origin and travel adjacent to it 

The localization of pain from stimulation of the anterior meningeal 
arteries was limited to the forehead and the region of the eye on the 
same side (12 subjects, 48 observations) That from the posterior menin- 
geal arteries was limited to the back of the head on the same side (4 
subjects, 16 observations) The sensitivity to pain of the antenor and 
posterior meningeal artenes was limited to the most proximal portions 
of these quickly arborizing vessels, and the small distal branches in the 
dura over the frontal poles of the cerebrum and over the cerebellar lobes 
were insensitive to pain 

Dura, Supratentorial — The supratentorial dura (fig 4) covering the 
convexities of the cerebrum and exclusive of the base was found to be 
entirely insensitive to all forms of stimulation except along the margins 
of the dural sinuses and along the course of the middle meningeal artery 
(11 subjects, 148 observations) 

The entire dural floor of the antenor fossa (12 subjects, 48 observa- 
tions), on the contrary, while inconstantly sensitive to pressure, was 
almost uniformly sensitive to faradic stimulation, and the pain arising 
from this region was localized to the homolateral eye, that is, over,, 
within, behind or beside the eye Sometimes, stimulation of the floor of 
the antenor fossa at widely separated points caused pain at slightly 
different sites within the general region about the eye The dura of the 
olfactory groove was found to be unusually sensitive to pain, while 
the dura that forms the roof of the orbit was perhaps slightly less so 
The dura along the superior aspect of the sphenoidal ridge, in the region 
of the dorsum sellae and at the base of the antenor clinoids was but 
moderately sensitive At the lateral and anterior margins of the floor 
of the fossa, that is, lateral and antenor to the roof of the orbit, the 
dura became progressively less sensitive to pain and was finally insensi- 
tive at points 2 cm or more above the floor (fig 5) 

As an example of the occasional vanation from the normal m the 
presence of a local disease process, the following experience deserves 
mention The dura several centimeters above the floor of the antenor 
fossa was found to be sensitive in the presence of a large meningioma 
of this region which had a wide attachment to the dura of the floor of 
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this fossa and above Furthermore, arteries over the convexity and within 
the substance of the tumor which had doubtless grown m from the 
anterior meningeal arteries were sensitive to pain The pain arising from 
stimulation of these arteries and from the dura about the upper margins 
of the tumor’s attachment was experienced in the region about the eye, 
just as was noted after stimulation of the normal dura and dural arteries 
on the floor of the anterior fossa 

It should be emphasized that, while visible portions of the dural 
arteries of the floor of the anterior fossa were sensitive to pain, the dura 
which lies between these vessels was itself sensitive to pain The tests 
were made when the tissue was dry, so that spread of the stimulation was 
minimal A similar arrangement was found to exist m the posterior 
fossa But the same was not true for any part of the floor of the middle 
fossa Here the dura was insensitive While all the principal branches 
of the middle meningeal artery were sensitive to pain, the dura at all 
points more than 2 mm away from such vessels was insensitive to all 
the aforementioned forms of stimulation The floor of the middle fossa 
(fig 5) was examined as far medially as the foramen lacerum and the 
cavernous sinus (4 subjects, 20 observations) 

Stimulation of the dural capsule of the components of the fifth cranial 
nerve resulted in pain usually distributed over the face, and it was 
impossible to determine whether the nerve itself rather than its capsule 
was receiving the stimulus Suffice it to say that whatever served to 
stimulate the capsule doubtless stimulated the nerve also 

Dura of the Sella Turctca and Dtaphragma Sellae — There was 
opportunity to make observations on the dura and diaphragma of the sella 
only when tumors existed m the region, and in these instances the 
dura was more or less attenuated from distortion and compression by the 
tumor Faradic stimulation of the thinned-out diaphragma in a case of 
pituitary adenoma failed to cause pain Pressure on this structure and 
also tearing it by spreading its fibers with a clamp produced pain experi- 
enced just behind the eye, yet crushing the torn edge did not cause pain 
It appeared that the pam induced by pressure and tearing was the 
result of distortion of the pain-sensitive carotid artery nearby (3 subjects, 
20 observations) 


Expljvnation of Figure 3 

Fjg 3 — A, view of the middle meningeal artery indicates the point of 

stimulation of the dura without pain ^ indicates the point of stimulation causing 
pain The diagram shows three overlapping areas of pain m the parietotemporal 
region resulting from stimulaUon of different portions of the artery and its branches 
f?/ MCw of traction sutures symmetrically placed in the wall of the middle meningeal 
arterj The mechamcal distention of the artery resulting from simultaneous traction 
on all three sutures caused pain in the hatched area on the diagram 
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The only opportunity for stud} mg the duia lining the sella occurred 
on tlie occasion of introduction ot a suction tube into the depths of 
the sella or pulling with forceps on the deep fragments of a pituitary 
adenoma Both of these methods of stimulation in 1 subject produced 
pain near the top of the head Furtheimore, if the stimulus was applied 
to the left side of the sella the pain was felt to the left of the midline 
at the vertex , the opposite was true for the other side In this case it was 
known that the roof of the sphenoid sinus had collapsed, and it is possible 
that the membranous lining of the sinus was being stimulated and was the 
cause of the pain at the vertex 



^ View of the superior sagittal sinus and the adjacent venous lacunae 
and arachnoid granulations indicates the point of stimulation without 

^ indicates the pomt of stimulation causing pain The diagram shows the area 
of pain following stimulation of the margin of the superior sagittal sinus 


Dura oj the Posterior Fossa — The dura over the convexity of the 
cerebellar hemispheres was everywhere insensitive to pain except along 
the margins of the occipital and transverse sinuses (6 subjects, 150 
observations) The floor of the posterior fossa, on the other hand, was 
uniformly sensitive in a fashion comparable to that of the anterior fossa 
Roughly , the floor of the posterior fossa was taken to be that more or less 
triangular region which lies between the nm of the foramen magnum 
an the lateral attachment of the tentorium cerebelli Observations wi 
c ose y spaced stimulation of the dura of this region revealed that, whi c 
^ ^ 1 ‘Ga was sensitive to pain, from some points the pain was fe t 

just behind the homolateral ear, and from other points it was felt m the 
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That portion of the dura which lay over or was near the margins 
of the lateral (sigmoid) sinus when stimulated caused pain behind 
the ear (2 subjects, 8 observations) Section of the ninth and tenth 



adjacent venous sinuses and venous tributaries Q indicates the point of stimula- 
tion without pain indicates the point of stimulation causing pain. The diagrams 
show the area of pain following stimulation of (i to 8 ) the dura of the floor of 
tlic antcnor fossa, (9 and 17 ) the middle meningeal artery, (10 to 12 ) the dura 
of the floor of the posterior fossa, ( 13 ) the inferior wall of the transverse sinus, 
( 14 ) the superior wall of the torcular Herophili, ( 15 ) the superior wall of the 
trans;crse sinus and upper surface of the tentonum cerebelh, and ( 16 ) the inferior 
cerebral veins 
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cranial nerves in 1 of the patients made it impossible to elicit pain on sub- 
sequent stimulation of the aforementioned dural and sinal structures 
Stimulation of the remaining and more mesial portion of the dura, 
extending to the nm of the toramen magnum caused pain low in the 



6 — ^View of the venous sinuses and the dura over the cerebellum 
the upper part of the cord indicates the point of stimulation without P 

indicates the point of stimulation causing pain The diagrams show th 
of pam followmg stimulaUon of ( 1 ) the transverse sinus, (2) the 
Herophili and upper part of the occipital sinus, and (2) the lower part 
occipital sinus 

back of the head (2 subjects, 14 obsertations) This region of the 
\\ as sometimes seen to be traversed by small branches of the po 
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meningeal arteries, and the localization of the pam following stimulation 
was the same for both the dura and the arteries (2 subjects, 8 observa- 
tions) Section of the posterior roots of the first three cervical nerves 
in one of the patients made it impossible to elicit pain on subsequent 
stimulation of the aforementioned dural and arterial structures There 
was no occasion to visualize or stimulate the dura which lies beneath 
the brain stem and covers the clivus blumenbachii (figs 5, 7 and 8) 



Fig 7 — View of the falx cerebn, the dura and venous sinuses of the postenor 
fossa. indicates the point of stimulation without pain indicates the 

point of stimulation causing pam The diagrams show the area of pain following 
stimulaUon of (i) the superior sagittal sinus, (2) the sigmoid sinus, (i) 
tlie transverse sinus, {4) the upper part of the occipital sinus, (5) the lower part 
of the occipital sinus, and (6) the dura of the floor of the posterior fossa 

Fah — It was found that burning, cutting, faradic stimulation and 
pressure along the anteroposterior extent of the falx failed to produce 
pam unless the margins of the superior sagittal sinus were displaced or 
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encroached on (5 subjects, 35 obsei vations) An exception to this gen- 
eral finding on the sensitivity of the falx was the observation that 
faradic stimulation of the first few centimeters above its attachment to 
the crista galh caused pain in and about the homolateral eye (2 subjects, 
6 observations) There was opportunity to explore the inferior margin 
of the falx only along the anterior half of its border with the infenor 



8 V lew of the arteries and dura of the posterior fossa. indicates 
point of stimulation without pain indicates the point of stnnulation 

pain The diagrams show the area of pain following stimulation of 
internal auditory artery, (2) the dura at the porus acusUcus, (.3) the wall o 
the sigmoid sinus and the adjacent dura, (^4) the dura near the rim of the foram ^ 
magnum , (5) the vertebral artery , (6) the posterior infenor cerebellar artery, 

(7) a pontile artery 

sagittal sinus , this much of it was found to be insensitive Lateral pres 
sure against the falx ^Mth a blunt ventncular needle was exerted to 
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degree sufficient almost to puncture this tough structure, without causing 
pain Sometimes the point of pressure was within 2 cm of the superior 
sagittal sinus, yet pain did not result (figs 7 and 9) 

Tcntormm Cerebelli — On the superior surface of the tentorium it 
was found that pressure against its central portion caused pain in the 
homolateral side of the forehead and the region of the homolateral eye 
Faradic stimulation of this surface in spotty areas of apparently fortuitous 
distribution (fig 5) caused pam m the same region (4 subjects, 20 
observations) 

On the inferior surface of the tentorium the findings at first appeared 
variable but eventually permitted inferences to be drawn Slight or even 



Fig 9 — View of a coronal section through the head, showing the falx cerebri, 
the tentorium cerebelli and the associated venous sinuses 0 mdicates the point 
of stimulation of the falx cerebn without pain indicates the pomt of stimula- 
tion causing pain indicates the pomt at which stimulation of greater 

intensity than usual is required to produce pam The diagrams show the area of 
pain following stimulation of (i) the superior sagittal sinus and tributary veins, 
(2) the supenor surface of the tentonum cerebelli and wall of the transverse 
sinus, (J) the inferior wall of the transverse sinus, and { 4 ) the inferior surface 
of tlie tentonum cerebelli, resulting in secondary effects on 2 and 3 


moderate pressure upward usually failed to cause pain unless the margins 
of the venous sinuses were approached, in which case pam was usually 
experienced behind the homolateral ear When pressure on the center 
of the tentorium was increased, pain occurred behind the ear, m the 
region of the forehead and eye on that side or in both regions Strong 
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pressure applied at a point near the free edge at the side of the pons in 1 
case caused pain low m the back of the head on the same side, apparently 
because of secondary displacement of some other pain-sensitive structure 
Faradic stimulation of sufficient intensity to induce pain m the structures 
with well established sensitivity to pain (figs 9 and 10) failed to cause 
pain when applied to points on the undersurface of the tentorium more 



Fig 10 View of the undersurface of the tentorium cerebelli indicates 

the point at which stimuli of usual intensity cause pain , the diagrams show the 
area of pain following stimulation of (i) the torcular Herophih, (2) the straight 
sinus, and (J) the transverse sinus ^ indicates the point at which stimuli of 
usual intensity cause no pain whereas stimuli of increased intensity cause fronta 
pain , diagram 5 shows the area of pain following stimulation of the undersurface of 
the tentorium cerebelli indicates the point at which stimuli of usual intensity 

ause pain behind the homolateral eai whereas stimuli of increased intensity cau 
p in o\er the entire homolateral side of the head , diagram 4 shows the area of P 
lollowing stimulation ot the transverse and straight sinuses 
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than 5 mm from the venous sinuses It was found further, however, that 
if the intensity of the stimulus was increased sufficiently pain was 
experienced in the forehead and in the region of the eye on that side, 
suggesting that the stimulus was transmitted through the tentorium 
to its superior surface (5 subjects, 35 observations) 

Dural Sinuses and Their Tributary Veins — Superior Sagittal Sinus 
The walls of the major extent of this sinus were found to be sensitive to 
pain, although in general the pain produced was only moderately intense 



F>S 11 — View with the calvarium removed The dura and the meningeal 
arteries are shown on the left, the cerebral and tributary veins are shown on 
the right Q indicates the point of stimulation without pain indicates the 

point of stimulation causing pain The diagrams show the area of pain following 
stimulation of (i) the margin of the superior sagittal sinus, (2) the middle 
meningeal artery, and (i) the tributary veins to tlie superior sagittal sinus 

as compared with that resulting ironi stimulation of the middle memngeal 
artery or of the large arteries at the base of the brain Pressure, trac- 
Uou and faradic stimulation A\ere used In addition, it was discovered 
that stripping the dural wall awav from its attachments to the cranial 
Mult produced slight pain In its more anterior portion, that is, along 
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its first 7 or 8 cm , the sinus was either insensitive or much less sensitue 
than in its middle and posterior thirds Pam in the frontal part of tlie 
head and in the region of the eye usually followed stimulation of the 
sensitive regions Sometimes the pain arising from the more anterior 
half of the sinus was localized m the parietal region, near the vertex It 
was also noted, although it was impossible to define the area accurately, 
that the middle third of the sinus lost some of its sensitivity after an 
incision through the dura that traversed the mam trunk of the mid- 
memngeal artery and the ner\es traveling along with the artery The 
side of the head on which pain was felt (figs 4 and 11) was always the 
same as tlie side on which the wall of the sinus was stimulated (8 sub- 
jects, 32 observations) 

Tributary Veins to the Superior Sagittal Sinus (Superior Cerebral 
Veins) These veins, which pass from the cerebral cortex to the sinus, 
were found to be insensitive to coagulation, crushing and faradic stimula- 
tion except for the few millimeters of vessel next to the sinus However, 
traction on the vessels at all points along the extent of tlie sinus pro- 
duced pain in the same sites as that caused by direct stimulation of 
the adjacent wall of the sinus (8 subjects, 32 obser^^ations) There was 
variability in the occurrence and degree of the pain resulting from traction 
on these veins, but sometimes, and particularly along the posterior 
third of the sagittal sinus, very slight traction caused moderately mtense 
pain With tlie sudden collapse of a dilated lateral ventricle, all of the 
veins passing from the cortex to the sagittal sinus were observed to be 
put on stretch, and at the same time there was pain in the homolateral 
frontoparietal and ocular regions (figs 4, 9 and 11) 

Pacchionian Granulations and V enous Lacunae Pacchioman granu 
lations were stimulated with faradic current without producing pain (3 
subjects, 12 observations) It seemed likely that all such arachnoid 
extensions were insensitive The walls of the venous lacunae at various 
points along the lateral margins of the sagittal sinus (fig 4) also were 
insensitive to burning, pressure and faradic stimulation (3 subjects, 
12 observations) 

Inferior Sagittal Sinus The inferior sagittal sinus was stimulated 
only along its anterior 5 to 6 cm , and in this region the channel is of 
smaller caliber and has few or no tributaries from the cerebrum (fi? 
When this anterior portion of the sinus was crushed or stimulated 
faradic current it was found to be insensitive (4 subjects, 12 observa 
tions) 

Transverse Sinus, Torcular Herophih and Straight Sinus (Supra- 
tentorial Surfaces) Stimulation of the walls of the transverse sinuses 
and torcular Herophih on their supratentorial surfaces by faradic cur 
rent uniformly caused pain in the region of the homolateral side of t e 
ore ead and the homolateral eye (4 subjects, 16 observations) 
Stimulation that resulted from pressure and gentle friction in the sa 



RAY-JVOLFF—PAIN-SENSITIVE STRUCTURES OF HEAD 833 


regions was insufficient to cause pain Only a short segment of the 
straight sinus near the torcular was available for study (3 subjects, 
6 observations) Pam resulting from stimulation was felt m the homo- 
lateral side of the forehead and the homolateral eye It was not possible 
to stimulate that part near the free edge of the tentorium, nor were the 
veins of Galen investigated (figs 5 and 9) 

Infenor Cerebral Veins The veins on the inferior surface of the 
temporal lobe were not sensitive to pain But the mam veins which pass 
from the undersurface of the temporal lobe to the lateral end of the 
transverse sinus and to the supenor petrosal sinus were found invariably 
to be sensitive to crushing, burning, stretching and faradic stimulation 
These veins, several in number and sometimes referred to as the veins 
of Labbe, were as long as 1 S to 3 cm in their extracerebral course (figs 
5 and 12 A) When they were stimulated, the pain \\as experienced m 
the homolateral temporal region (3 subjects, 10 observations) 

Occipital Sinus That portion of the sinus that lies in the midlme 
and extends from the torcular to the nm of the foramen magnum was 
uniformly sensitive to faradic stimulation, and the pain was experienced 
m one or both of two regions of the head (figs 6 and 7) Stimulation 
of the sinus near the torcular caused pain behind the ear, while stimu- 
lation near the foramen magnum caused pain low m the back of the 
head After section of the posterior roots of the first three cervical 
nerves it was impossible to elicit pain on stimulation of the sinus near 
the foramen magnum Just as was the case with the other midline 
sinuses, the supenor sagittal and the straight, the side of the head on 
which pain was felt was homolateral to the side on which the wall of 
the sinus was stimulated The divisions of this sinus which partly 
encircle the foramen magnum were also sensitive, and the pain was felt 
low in the back of the head (4 subjects, 20 observations) 

Transverse Sinus, Torcular Herophili and Straight Sinus (Infra- 
tentonal Surfaces) Stimulation of the walls of these sinuses on their 
infratentorial surfaces by faradic current uniformly caused pain m an 
area behind the homolateral ear (6 subjects, 24 observations) In addi- 
tion, it was found that if a current of greater intensity was employed pain 
was also felt in the homolateral side of the forehead and near the 
homolateral eye The tributary veins from the cerebellum to these sinuses 
were found to lack sensitivity to pain when stimulated with faradic 
current, crushed or put on slight traction (figs 6, 7 and 10) 

The wall of the lateral portion of the transverse sinus (sigmoid sinus) 
^\as stimulated from the inside of the posterior fossa (figs 5, 7 and 8) 
The margins of the sinus here are indistinct, but faradic stimulation of 
the dura overlying the sinus, from the margin of the tentorium to the 
jugular foramen, uniformly caused pain behind the homolateral ear (see 
section on the dura of the posterior fossa) 





Fig 12 A, view of the veins at the base of the brain indicates th 
of stimulation causing pain The diagram shows the area of pain followmo s 
tion of the deep segment of the sylvian vein B, view of the arteries 
cerebral cortex Q indicates the point of stimulation without pain 
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The wall of the cavernous sinus in 1 subject was stimulated at 
the point where the midcerebral vein joined it Faradic stimulation here 
caused pain m the homolateral ocular and maxillary region Since the 
ophthalmic and maxillary nerves he in the lateral wall of the sinus, it is 
probable that they were being stimulated directly 

There was no opportunity to stimulate directly the more inaccessible 
venous channels, which include the petrosal sinuses and the basilar plexus 

Pia-Arachnoid — The pia-arachnoid covering the convexity of the 
cerebral and cerebellar hemispheres was found to be insensitive to crush- 
ing, burning, stretching and faradic stimulation, with the possible excep- 
tion of the pia-arachnoid very near to the great arteries at the base of 
the brain (30 subjects, 120 observations) It was found that tearing the 
pia-arachnoid surrounding the carotid arteries and the anterior part of 
the circle of Willis caused subjects to complain of pain, but this might 
well have been the result of secondary pull on these sensitive arteries 
(figs 12 jB and 13^) The arachnoid forming the roof of the cisterna 
magna was found to lack sensitivity to pain (4 subjects, 12 observations) 

Arteries and Veins of the Brain — The pial arteries and veins over 
the superior and lateral convexities of the cerebrum (24 subjects, 300 
observations) and the cerebellum (16 subjects, 150 observations) were 
found to lack sensitivity to pain with all forms of stimulation (figs 12 5 
and 13 ^) 

However, as will be described, when pain resulted from stimulation of 
certain cerebral and pial arteries at the base, it was deep, intense, dull and 
aching It was diffuse, yet grossly localizable, and it became throbbing 
when the stimulus was repeated The pain, when prolonged, was asso- 
ciated with a feeling of nausea When different pam-sensitive arteries 
were stimulated, the quality and intensity of pain that ensued were 
approximately of the same order, but the sites varied, as will be described 
The intracranial segment of tlie internal carotid artery was consist- 
ently sensitive to stretching, stroking and faradic stimulation (3 subjects, 
10 observations) The pain was felt behind the eye and low in the tem- 
poral region on the same side (fig 13 5) 

The middle cerebral artery was found to be similarly sensitive along 
its proximal 1 to 2 cm (3 subjects, 10 observations) Distal to this 
region, where the artery lies hidden in the lateral cerebral fissure and 
where it courses over the parietal lobe, it was not sensitive (20 subjects, 
60 observations) Pain arising from the proximal segment had the same 
distribution m and behind the eye as did that from the internal carotid 
artery 

The anterior cerebral artery was found to be sensitive to crushing, 
stretching, burning and faradic stimulation from its point of origin to 
a point 1 cm beyond the genu of the corpus callosum, a segment several 
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indicates the point of stimulabon without pain B, view of the intracranial p 
ot the internal carotid artery and the proximal part of the middle cerebral 
O indicates the point of stimulation without pain indicates the 

stimulation causing pain The diagrams show the area of pain following stimu a i 
ot (i) the middle cerebral artery and {2 and 3) the intracramal portion 
the internal carotid artery 
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centimeters in length (3 subjects, 12 observations) Beyond this point 
the artery was insensitive The pain arising from the proximal segment 
was experienced in a rather poorly localized area behind and above the 
homolateral eye (fig 14 A) ^ - 

One of the principal pontile arteries at a point about 1 5 cm from 
its origin (figs 8 and 14 5) was found to be sensitive to pain on crushing, 
traction, coagulation and faradization, and the resulting pain was experi- 
enced behind the homolateral ear (1 subject, 4 observations) 

The internal auditory artery, which accompames the seventh and 
eighth cranial nerves (figs 8 and 145), was sensitive to stretching and 
faradic stimulation, and the pain was experienced m and just behind the 
homolateral ear (2 subjects, 8 observations) 

The posterior-inferior cerebellar artery was sensitive to faradic sbmu- 
lation and stretching in the proximal 1 to 2 cm of its course (2 subjects, 
8 observations) , beyond this it was insensitive (6 subjects, 20 observa- 
tions) The pain arising from the proximal segment was felt in a rather 
diffuse area in the homolateral occipital and suboccipital regions (figs 
Sand 14 5) 

The vertebral artery, when stimulated by crushing, traction and 
faradic current, was sensitive to pain ,The pain was slightly more 
intense but had the same distnbution as that following stimulation 
of the postenor infenor cerebellar artery '(figs 8 and 145), that is, 
in the homolateral side of the occiput and subocciput (1 subject, 5 
observations) 

Traction on numerous arteries at the base of the brain occurred 
when there was displacement of the brain stem by retraction dunng 
the removal of angle tumors The pain associated with this maneuver 
was widespread but for the most part was expenenced on the side of 
the head where vessels were being stretched The pain assoaated with 
traction on the circle of WilUs and its branches after distention of the 
third ventricle will be discussed later (see section on the third ventricle) 

The middle cerebral vein, or sylvian vein, which runs in the lateral 
cerebral fissure to the cavernous sinus, was found on faradic stimula- 
tion to be uniformly sensitive to pain m the 3 to 4 cm nearest the 
sinus but inconstantly sensitive higher In 1 subject the vein was sensi- 
tive to pain well up on the lateral aspect of the brain Retraction 
of the temporal lobe for the purpose of exposing the segment of the 
vein near the cavernous sinus did not put the vein on obvious traction, 
since It was rather closely adherent to the frontal lobe, the effect of 
traction on the vein was therefore not ascertained The pain following 
stimulation of all sensitive points (fig 12^) was felt in the anterior 
temporal region and in the outer angle of the brow on the same side 
(4 subjects, 20 observations) 
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Fig 14 A, view of the anterior cerebral artery indicates the 

stimulation causing pain The diagram shows the area of pain following stini ^ 
tion of the proximal segment of the artery B, view of the arteries at the base o 
the brain. indicates the point of stimulation without pain indicates 

point of sUmulation causing pain The diagrams show the area of pam 
stimulation of (i) a pontile artery, (2) the internal auditory artery, C-^) ^ 

proximal portion ot the posterior inferior cerebellar artery, and (4) the ver 
arter> 
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Parenchyma and Nerves — The entire parenchyma of the cerebrum 
and cerebellum, including the vessels found in it, was insensitive to all 
forms of stimulation (30 subjects) The olfactory, optic and auditory 
nerves were not sensitive to pain 

The cranial ninth and tenth nerves were each found, when stimu- 
lated, to cause pain behind the homolateral ear and in the throat Stimu- 
lation of the eleventh cranial nerve caused pain low in the back of the 
head and in the upper cervical region on the same side Stimulation of 
an inconstantly present posterior root of the first cervical nerve caused 



Fig 15 — ^View of the lateral ventricles, the tennmal veins, the choroid plexuses 
and the foramens of Monro Q indicates the point of stimulation without pain 

pain near the vertex of the head, while stimulation of the second and 
third posterior roots caused pain at the vertex and back of the head 
and neck 

Ventricles, Aqueduct of Svlvius and Choroid Plexuses — Lateral 
Ventricles Although sudden collapse and overdistention of the lateral 
ventricles produced pain, direct stimulation of various parts of the 
ventricular walls (with their vessels as well as the choroid plexuses) 
did not result m pain Specifically, it was found that coagulation, com- 
pression and faradic stimulation of the ependymal lining of the entire 
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lateral ventricle produced no pain The large terminal vein which 
passes along the floor of the body of the lateral ventricle was insensitive 
to ciushing, coagulation and faradic stimulation The same was true 
for the choroid plexus at the glomus and m the region of the foramen 
of Monro Spreading the lumen of the foramen of Monro and cutting 
Its margins with the endothermy were painless Firm pressure against 
the part of the ventricular wall nearest the thalamus was not followed 
by pain (4 subjects, 24 observations) 

That a bilateral and diffuse type of headache resulted from rapid 
emptying or overdistention of the ventricular system was repeatedly 



Fig 16 — Schematic representation of a balloon in the lateral ventricle an 
tributary veins passing from the cerebral cortex to the superior sagittal sinus 
indicates the point at which the tributary veins were put on traction, causi s P 
with both inflation and deflation of the balloon The insert (A) demon 
the outward traction on the tributary veins, with inflation of the balloon, a 
downward traction, with deflation The diagrams, 1 and 2, show the area 
resulting from both distention and collapse of the body and frontal horn 
lateral \entricle 

demonstrated during ventriculogpraphic studies In the case of a , 
filling the third ventricle, the changes in pressure of the lateral vent 
alone produced the same type of pain 



RAY-WOLFF^P UN-SENSITIVE STRUCTURES OF HEAD 841 


A balloon placed through a small opening into the anterior horn 
and body of a lateral ventricle when inflated sufficiently to cause over- 
distention of the ventricle produced a diflFuse frontal pain on the 
homolateral side of the head This was done with the brain exposed, 
so that there was no possibility of stretching or coinpressing the dural 
arteries Sudden deflation of the balloon produced a transitory and 
intense but poorly localized pain, again over the frontal area of the same 
side (figs 15 and 16) 

Third Ventricle Manipulation of a paraphysial cyst lying in the 
third ventricle and traction and coagulation of its stalk in the region of 
the roof of the ventncle all were painless The choroid plexus of this 
ventricle also was not sensitive to coagulation 



Fig 17 — Schematic representation of (A) an inflated balloon in the third ven- 
tncle and (B) the resulting traction on pain-sensitive arteries of the circle of Willis 
The arrows indicate the lines of force, with distention of the ventricular floor 
Diagrams 1 and 2 show the diffuse area of pain following inflation of the balloon 


In a case of hydrocephalus due to obstruction of the aqueduct of 
Sylvius, an opening made into the third ventncle through the lamina 
terminalis was unaccompanied by pain Cutting, crushing and coagula- 
tion of the ependyma of the ventricular wall here were painless A 
balloon introduced into the third ventricle through this opening was 
inflated under moderate pressure and caused a diffuse pain o\er all 
parts of the head, variously said to be most intense m the back of the 
head, in the forehead and eyes and m the ears Release of the pressure 
^\as accompanied by prompt cessation of the pain In this respect it 
was unlike the pain which came with both distention and deflation of 
the balloon in the lateral ventricle Pressure from the inside on the 
floor of the third \entncle, behind the chiasnia, produced pain of similar 
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distribution and nature to that tollow mg distention ot the A'entricle, yet 
cutting and stretching of the flooi alone in this region produced no 
pain The conclusion was that the pain accompanying distention of 
the ventricle was due to traction by displacement of the large artenes 
m the region of the circle of Willis (fig 17) 

Aqueduct of Sylvius The ependymal walls ot the aqueduct were 
found to be insensitive when a snugly fitting catheter was used to 
stimulate them by pressure, stretching and traction All parts of the 
walls of the aqueduct from the fourth to the third ventricle (fig 18) 
were thus explored (1 subject, 4 observations) 



Fig 18 View showing the aqueduct of Sylvius, the fourth ventricle, the choroid 
plexus and the cistema magna Q indicates the point of stimulation without pan' 

Fourth Ventricle The ependymal walls of this ventricle lack sensi- 
Mty to pain just as do those of the other ventricles It was found 
at cutting, coagulating and taradizing the roof of the ventricle caused 

0 pain Manipulation, traction and stroking of the floor of the ventricle 

1 euise was painless (4 subjects, 16 observations) The choroid 
p e\uses of this ventricle (fig 18) were insensitive to coagulation, 
crus ling, traction and faradic stimulation (4 subjects, 16 observ^ations) 

COMMENT 

This study does not purport to determine whether structures iound 
to e sensitne to pam on stimulation actually possess sensory endings 
or arc only tra\ersed by pam-conducting fibers This differentiation 



R^Y-WOLFF—P ^INSENSITIVE STRUCTURES OF HEAD 843 


difficult at best even with histologic methods, and conclusions must 
be deferred Thus McNaughton,^"^ who failed to find nerve endings in 
the walls of venous sinuses in man, indicated that the question of their 
presence ‘‘may well be a problem of adequate staining methods Also, 
It IS conceivable that the methods of stimulation employed may not 
have been adequate in every instance to stimulate sensory endings for 
pain In this respect a specific instance, particularly important to con- 
sider, IS that of the pial arteries over the convexity of the hemispheres, 
which were found to be insensitive It may be that the stimulus used 
was inadequate at one point or was not widespread enough to stimulate 
sparsely distributed end organs 

1 ''Pain Pathways” of the Head — The sensory innervation of the 
extracranial structures will not be considered here A discussion of 
the innervation of pain-sensitive intracranial structures readily falls into 
a consideration of (a) the structures supplied by the fifth cranial nerve 
and (b) those supplied by other nerves The fifth ^ and the tenth 
cranial nerves are widely conceded to be the principal afferent nerves 
of the intracranial structures, but, in addition, the ninth, eleventh and 
twelfth cranial ® and the upper cervical nerves ^ play a role, as, perhaps, 
do other cranial nerves as well 

a The sensory fibers of the fifth nerve supply the superior surface 
of the tentorium cerebelh and all the pain-sensitive structures that he 
above it The subtentorial structures probably receive few, if any, fibers 
from the fifth nerve 

Many fibers of the fifth nerve accompany the middle meningeal 
artery and its branches The *‘nervus spinosus'* described by Luschka 
as a branch of the third division and the “nervus meningeus medius"' 
described by Arnold ® as a branch principally of the second division of 
the trigeminal nerve are fairly constant But McNaiighton has indi- 
cated that there are also fine unnamed branches of all divisions of the 
fifth nerve accompanying the artery It is hardly possible or even 
necessary to attempt to allocate all of these fine connections to one of 
the three divisions , suffice it to say that they are all components of the 
fifth nerve 

The nerve fibers follow the mam divisions of the middle meningeal 
artery and form a network in the adventitia Branches of the nerves 

8 (a) Hovelacque, A ^natomle des nerfs craniens et rachidiens et du 

s>stcme grand s^Tiipathique, Pans Ga'^ton Doin 5. Cie, 1927 (b) Pearson, 
A A The Hypoglossal Nerve in Human Embryos J Comp Neurol 71 21, 
1939 (c) von Luschka, H Die Ncr\en in der harten Hirnhaut, Tubingen H 

Laupp, 1850 Fay off 

9 -Arnold, F Handbuch der Anatomic des Mcnsdien, Freiberg, \ Emmer- 
ling and Herder, 1851 
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have been seen to extend out into the dura, auay from the artery The 
failure to find the duia itself sensitive to pain suggests that either the 
nerve fibers and endings are sparsely distributed or that such nerves 
as the dura possesses include no pain-conducting fibers The nerves 
dimmish m number as the vessels divide, but occasionally artenes of 
small caliber near the sagittal sinus have been found sensitive to pain 
It is likely that some of the fibers extend even to the sagittal sinus 
and form a part of its sensory supply, particularly in its middle third 

There is less certainty about the nerves to the anterior meningeal 
arteries and the dura of the anterior fossa, but it is probable that the 
anterior meningeal branch of the internal carotid artery is accompanied 
by fibers which connect directly with the first division of the fifth nerve 
near the gasserian ganglion It is also probable that the meningeal 
branches of the ethmoidal arteries are accompanied by nerves which pass 
through the cribriform plate as branches of the intraorbital portion of 
the ophthalmic nerve Whereas the sensory tests indicate that the 
pain-conducting fibers accompanying the middle meningeal artery do not 
supply any part of the dura traversed by that artery, the facts that the 
dura of the floor of the anterior fossa is umformly sensitive to pain 
and that the quality and site of reference of pain are identical suggest 
that it and its arteries have a common nerve supply 

The nervus tentorii, a branch of the first division of the trigeminal 
nerve, was first described by Arnold" m 1851, and its existence has 
been repeatedly verified since This nerve is made up of afferent fibers 
from at least the posterior extent of the superior sagittal sinus, passing 
by way of the falx to join afferent fibers from the supenor surface 
of the tentorium cerebelli, the superior walls of the transverse and the 
straight sinuses and the torcular Herophili The collected fibers pass 
anteriorly from the margin of the tentorium, in or close to the sheath 
of the trochlear nerve, to join the first division of the fifth nerve about 
1 cm from its ganglion The nervus tentorii, therefore, carries painfu 
impulses from the general region of the posterior and medial aspects o 
the supratentorial fossa 

The same nerv^e (nervus tentorii) in all probability supplies the 
pam-sensitive venous tributaries from the parietal and occipital lo 
to the venous sinuses, but by virtue of the different location of the pa 
follouing stimulation of the group of inferior cerebral veins that dram 
the temporal lobe it is suggested that these latter tributary veins ha\^ 
another inneriation, perhaps from fibers that accompany the posterio 
branch of the middle meningeal artery i 

The arteries of the brain, including the parenchymal branches a ^ 
ako the choroid plexuses, have been shown to be equipped with ner\ 
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fibers and endings Even though Huber's original conception of 
the myelinated fibers as sensory and the unmyelinated as vasomotor 
must now be modified, it is conceivable that many of these are pain- 
conducting fibers Under the conditions of these investigations, how- 
ever, stimulation of the large arteries at the base of the brain and only 
the most proximal portions of their cerebral branches caused pain The 
nerve plexuses about these larger arteries are said to have connections 
with vanous cranial nerves (the third, the fifth, the sixth, the seventh, 
the eighth, the ninth, the tenth, the eleventh and the twelfth) It seems 
unlikely that all of these cranial nerves serve as pathways from the pain- 
sensitive vessels, but at present definite information about these afferent 
pathways for pam is limited 

Studies on experimentally induced ‘'histamine headache" indicate 
that the fifth cranial nerve is undoubtedly the chief afferent nerve for 
headache arising from dilatation of the pial and cerebral arteries of the 
supratentorial fossae It is also clear that stimulation of the intra- 
cranial portion of the internal carotid artery, the proximal 1 or 2 cm 
of the midcerebral and postcerebral artenes and the anterior cerebral 
artery as far up as the genu of the corpus callosum results in pain in 
the region of the homolateral eye Since the pain resulting from stimu- 
lation of these larger arteries of the forebram is experienced in the 
region of the eye, there is further reason to assume that at least the major 
part of the innervation of these vessels is by the fifth cranial nerve 

b The arrangement of nerves beneath the tentorium is more com- 
plicated, but a few inferences regarding pathways for pam seem justi- 
fiable The ninth, tenth and eleventh cranial nerves were shown to be 
sensitive to pain on direct stimulation intracranially, and the pain was 

10 (a) Gulland, L The Occurrence of Nerves on Intracranial Blood Vessels, 

Bnt M J 2 781, 1898 {b) Huber, G C Observations on the Innervation of 
the Intracranial Vessels, J Comp Neurol 9 1, 1899 (c) Stohr, P Ueber die 

Innervation der Pia Mater und des Plexus Choriodens des Menschen, Ztschr f d 
ges Anat 63 562, 1922 (rf) Hassin, G B The Nerve Supply of the Cerebral 
Blood Vessels Histologic Study, Arch Neurol Psychiat 22 375 (Aug ) 1929 
ic) Stohr, P J Nerves of the Blood Vessels, Heart, Meninges, Digestive Tract 
and Urinary Bladder, m Penfield, W Cytology and Cellular Pathology of the 
Nervous System, New York, Paul B Hoeber, Inc,, 1932, vol 1, sect 8, p 383 
(/) Penfield, W Intracerebral Vascular Nerves, Arch Neurol & Psychiat 27 
30 (Jan ) 1932 {g) Chorobski, J , and Penfield, W Cerebral Vasodilator 

Ner\es and Their Pathway from the Aledulla Oblongata, with Observations on 
Pial and Intracerebral Vascular Plexus ibid 28 1257 (Dec) 1932 (/i) Qark, 

S L Inncr\ation of the Choroid Plexus and the Blood Vessels Within the 
Central Nervous System, J Comp Neurol 60 21, 1934 

11 Dowgjallo, N D Beitrage 2 ur Lehre \on der IrmervaUon des penph- 
cribchen Blutgefass*sj stems, Ztschr f d ges Anat (pt 1) 97 9 1932 JklcNaugh- 
ton 

12 Fa> Off o 
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ielt in the geneial region ot the back of the head and subocciput, the 
twelfth cranial neive is said to be similar m this regard The studicb 
with experimentally induced ^Mnstamine headache^^ indicate that the ninth 
and tenth cranial and uppei cervical nerves are undoubtedly the duet 
aflferents for headache resulting from dilatation of pial and cerebral 
arteries of the infratentorial fossa ^ Further differentiation of the specific 
innervation of the structures is afforded by the observation that the 
area ot pain following stimulation of the undersurfaces of the transverse 
sinus, the toicular Herophili, the straight sinus, the upper end ot the 
occipital sinus and the dura in the region of the sigmoid sinus is 
largely in and behind the homolateral ear and in the same area after 
direct stimulation of the ninth and tenth nerves Since in this region 
pain could not be elicited on stimulation of the aforementioned struc- 
tures after section of the ninth and tenth cranial nerves, the deduction 
that these two cranial nerves include afferent fibers for pain from these 
structures is further supported 

Similarly, it is inferred that the upper cervical nerves possess fibers 
foi pain from the lower part of the occipital sinus, the vertebral and 
posterior inferior cerebellar arteries, the posterior meningeal zxitxy 
and the dura of the floor of the posterior fossa near the nm of the 
foramen magnum, since stimulation of the structures atter section ot 
the upper cervical nerves did not elicit pain 

Finally, it is to be emphasized that the innervation by sensory fibers 
of all the stiuctures investigated is strictly unilateral The line of 
demarcation is sharp, so that even structures m the midline have halt 
their innervation from one side and half from the other 

2 The Mechanisms of Headache — From these data, inferences con- 
cerning headache may be formulated Inflammation, traction, displace- 
ment and distention of pam-sensitive structures are the disturbances 
primarily responsible for headache It is noteworthy that as a source 
of pain the cranial vascular structures far outweigh m number and dis 
tnbution all others It is to be anticipated, therefore, that vascular 
structures will often be implicated Yet it is obvious that no singk 
structure or mechamsm is entirely responsible for the headache Hence, 
the following varieties of mechanisms are briefly presented 

a Traction on veins that pass to the sagittal and transverse sinuses 
from the cerebral cortex results m a dull, aching pam over a wide area on 
the front, top and side of the head Not only are most of these ^eI^^ 
sensitive to pam at the site of juncture with the sinus, but secondary trac 
tion on the ualls of the sinuses to which they are attached causes pam 
^ince mam of these veins bridge a gap of 1 to 3 cm between the cortex 
^ the brain and the sinus, swelling of the brain puts them under tensi 
Hence, tumors ot the brain may produce headache either by displace- 
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ment and direct traction on these veins or through secondary hydro- 
cephalus Unusually low intracranial pressure, e g, after lumbar 
puncture, may similarly result in traction on the tributary veins, 
principally those to the sagittal sinus, and thus induce headache Air m 
the subarachnoid spaces alter pneumoencephalographic procedures may 
likewise produce headache by causing traction on these anchoring veins 

b Traction on the middle meningeal arteries causes headache as far 
forward as the eye and as far back as the ear, depending on whether the 
stress is primarily on the more anterior or the more posterior branches 
Dural, extradural or subdural tumors causing traction on these arteries 
in any part of their extent, from their ongin at the foramen spinosum in 
the middle fossa to their terminal branches near the sagittal sinus, may 
thus cause headache 

c Traction on the large arteries at the base of the brain and their 
mam cerebral branches or on the pia-arachnoid in immediate contact with 
them causes headache When the traction is on the intracranial portion 
of the internal carotid arteries and the major components of the circle of 
Willis the headache occurs in the region of the eyes or in the front, top 
or sides of the head Traction on the basilar and vertebral arteries and 
their branches produces headache m the back of the head and neck 
Displacement of this entire arterial system from right to left causes a 
generalized headache, chiefly on the right, from the eye to the neck 
Distention of the third ventricle causes traction on numerous arteries 
at the base of the brain and results in pain all over the head (fig 17) 
Tumors in the region of the sella turcica or above it may cause 
pain by traction on the pam-sensitive arteries at the anterior end of 
the circle of Wilhs The anterior cerebral artery, when under traction 
even as high as the genu of the corpus callosum, causes pain over or 
within the eye Hence, tumors in the frontal lobe or in the corpus callo- 
sum causing traction on one or both of these arteries may produce pain 
in the region of the eye as described 

Since traction on pontile and internal auditory arteries causes pain 
within and behind the ear, tumors of the eighth nerve and others within 
the cerebellopontile angle or in the region of the internal auditory meatus 
may cause pain in the region about the ear 

d Distention and dilation of the intracranial and extracranial arteries 
results in headache (see introductory paragraph) The arteries respons- 
ible for such pain are pial arteries (chiefly at the base, as has been 
descnbed), dural arteries (chieflv the middle meningeal), a few super- 
ficial branches of the internal carotid artery and many branches ot the 
external carotid artery on the front, side and back of the head Five 
\arieties of headache may result from dilatation and distention of cranial 
arteries (1) headache resulting from chemical agents, such as histamine 
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or amyl nitrite, (2) migraine headache,^* (3) headache assoaated 
with fever or septicemia, (4) headache associated with hypertension^ 
and (5) postconvulsive headache 

e Inflammation involving the pam-sensitive structures at the base 
and the convexity of the brain causes severe headache When inflamma- 
tion IS limited to the posterior fossa the headache is chiefly over the back 
ot the head When the inflammation is m the supratentorial fossa the 
headache is primarily frontal or vertical The headaches associated with 
meningitis, subaiachnoid hemorrhage or meningeal invasion by tumor 
are examples of headaches due to local tissue reaction or inflammation 

f Direct pressure by tumors on nerves possessing many pain-conduct- 
ing fibers may cause pain Thus, compression of the intracranial portion 
of the sensory division of the fifth cranial nerve results in pam in the 
front, top and side of the face and head Similarly, compression of the 
intracranial portions of the ninth and tenth cranial nen^es produces pain 
in and behind the corresponding ear, while compression of the upper 
cervical roots results in pam m the back of the head and neck 

Tumors probably do not commonly cause headache through arcuni- 
scribed pressure on the dura even m the pain-sensitive areas Thus, 
mere downward pressure on the dura of the floor of the anterior fossa, 
for example, does not cause headache Although neoplastic invasion of 
the dura with the usual inflammatory reaction may be a cause ot head 
ache, as has been mentioned, traction and displacement of arterial and 
venous structures are the mechanical disturbances more likely to be 
responsible for headache in the presence of a tumor 

Because of its importance, the headache associated with increased 
intracranial pressure will be further considered It is unlikely from the 
data given earlier that mere pressure, local or general, wll of itself gi' ^ 
rise to the incapacitating headaches that sometimes accompany this state 
Other forces associated with the increase in pressure are more signiA^*^ 
Traction on the tributary veins which act as anchoring structures for 1 1 
brain may be evaluated first 

It has been shown that stretching the many tributary veins which pass 
trom the cerebral cortex to the dural sinuses produces pam 
because of the arrangement and location of these vessels, they are po 
on not only when the brain is edematous or distended by dilated veiitric ^ 
but when it sags as a result of sudden withdrawal of cerebrospma ^ 

\ entricular fluid This was demonstrated by placing a balloon m 
lateral ventricle In this experiment both the dilatation and the su 
collapse of the walls of one lateral ventricle produced honiolatera 

13 Leake and others Hitz and Kammer Pickering and Hess 
Hough and Wolfit 

14 Graham and Wolff = Sutherland and Wolfit 

15 Wolff ><1 Sutherland and Wolff =a Pickering 
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headache Under these circumstances distention or displacement of the 
third ventricle could be eliminated as a factor in production of the pam 
Moreover, it is unlikely that the procedure produced enough obstruction 
of cerebral arterial flow to increase the tension of the walls in the large 
arteries at the base 

Second, headache occurring during increased intracranial pressure 
may result from traction on the large pial and cerebral arteries at the 
base of the brain and the proximal portions of their more immediate 
branches The pam associated with dilatation of the third ventricle is an 
example of such a mechanism in operation 

Third, headache may result from traction on the middle meningeal 
artery, secondary to the stretch of the tightly drawn dura over the con- 
vexity of the cerebral hemispheres 

Still another mechanism that deserves consideration is herniation of 
the cerebellum into the foramen magnum during increased intracranial 
pressure The protrusion of the tonsils and vermis of the cerebellum 
into the foramen magnum (during increased intracranial pressure) not 
only may put traction on the occipital sinus but may displace or stretch 
the upper cervical posterior roots This would result in occipital head- 
ache secondary to direct pressure on nerves possessing many pain-con- 
ducting fibers, that is, the sixth mechanism described in the foregoing 
paragraphs 

Northfield,®^ in his explanation of headache from increased intra- 
cranial pressure due to ventncular block, parenchymal tumor or edema, 
advanced the view that headache “is due to some disturbance of the 
tension of the walls of the cerebral vessels and it is this disturbance of 
tension which provides the adequate stimulus for the excitation of 
pam He compared the headache resulting from histamine with that 
resulting from increased intracranial pressure and assumed that m the 
case of both, dilatation of the pial arteries is responsible for the pain 
This argument is based m part on the observation made on animals that 
a gradual increase in intracranial pressure produces dilatation of the 
arteries and veins over the cerebral convexity The mechanism of this 
vasodilatation has never been conclusively defined, but it is probably 
comparable to the cerebral vasodilatation associated with a slower blood 
flow following a fall m blood pressure or to the dilatation following 
inhalation of carbon dioxide Vasodilatation of this magnitude may 
produce headache It is therefore conceivable that headache associated 
with increased intracranial pressure could in part originate in this man- 
ner It IS probable, however, that such vasodilatation alone is less 

16 Wolff, H G, and Forbes, H S The Cerebral Circulation V Observa- 
tions of the Pial Circulation Dunng Changes in Intracranial Pressure, Arch 
Nturol S. Ps>chiat 20 1035 (Nov) 1928 

17 Wolff, H G The Cerebral Circulation, Physiol Rev 16 545, 1936 
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important as a mechanism tor headache during increased intracranial 
pressure than is traction on pain-sensitive arteries and \eins Certainly 
these factors may combine 

Elsberg suggested that ‘^sudden changes in pressure conditions 
within the third ventricle and on the optic thalami that form its lateral 
walls may be a factor m some varieties of headache ” The choroid 
plexuses, vessels and ependymal walls ot the entire ventricular system 
ha^e been demonstrated to be insensitive to various forms of direct 
stmiulation, and, in addition, the thalamus has been pressed on through 
the floor of the lateral ventricle without producing pain Therefore, 
w^hatever pain results from changes in intraventricular pressure probably 
is due to secondary stimulation of the more remote structures mentioned 
in the preMous paragraphs 

3 Headache and Referred Pam — Referred pain is loosely defined 
as any pain which is felt at a site other than that of stimulation Some 
prefer to limit the term to those distant pains that are accompanied by 
paresthesias and mcreased sensitivity of the skin at the site of reference 
In this discussion referred pain wnll be used in the broader sense, to 
indicate pain both with and without increased sensitivity of the skin 
a Headache and Referred Pam from Intracranial Structures 
Because of the uniformity of response in the location of pain following 
stimulation of pam-sensitive intracramal structures, the following 
erahzation is justified Pam m front of a line drawn vertically from 
the ear indicates that a pain-sensitive structure of the superior surface 
of the tentorium (or above) is being stimulated, pain behind this Imo 
implies stimulation of a pam-sensitive structure beneath the tentorium 
It has been maintained that when referred pain is associated wit 
tenderness ^ of the skin, local infiltration of procaine hydrochloride not 
only decreases this local sensitivity but abolishes the referred pmn 
The local sensitivity is decreased by infiltration with this anesthetic, bu 
it has never been possible to eliminate headache or, indeed, to prevent 1 1 
onset of the headache associated with pneumoencephalography or su 
agents as histamine by such infiltration ^ ^ 

The following summary is a correlation of intracranial structures a 
the location of pain resulting from stimulation of these structures 

The structures ^Yhlch when stimulated give rise to pam m the 
region of the eye and forehead are the dura of the anterior fossa, 
meningeal arteries, the structures innervated by the tentorial nerve (whici 
the superior surfaces of the tentorium, torcular Herophili, transverse an 
sinubcs, the sagittal sinus in its posterior half and various tributary veins ^ 

i)inu:>es) , the syhian vein, the intracranial portion of the internal caroti ^^^1 

the \essels of the circle of Willis and the proximal portions of the larger 
branches, and the first division of the fifth nerve 

18 Wtiss, S, and Da\is, D The Significance of Afferent Impulses from 
Skin and the Mechanism oi Visceral Pam, Am J M Sc 176 517, 1928 
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The structures which when stimulated give rise to pain felt m the temporal 
and parietal regions of the head are the middle meningeal arteries , the inferior 
cerebral veins of the temporal lobe that connect with the venous sinuses, and the 
anterior portion of the sagittal sinus and its venous tributaries In the temporo- 
parietal regpon there is even more discrete localization, because stimulation of 
the more proximal parts of the midmeningeal artenes causes pain at a lower 
level than does stimulation of the more distal parts of these vessels 

When parietal pain is produced by stimulation of the midportion of the 
sagittal sinus and its tributaries it is localized near the vertex Traction on the 
floor of a sella turcica containing a pituitary adenoma that had broken through 
the roof of the sphenoid sinus caused pain in the vertex It was inferred that 
the mucous membrane of the sphenoid sinus and not the dura of the sella was the 
structure responsible for this pain 

The occipital and suboccipital regions of the head comprise even a smaller com- 
bined area than the frontoparietotemporal region, and localization of pain to any 
specific part of this postenor area is overprecise Yet some structures in the pos- 
terior fossa are responsible for pain near the midline of the skull and in the upper 
cervical regions only, and other structures are responsible for pain in or behind 
the ear The intracranial structures which when stimulated give rise to pain in 
or behind the ear are the undersurface of the walls of the torcular Herophili, 
the straight sinus and the transverse sinus, the walls of that half of the occipital 
sinus nearest the torcular, the wall of the sigmoid sinus and dura adjacent to it, 
the pontile and the internal auditory arteries, and the intracranial portions of the 
ninth and tenth cranial nerves Stimulation at widely separated points along the 
transverse sinus results m separately localized pain within a comparatively small 
region on a line between the ear and the occipital protuberance 

The intracranial structures which when sbmulated give rise to pain in the 
occiput (near the midhne) and in the upper cervical region include the lower half 
of the occipital sinus and its branches at the margin of the foramen magnum, 
that part of the dura of the floor of the posterior fossa not covering or adjacent 
to the sigmoid sinus , the posterior meningeal artenes , the proximal portion of 
the posterior inferior cerebellar artery, the vertebral artery, the basilar artery, 
and the intracranial portions of the eleventh and possibly the twelfth cranial nerves 
Pam in the back of the head and neck without the more specific localizations 
mentioned results from stimulation of the posterior roots of the upper cervical 
nerves 

Persons with intracranial lesions which produce localized headache 
often have a perversion of sensation to superficial stimuli m that region 
The response to stimulation with cotton, pressure and pinprick in the 
region is in the nature of a paresthesia with hypersensitivity or hyperal- 
gesia Therefore, it is conceivable that an area of such perversion of 
sensation might help to fix the site of an intracranial disease process, be 
it a tumor, a hematoma, inflammation or a scar In actual experience, it 
IS found that the test is sometimes useful when dealing with lesions that 
arc on or near the surface of the brain and impinge directly on pam- 
bciibitue structures Brief histones of 2 patients will serv^e as examples 

19 Lew>, F H The Localization of Intracranial Lesions, Ann Surg 109 
28, 1939 
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Case 1 — A 28 year old woman had the single complaint of persistent pain 
just behind the left ear for two years On examination there were diminished 
corneal sensation on the left and slight incoordination of movements on the 
left side of the body Pressure, touch and pinprick on the scalp in a localized 
region behind the left ear resulted in a paresthesia or in hyperalgesia At opera- 
tion a left acoustic neurinoma was found 


Since the observations on sensitivity to pam in the posterior fossa 
indicate that stimulation of the dura in the region of the cerebellopontile 
angle, the wall of the sigmoid sinus, the pontile artery and the internal 
auditory artery produces pain exclusively m the region just belnnd the 
eai , it is reasonable to conclude that some or all of these structures were 
irritated by the tumor, which gave little additional clue to its presence 

Case 2 — A SO year old man was admitted to the hospital in stupor which 
had become deeper after a series of short, generalized convulsive seizures six 
hours before An unreliable history disclosed only the complaint of moderate 
headache for the preceding few months The meager collection of abnormalities) 
detected on examination suggested a lesion of the left hemisphere, but pressure 
over the right parietal region of the head caused much greater discomfort tliao 
pressure elsewhere Operative exposure revealed a parietal subdural hematoma 
on tlie right 


Observations on sensitivity to pain have indicated that the principal 
intracranial structures responsible for pam in the parietal region are the 
middle meningeal artery and the more anterior portion of the wall of 
the sagittal sinus with its venous tributaries It is reasonable to conclude 
that in this case one or all of these structures were stimulated by the 
hematoma 


In brief, unilateral hyperalgesia localized in the panetal area may 
indicate the presence of a lesion in the region of the middle meninge 
arter}% and hyperalgesia localized in the postauncular region may indicate 
the presence of a lesion m the region of the internal auditor)'' meatus 
On the other hand, areas of local hyperalgesia can be relied on to indica 
the location of the lesion only when the lesion produces direct stimu 
tion of a pain-sensitive structure Even then an area of hypera gcs 
above the eye, for instance, would not help one distinguish 
lesions as remotely separated as those on the dura of the floor o 
anterior fossa or on the supratentorial wall of the torcular Herophi i 
Subcortical cerebral tumors which produce headache and 
paresthesia and hyperalgesia do so only by distant and indirect e ect 
pam-sensitive structures Cerebellar tumors commonly produce, esi 


pain m the back of the head, pain and tenderness over the eyeb 
ha\e attributed the frontal pam to pressure of the tumor on the tento ^ 
but our obser\ations have shown that pressure on the undersur a^^ 
the tentorium, greater than w^ould result from any tumor, is requir 
produce pam in the frontal region A more cogent explanation 
md In peralge^ia of the trontal region in cases of cerebellar tui 
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the tension on tributary veins of the supratentorial sinuses that would 
inevitably result from the hydrocephalus The following case will serve 
to illustrate the point 

Case 3 — A 12 year old girl was admitted to the hospital The complaints 
were of frontal, occipital and suboccipital headache and recurrent attacks of 
vomiting for seven months There was hyperalgesia of the scalp just above the 
right eye and in both suboccipital regions, there were markedly choked disks and 
slight nystagmus but no other localizing signs of a tumor A preoperative diag- 
nosis of cerebellar tumor was made, and ventriculographic examination showed 
symmetric dilatation of the lateral and third ventricles, with the fluid under 
increased pressure Operation disclosed a benign obstruction of the aqueduct 
of Svlvius 

In this instance the areas of headache and abnormal sensory per- 
ception in the scalp were definite and were similar to those encountered 
in patients with cerebellar tumors The observations made at operation 
proved that the pain did not result from any local effects of the lesion 
but only from the indirect effects of hydrocephalus on many pain-sensi- 
tive structures in botli the supratentorial and the infratentonal fossae 

Thus, it IS evident that local tenderness of the scalp serves as an 
index to the structures responsible for pain but cannot be relied on 
implicitly to localize the lesion that initiates the stimulus, especially in 
the presence of hydrocephalus and generalized increase in intracranial 
pressure 

b Headache and Referred Pam from Extracranial Structures of the 
Head and Neck Pam that has its origin in the extracranial structures 
of the head occurs mostly at or near the site of stimulation Yet, if 
intense enough, the pain which arises in any structure of the head, such 
as the skin and artenes of the head and face/^ the mucus membranes of 
the mouth, the eyes or the teeth, may spread to other parts of the head 
innervated by the same division or other divisions of the fifth cranial 
nerve Similarly, intense pam arising in the neck from such structures 
as the skin, artenes and muscles may spread from one cervical segment 
to the next and thus be felt over the occiput as high as the vertex The 
special sites of reference of pam from the paranasal sinuses are under 
investigation 

c Headache and Referred Pain from Thoracic, Abdominal and 
Pelvic Viscera Referred pam implies intimate anatomic connection 
between the site stimulated and the site at which pain is felt, even though 
these two regions are topographically widely separated Headache as 
referred pam from intracranial structures and even from extracranial 
Structures of the head and neck presents no difficulties, since pam is felt 
ui that area on the surface winch is supplied by the same nerve as the 

20 Faj Off Sutherland and Wolff 
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structures stimulated Headache in association with dysfunction of 
other parts of the body, however, not only is more complicated but seldom 
IS referred pain 

In order to separate the headaches that actually are referred pain from 
those that are not, further consideration of the features which charac- 
terize referred pain is desirable First, referred pain and the associated 
paresthesia ot the skin need not be diftused over all parts of that segment 
to which it is leferred but may be experienced in a part of the dermatome 
Second, if the intensity of the afterent impulses from the stimulated site 
IS great enough, the pain and paresthesia may spread from one segment 
to that immediately adjoining it, such spread may include the corre- 
sponding segments on the opposite side of the body Third, the spread 
of pain from one segment to another is progressive and orderly, so that 
intense pain may be experienced far from the segment in which it begins 
One may observe from the account of the progression or find at the time 
of examination that pain and perhaps paresthesia are still present in the 
intermediate segments even though the complaint is centered on the 
more remote segments 

Headaches that are referred pain from sources other than the head 
do occur and have the aforementioned distinguishing features but are 
indeed rare Coronary occlusion is sometimes associated with such head- 
aches The pain of coronary occlusion may begin over the precordium 
and spread to the fifth finger and in succession to the other fingers of 
the hand, up the neck to the angle of the jaw and back teeth and over the 
back ot the head as high as the vertex 

The extent of the spread of pain depends on the intensity of the 
pain, and the more intense the pain the greater is the spread The severe 
pain of gallbladder and renal colic, therefore, may sometimes spread to 
the head, but such headache is exceedingly rare 

There is often confused with the limited variety of referred headache 
just described an entirely different category of headache, to be mentioned 
here only for clarification Thus, when thoracic, abdominal, pelvic or 
any systemic disease is associated with fever or sepsis, headache usually 
lesults It has been shown that headaches associated with these stateb 
arc caued by dilatation of the cerebral arteries and that the site o 
origin ot the sepsis has no bearing on the degree or site of the vasodilata 
tion or the location of the headache In the light of these new data it is 
relevant to consider the often cited instances of headache resulting 
thoracic disease described by Head 

Head maintained that disease of the structures innervated by thoracic 
segments IS commonly associated with headache of specific localization 

21 Head H On Disturbance of Sensation, with Especial Reference to tlie 
t^ain or Visceral Disease, Brain 17 339, 1894 
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He cited as evidence that disease of the tenth thoracic segment is asso- 
ciated with headache over the occiput , disease involving the eighth thor- 
acic segment, with headache of the vertex , disease involving the seventh 
thoracic segment, with headache in the temporal region, and disease 
involving the sixth thoracic segment with headache over the eyes and 
temples When the cases presented as evidence for his thesis are 
analyzed, it is seen that the patient with headache associated with disease 
of the tenth thoracic segment was suffering from bacterial endocarditis 
with lesions of the aortic and mitral valves The patient with disease 
involving the eighth thoracic segment had pulmonary tuberculosis with 
fever The patient with disease involving the seventh thoracic segment 
had a severe anemia and gastralgia The patient with disease involving 
the sixth segment had rheumatic endocarditis with aortic stenosis 
The incidence of fever and sepsis in these patients is to be noted 
The headache was constantly experienced by Head*s patients in this or 
that portion of the head m connection with one or another thoracic 
segment, but this has not been noted with our patients On the other 
hand, it was usual to find the headache predominantly in the temporal, 
panetal, vertical or occipital regions in different patients at different 
times 

SUMMARY AND CONCLUSIONS 

The sensitivity to pain of the tissues covering the cranium, the 
cranium itself and most of the intracranial structures has been ascertained 
from a series of 30 patients ^ during surgical procedures on the head 
Some of the “pain pathways^* and the mechanisms of headache are 
defined 

The use of a variety of stimuli has resulted in the following conclu- 
sions about the sensitivity to pain of the structures investigated 

1 Of the tissues covering the cranium, all are more or less sensitive 
to pain, the arteries being especially so 

2 Of the intracranial structures, the great venous sinuses and their 
venous tributaries from the surface of the brain, parts of the dura at the 
base, the dural arteries and the cerebral arteries at the base of the brain 
are sensitive to pain 

3 Ihe cranium (including the diploic and emissary veins), the par- 
enchyma of the brain, most of the dura, most of the pia-arachnoid, the 
ependymal lining of the ventricles and the choroid plexuses, are not 
scnsitue to pain 

With the exception of those sensations that resulted from stimula- 
tion of the parenchyma and nerves, the only sensation that was exper- 
ienced on stimulation of the intracranial structures uas pain 

Stimulation of the pain-sensitive intracranial structures on or abo\e 
the superior surface of the tentorium cerebelli resulted in pain in \arious 
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legions in front of a line drawn vertically from the ears across tlie top 
of the head The pathways for this pain are contained m the fifth cranial 
nerve 

Stimulation of the pain-sensitive intracranial structures on or below 
the inferior surface of the tentorium cerebelli resulted in pam in various 
regions behind the line just described The pathways for this pain are 
contained chiefly m the ninth and tenth cranial nerves and the upper 
three cervical nerves 

From the data available, six basic mechanisms of headache have been 
formulated Headache may result from (1) traction on the veins that 
pass to the venous sinuses from the surface of the brain and displacement 
of the great venous sinuses, (2) traction on the middle meningeal art- 
enes , (3) traction on the large arteries at the base of the brain and their 
mam branches, (4) distention and dilatation of intracranial and extra- 
cramal arteries, (5) inflammation in or about any of the pain-sensitive 
structures of the head, and (6) direct pressure by tumors on the cranial 
and cervical nerves containing many pain-afferent fibers from the head 

Intracranial diseases commonly cause headache through more tlian 
one of these mechanisms and by involvement of more than one pam 
sensitive structure Traction, displacement, distention and inflammation 
of cranial vascular structures are chiefly responsible for headache 

Headache from intracranial disease is usually referred pain Local 
tenderness of the scalp may serve as an index to the structures respon 
sible when a lesion produces direct irritation of pam-sensitive structures 
Since disease of remotely separated pam-sensitive structures may 
pam and hyperalgesia m identical areas, the clinical usefulness of su 
localization is limited But unilateral hypieralgesia localized in the pan 
tal area indicates the possibility of a lesion near the middle meningc ^ 
artery, and hyperalgesia localized to the postauncular region indica 
the possibility of a lesion m the region of the internal auditory meat 

^lany of the anatoimc drawings accompanying this paper are 
illustrations in the publication of Northfield and in the following textboo s 
anatomy Toldt, C Anatomischer Atlas, edited by F Hochstetter, e 
Berlin, Urban & Schwarzenberg, 1937 Morris, H Human Anatomy, e 
b> C ]\I Jackson, ed 7, Philadelphia, P Blakiston’s Son & Co , 1923 
J Al Traite complet, de Tanatomie de Thomme, Pans, C A Delaunay, 
Spalteholz, K W Hand Atlas of Human Anatomy, translated from ^ 
German edition by L F Barker, ed 4, Philadelphia, J B Lippmcott ^ , 23 
1923 Gra>, H Anatomy of the Human Body, edited by W H Lewis, 
Philadelphia, Lea & Febiger, 1936 Sobotta, J Atlas of Human 
irom the sixth German edition of J P McMurnch, New York, G E 
Compan>, 1930 

^Iiss Helen Goodell helped in the preparation of the manuscript 
drawings 



DIRECT INGUINAL HERNIAS 

A STUDY OF SIX HUNDRED AND FIVE HERNIAS AND OF FIVE 
HUNDRED AND SIXTY-FIVE REPAIRS 

HAROLD J SHELLEY, MD 

FORT WORTH, TEXAS 

This Study covers 605 direct inguinal hernias, none of which had 
been operated on previously ^ Included were all direct hernias in patients 
admitted to the wards at St Luke’s Hospital, New York, from 1926 
to 1935 inclusive, and all repairs of direct inguinal hernias from 1916 
to 1925 inclusive, subsequently observed for nine months or longer 
Of the 605 hernias, 565 were repaired Among the latter, 458 were 
followed for nine months or longer Sixty-eight recurrences were dis- 
covered, giving a recurrence rate of 14 8 per cent The average 
follow-up time was thirty-three and two-tenths months The average 
time after operation at which the recurrences were discovered was 
twenty-six months 

These direct hernias comprised 13 6 per cent of all hernias and 16 6 
per cent of all inguinal hernias included m the study as outlined in the 
foregoing paragraph 

ETIOLOGIC FACTORS 

Onset (Age at Which Hernias Were hirst Noted ) — Only 2 per 
cent of these hernias were first noted during the first twenty years ot 
life Included in the five year period from the twentieth to the twenty- 
fifth year of life was the smallest percentage of hernias, 6 8 per cent, 
found m any five 3 "ear group from 20 to 55 years of age The per- 
centages noted in the five year periods from 25 to 55 years were rela- 
tively equal The highest incidences were in the fifth decade of life, 
both five year groups showing 15 9 per cent of the hernias in this 
entire group From the fifty-fifth year on, each successive group showed 
a marked decrease in incidence The average age of the patients when 
these direct inguinal hernias were first noted was 40 8 years This is 
ten years later in life than was the case with incomplete indirect inguinal 
hernias 

The incidences of recurrence were fairly e\enly spread over the 
h\e 3 ear periods from the age of 30 years on When the patients were 

From the Surgical Services of St Lukes Hospital 

1 All figures m regard to incomplete and complete indirect inguinal hernias 
in this paper are from the following two papers published by me Incomplete 
Indirect Inguinal Hernias A. Study of 2,462 Hernias and 2 337 Repairs Arch 
Surg 41 747-771 (Sept ) 1940 Complete Indirect Inguinal Hernia^ A Studv 
oi o05 Hennas and Repairs Soutli Surgeon 9 257-26S ( April) 1940 


8^7 
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under 25 }ears of age at the time these hernias were first noted, no 
recurrences were found following the repair In patients between the 
ages of 20 and 40 years when the hernias were first noted the recur- 
rence rate was 14 5 per cent , in patients 40 to 60 years old, 15 0 per 
cent, and m patients 60 to SO years old, 23 8 per cent 

Age at Time of Admission o> Opeiatioii — Few of these hernias 
(11 per cent) were repaired surgically in patients under 20 years of 
age Onh 3 5 per cent ^\ ere repaired in patients between the ages ot 


T \BLE 1 — Ai]e at Which Hernia Was First Abated 
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The average age of the patients when direct inguinal hernias were first note 


20 and 25 lears, and but 4 6 per cent in all before the twenty 


-fifth 

\ear ot lite The age incidence at the time of admission to 
or operation increased up to the five year period from 4 d to 
with an incidence of 16 2 per cent Each successive five year 
folloiving the fiftieth year of life showed a marked decrease 
out, greater percentages of patients were found in the more a 
age groups at the time of admission or operation as compare 
corresponding figures for incomplete indirect inguinal hernias, t 
ige age tor the former being 43 7 years and for the latter 34 ^ 

Xo rccurrencp^; wpta tnnnrl rr^llnwinor rp.nairs of direct I & 


recurrences were tound following repairs 
hernia:^ pertormed on patients under the age of 25 cears 


The recur- 


SHELLEY— INGUINAL HERNIAS 


859 


fence rate was 9 3 per cent for the age group 25 to 30 years The 
incidences of recurrence were roughly the same in the various five year 
periods from 30 to 70 years Beyond the latter age the numbers of 
followed repairs were too small to give significant recurrence rates 
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of 20 ^ears on were essentially the same for each group, \arynig onl}^ 
troin 14 7 to 15 8 per cent Apparentl}^ the age of the patients at the 
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Sc\ — A great majority of these hernias occurred in males, 969pei 
cent This compared with 88 7 pei cent of incomplete indirect inguinal 
heinias Only 3 1 per cent were found in females, which is about 

Table 2 — Age at Tiiiu of Admission or Operation 
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00 to 65 

29 

48 ' 


21 

2 

95 

1 

05 to 70 

14 

23 


8 

1 

125 


70 to 75 

6 

10 

‘ 91 

3 

1 

33J3 

1 

•14 7 

75 to SO 

4 

07 


2 

1 

50 0 1 


SO to 85 

o 

03 . 


' 0 


■ 

Us 

Totals 

605 

100 0 

100 0 

458 

GS 

14 8 


The average age of the patients at the time of admission to the hospital or operation 
ulrect inguinal hernias was 43 7 years 


Table 3 — Sev 


Se\ 

Male 

Female 

Total 

Hernias 

5S0 

19 

Per Cent 
of Entire 
Group 

9G9 

31 

Number 

Followed 

Postopera 

tively 

440 

18 

Number 

of 

Recur 

rences 

67 

1 

per Cent 
Recur 
rences 

Id 2 

5:> 

115 

Totals 

605 

100 0 

458 



one tourth ot the incidence of incomplete indirect inguinal he*" 

hat W 

The recurrence rate for males, 15 2 per cent, was ^ 

luales after repairs of incomplete indirect inguinal hernias 
rence rates for these t\\ o tj pes of hernia m females were '„]fruin3l 
-aine for direct hernias 5 5 per cent and for incomplete indirec » 
hernias 4 9 per cent 
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Race — The division of these hernias according to the race of the 
patients was essentially the same as that found m the study of incom- 
plete indirect inguinal hernias, as follows white patients, 94 7 per cent , 
Negroes, 5 per cent, and yellow patients, 015 per cent These figures 
corresponded closely to the racial proportions among the general admis- 
sions to the hospital 

Trauma — A history of definite trauma as the etiologic factor in 
the development of their direct inguinal hernias was given by 31 4 


Table 4 — Race 


Race 

Total 

Hernias 

Per Cent 
of Entire 
Group 

Number 

Followed 

Postopera 

tlvely 

Number 

of 

Recur 

rences 

Per Cent 
Recur 
rences 

White 

674 

947 

433 

05 

15 0 

Negro 

30 

60 

24 

3 

125 

Yellow 

1 

015 

1 

0 

00 

Totals 

60o 

100 0 

458 

OS 

14 8 


Table 5 — History of Defimte Trauma as Eiiologtc Factor* 


History of Trauma 

Total 

Hernias 

Per Cent 
of Entire 
Group 

Number 

Followed 

Postopera 

tlvely 

Number 

of 

Recur 

rences 

Per Cent 
Recur 
rences 

Absent 

415 

GSG 

323 

60 

15^ 

Positive * 

190 

31 4 

136 

18 

132 

Totals 

605 

100 0 

458 

08 

14 8 


* Undoubtedly all or a major part of thejse bemlas were present before the Incidence of the 
trauma, which served only to call the patients’ attention to the presence of the hernia In this 
connection it is interesting' to note that among the ^ complete (congenital) indirect Inguinal 
hernias studied a history of definite trauma as the etiologic factor In the development of 
their hernias was given by 20 per cent of the patients who first noted their hernias after the 
ago of 16 years (Shelley, H J Complete Indirect Inguinal Hernias A Study of 305 Hernias 
und Repairs, South Surgeon 1> 2o7 2C8 1930) 


per cent of the patients, as compared to 26 7 per cent of the patients 
with incomplete indirect inguinal hernias (see note under table 5) 

The proportionate decrease in the incidence of recurrence among 
patients giving a history of trauma as the etiologic factor was not as 
definite as with incomplete indirect inguinal hernias With no history 
of trauma, the incidence of recurrences was 15 5 per cent, as compared 
to 13 2 per cent when such a history was given 


SYMPTOMS 

Pain — A slightly greater percentage of these patients ga\e a history 
ot paiu associated with their direct inguinal hernias than uas noted 
With incomplete indirect inguinal hernias (52 2 per cent of the former 
and 49 7 per cent of the latter) 
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Duiation — The average elapsed time from discover}^ of these 
hernias to the patient^s admission to the hospital or repair was one 
year less than the corresponding figure for incomplete indirect inguinal 
hernias The average duration, as defined m a foregoing section, was 
two and nine-tenth years for the former as compared to three and nine- 
tenths years for the latter 

The length of time for Avhich the patients had had their direct 
inguinal hernias before operative repair apparently had little eftect, if 
any, on the recuirence rate 


Table 6 — Histo)y of Pain Associated zvith Hernia 



History of Pain 

Total Hernias 

Per Cent of Entire Group 

Absent 


289 

47 8 

Positive 


316 

62 2 

Total 


005 

100 0 


Table 7 — Duration (Tune Hernia PVas First Noted to Tune of Adnussion 

or Operation) 


Duration 

Total 

Per Cent 
of Entire 

Number 

Followed 

Postoi)era 

Number 

of 

Recur 

Per Cent 
Recur 

Hernias 

Group 

tively 

rences 

rences 

To 1 week 

74 

12 2 

60 

S 

13 3 

To 1 month 

143 

23 6 

110 

16 

14 0 

First 0 months 

270 

44 6 

204 

30 

14 7 

Second 6 months 

65 

10 7 

57 

9 

la^ 

To 1 year 

335 

55 4 

261 

39 

14 9 

0 to 5 years 

403 

76 5 

363 

59 

10 3 

5 to 10 years 

74 

12 2 

49 

4 

S2 

0 to 10 years 

537 

888 

412 

63 

lo^ 

10 to 20 years 

47 

78 

31 

4 

12 9 

20 to 30 years 

20 

3 3 

14 

1 

71 

oO to 40 years 

1 

015 

1 

0 

00 

Totals 

605 

100 0 

45S 

68 

143 

average duration 
lor direct Inguinal hernias 

(time elapsed 
was 2 9 years 

from discovery to time of 

admission 

or operation) 


PHYSICAL FINDINGS 

compared to the findings with incomplete indirect inguina 
hernias, the incidence of direct inguinal hernias with the sac of 
bize that it was contained entirely in the inguinal canal was one fou^ 
greater, 32 6 per cent for direct hernias and 26 7 per cent for inconip c 
indirect hernias The percentage of hernias which extended be)Oi 
ihc external ring but not into the scrotum was slightly more 
third greater in the case of direct hernias, 55 per cent compared to 
per cent In contrast to these increases in incidence, scrotal hern 
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showed an incidence of only slightly more than one third that found 
with incomplete indirect inguinal hernias, 12 4 per cent compared to 
32 6 per cent 

The incidences of recurrence for the two groups in which the sac 
extended just beyond the external ring or into the scrotum were more 


Table 8 — 


size of 

Total 

l^umber 
Ber Cent PoUowed 
of Entire Postopera 

Isumbcr 

of 

Recur 

Per Cent 
Recur 

Operative Deaths 

Per 

Cent 

3Ior 

Hcrala t 

Hernias 

Group 

tively 

rences 

rences 

(1920-1933) 

tallty 

Size 1 

197 

32 6 

140 

13 

82 

0 In 100 operations 

00 

Size II 

333 

650 

260 

45 

17 4 

1 In 163 operations 

00 

Slzo III 

75 

12 4 

53 

U 

20 

1 In 43 operations* 

23 

Totals 

GOo 

100 0 

458 

08 

14^ 

1 In 312 Operations* 

0 32 


* The single death was duo to a volvulus which developed after operative reduction and 
repair of a strangulated hernia The strangulation developed In an old Incarcerated hernia 
t Size I Hernias In which the sac was limited In extent to the Inguinal canal 
Size U Hernias in which the sac extended beyond the external ring but not Into the 
scrotum 

Size III Hemlos In which the sac extended Into the scrotum 


Table 9 — Unilateral and Bilateral Hernias'^ 





Number 

Number 




Per Cent 

Followed 

of 

Per Cent 


Total 

of Entire 

Postopera 

Recur 

Recur 


Hernias 

Group 

tlvely 

rences 

rences 

Unilateral right 

140 

24 7 

113 

15 

13^ 

Unilateral, left 

98 

10 2 

78 

12 

15 4 

Total unilateral 

248 

40D 

191 

27 

14 1 

Total bilateral 

337 

601 

267 

41 

li>4 

Total right 

328 

64 2 

261 

40 

15i) 

Total left 

277 

46 8 

207 

28 

135 

Totals 

605 

100 0 

458 

GS 

14 8 


(B) 

Bilateral hernias repaired separately recurrences 16 2% 

Bilateral hemlos repaired at one sitting recurrences 16 6% 

(O) 

Unilateral hernias recurrences right 65 6% of total left 44^% of total 
Bilateral hernias recurrences right 01 0% of total loft 39 0% of total 


* Each Iwrnla was counted Individually Each direct Inguinal hernia was considered one 
of two bilateral Inguinal hernias wlien there was or had been an Inguinal hernia of any typo 
on the opposite side 


than twice that found when the sac was limited to the inguinal canal, 
17 4 and 20 9 per cent for the former and 8 2 per cent for the latter 

The only death following repair of a direct inguinal hernia occurred 
ill the group in which the sac extended into the scrotum, giving a mor- 
tality rate for that group of 2 3 per cent This death followed operative 
reduction and repair of a strangulated hernia 

Umlatoal and Bilateral Hernias — The incidence of bilateral hernias 
among direct inguinal hernias was nearly twice that found among incom- 
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Type lA — Same as type 1, except that the conjoined tendon was 
sutured to the inguinal ligament with a fascial suture obtained from 
the aponeurosis of the external oblique muscle, after the technic of 
McArthur 

Type 2 — Repair with transplantation of the cord between the con- 
joined tendon and the aponeurosis of the external oblique muscle, 
after the technic of Bassini, with catgut sutures only 

Type 2A — Same as type 2, except that the conjoined tendon was 
sutured to the inguinal ligament with a fascial suture obtained from 
the aponeurosis of the external oblique muscle, after the technic of 
McArthur 

Type 2B — Same as type 2, except that a fascial suture from tlie 
fascia lata was used to suture the conjoined tendon to the inguinal 
ligament, after the technic of Gallic 

Type 3 — Repair with transplantation of the cord between the 
overlapped layers of the external oblicjue aponeurosis, after tlie teclinic 
of Willy-Andrews, with catgut sutures only 

Type 4 — Repair with transplantation of the cord external to tlie 
external oblique aponeurosis, with or without overlapping of the apo 
neurosis, after the technic of Halsted, with catgut suture material orJ} 

Type 4A — Same as type 4, with a fascial suture from the apo 
neurosis of the external oblique muscle used to suture the conjoine 
tendon to the inguinal ligament, after the technic of McArthur 

Type 4B — Same as type 4, with a fascial suture obtained from the 
fascia lata used to suture the conjoined tendon to the inguinal ligament, 
after the technic of Gallic 

Type 5 — Any of the aforementioned types of repair m which tli^ 
rectus muscle or the anterior sheath of the rectus muscle was ^ 
to the inguinal ligament This included no repairs in which fasci 
sutures were utilized 

In a consideration of the results obtained with the various types 
repair, one must bear in mind that the majonty of those hernias n 
presented particular difficulties as to obtaining a permanent 
in the classifications m which a fascial suture was used or transpa 
tion ot the rectus muscle or sheath was done Also, the majori 
those hernias which presented the greatest probability of 
cure ^\ere repaired with a technic m which the cord was not t 
planted 

Suture of the rectus muscle or of the anterior sheath of the 
muscle to the inguinal ligament in the repair of direct inguina i 
pro\ ed to gi\ e disappointing results, as had also been observ 
repairs ot incomplete indirect inguinal hernias The use of t is 
me ^\a3 tollowed b\ recurrence in one fourth of the repairs 
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has been discontinued The recurrence rate of 119 per cent, which 
IS the average for all repairs excluding those m which transplantation 
of the rectus muscle was done, represents a much fairer expectation of 
recurrence m the repair of direct inguinal hernias as done at present 
than does the figure 14 8 per cent, which was the recun ence rate tor the 
entire group 

Again, as with repairs of incomplete indirect inguinal hernias, trans- 
plantation of the cord superficial to the aponeurosis of the external 
oblique muscle without use of a fascial suture gave the highest recur- 
rence rate, 16 9 per cent, except in that group in which transplantation 
of the rectus muscle was done 

Also, the average recurrence rate when fascial sutures were used, 
10 4 per cent, was less than that noted when they were not used, 17 1 
per cent Even after elimination of those repairs in which transplanta- 
tion of the rectus muscle or sheath was done, the recurrence rate, 13 per 
cent, was greater than when fascial sutures were used, 10 4 per cent As 
has been stated previously, the latter group contained a much greater 
proportion of hernias in which attainment of a satisfactory repair pre- 
sented the greater difficulties Consequently, the expectancy recur- 
rence in the group repaired with fascial sutures would have been coi- 
respondingly larger had the two groups of hernias been repaired by the 
same method 

The incidence of wound infection, 4 2 per cent, was one third more 
than in incomplete indirect inguinal repairs This increase was asso- 
ciated with practically all types of operation but appeared to have little 
influence on the recurrence rates 

POSTOPERATIVE COMPLICATIONS 

The incidence of postoperative complications, 21 1 per cent, was 
double that following repair of incomplete indirect inguinal hernias, 10 4 
per cent An increase would be normally expected, as repair of direct 
inguinal hernias requires a more extensive operation on the average 
This increase was also present with respiratory complications, the fig- 
ures being 13 3 and 7 3 per cent respectively The incidences of circu- 
latory complications were essentially the same, 3 per cent for direct 
inguinal hernias and 2 8 per cent for incomplete indirect inguinal 
hernias The former type of complication gave an increase m the 
recurrence rate to 21 per cent, while the latter gave essentially the 
a\erage, the figure being 14 3 per cent 

Wound infection de\ eloped after 4 2 per cent of the repairs as com- 
pared to 3 5 per cent of repairs of incomplete indirect inguinal hernias 
Recurrences were found later with 16 3 per cent of the infected wounds, 
Ts compared to 14 8 per cent for the entire group of repair^ of direct 
ingunnl herniTs 
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Sion to the hospital Resection of the strangulated loop of ileum was 
not considered necessary Death occurred on the seventh postoperative 
day, immediately following an operation for volvulus 

FOLLOW-UP DATA 

Of the 60S direct inguinal hernias studied, 40 were not repaired Ot 
the 565 patients with hernias repaired, 41 did not return for follow-up 
observation Sixty-six were examined over periods of less than nine 
months without discovery of a recurrence Among 524 repairs 

Table 14 — Circulatory Postoperative Complications 

Average 

Post 

opera 

tlve dumber 


Complication 

Total 

Opera 

tions 

Per 

Cent 

of 

Entire 

Group 

Stay 

in 

Hos- 

pital 

Days 

Pol 

lowed Number 
Post- of 

opera Recur 
tively renccs 

Per 

Cent 

Recur 

rences 

Per 

Cent 

Infected 

Wounds Deaths 

Per 

Cent 

Mor 

tality 

1 Hematomaa 

7 

12 

16 0 

7 

1 

14 3 

00 

0 

00 

2 Deep phlebitis 

4 

07 

31 0 

3 

0 

00 

00 

0 

00 

3 Pulmonary embolus 

4 

07 

308 

3 

1 

33 3 

00 

0 

00 

\ Hemorrhage— patient 
rcoperated on 

2 

03 

226 

1 

0 

00 

oOO 

0 

00 


■ — 

— 

— 

— 

— 

— 

— 

— 

— 

Totals 

17 

3 0 


14 

0 

14^ 

0 o 

0 

00 


Table 15 — Deaths (1926-1935) 

Operative Patient s Hernia Duration of EcBectlon Time of Cause of 

Deaths* Age Strangulated Strangulation Required Death Death 

1 75 Yes 2 days No 7 daja after Volvulus 

operation 

* One death In 312 operations giving a mortality rate of 0^ per cent 

examined at some time after the patient left the hospital (average time 
of follow-up, twenty-nine and five-tenths months), 68 recurrences were 
discovered, giving a recurrence rate of 12 per cent 

Among the 458 repairs followed for nine months or longer or 
until a recurrence was discovered, the recurrence rate was 14 8 per 
cent The average time of follow-up for this group (i e , those followed 
tor nine months or longer) was thirt} -three and two-tenths months 
1 he average time at which the recurrences were discovered was twent\- 
months alter the operation 

Ihe number of follow-ups ending in successne periods with recur- 
rences discoxtrcd in the corresponding periods are gnen m table 16 (B) 
Sixt\-nine per cent of the total number of recurrences were found within 
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two years alter the repairs were done Nearly one third of the recur-, 
rences were discovered two years or more postoperatively, and one 
fourth, three or more years after the repairs were done 

The proportion of direct recurrences, 91 2 per cent, was greater than 
that winch followed primary repair of incomplete indirect inguinal hernias, 
60 per cent, although the former figure was the same as that which 
followed repair of indirect inguinal recurrences 

Table 16 — Follovj-iip Data 
1 


Total niunber of hernias studied 605 

Total 'With no operation 40 

Total operations 665 

Total operative deaths 1 

Total with no follow up examination 41 

Total with follow up under 9 months — no recurrences 66 

Total with follow up 9 months and over (including' recurrences) 458 

Average follow up time for all cases followed 9 months and over 33 2 months 

Total recurrences 63 

Average postoperative time recurrences were drst noted 26 0 months 

Percentage of recurrences with follow up of 9 months and over 14.8% 

Total number of operations examined postoperatively 624 

Average foUow up time (aU followed cases) 29 5 months 

Total recurrences 68 

Percentage of recurrences (all followed cases) 12 0% 

Recurrences indirect, 8 8%, direct, 91 2% 


B 



Total 

Per Cent 
of All 

Total 

Percentage 

Recurrence 


Operations 

Followed 

Recurrences 

of Total 

Percentage 

Length of Follow Up* 

Followed 

Operations 

Discovered Recurrences 

for Group 

Lndcr 9 months 

80 

16 4 

20 

294 

23 2 

9 months to 1 year 

68 

13 0 

10 

14 7 

17 2 

Under 1 >ear 

154 

294 

30 

441 

10 D 

1 to 2 years 

145 

27 7 

17 

25 0 

11 7 

2 to 3 jearst 

126 

24 0 

4 

59 

3 2 

3 to 6 yearst 

29 

5 6 

5 

74 

18 0 

o to 10 year‘3 

34 

6 5 

8 

US 

15 2 

10 to 15 years 

30 

0 7 

4 

50 

13 3 

15 to 22 jears 

6 

1 1 

0 

00 

00 

Lotuls 

524 

100 0 

68 

100 0 

ITo 




tn r. tnr^ group In whIch the foUowup period ^\as ended either b> 

1 discovery of a recurrence . ^nerutlon 

♦ On« recurrences were discovered 2 years or longer after 

♦ Ono fourth of the recurrences Avere discovered 3 or more years after the operation 


COMMENT 

A stucl\ has been made of 605 direct inguinal hernias, of which 56 
were repaired 


In a consideration of the recurrence rates given in the various tahh= 
tor repair, ot inguinal hernias, it must be borne in mind that dm^ion 

t.i the.c hernia, into indirect and direct as a clearcut grouping i= 
pcj^^ihle 


Ml hernia 
lnili4e uere el 


^^hieh were indirect but showed a direct weahiit^^ 
t'^'^ified among the indirect inguinal hernias hen 
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m which there was both indirect and direct herniation in the same 
inguinal canal were classified as indirect or direct, depending on which 
ot the two sacs was the larger This routine was earned out whether 
the sac was of the saddle bag variety or there were two internal openings 
placed some distance apart All hernias in the semilunar line were con- 
sidered as direct inguinal hernias, without differentiation 

As a result of this method of classifying the hernias, a considerable 
group fell within the classification of indirect hernias in which the direct 
weakness, bulge or smaller hernia was undoubtedly ot much greater 
significance in the question of the probability of recurrence than was the 
larger, indirect sac which had caused the patient's decision to^ have the 
repair performed Classifying the simpler direct types with these direct 
hernias would have lowered the incidence of recurrence for repair of 
direct hernias 

The average age at which these hernias were first noted was ten years 
later in life than the corresponding figure for incomplete indirect inguinal 
hernias The average age at the time of admission or repair was nine 
years later in life than was the case with incomplete indirect inguinal 
hernias The average duration of these hernias (from the time when 
they were first noted to the time of admission to the hospital or opera- 
tion) was one year less than that of incomplete indirect inguinal her- 
nias The recurrence rate for direct hernias in males was double that 
for incomplete indirect inguinal hernias (15 2 and 7 5 per cent respec- 
tively), while for females these figures were nearly the same, 5 5 and 
4 9 per cent respectively 

A history of definite trauma as the etiologic factor in the develop- 
ment of the direct inguinal hernias was given in a slightly greater pro- 
portion of cases than was the case with incomplete indirect inguinal 
hernias 

Fewer of the sacs of direct inguinal hernias extended into the scrotum 
than was found to be the case with incomplete indirect inguinal hennas 
Correspondingly, a greater proportion extended only beyond the exter- 
nal ring or were limited to the inguinal canal Repairs ot direct inguinal 
hernias with the longer sacs were followed by greater increases in the 
percentages of recurrence than was found to be the case when the 
sac was limited to the inguinal canal 

A smaller percentage of direct hernias were incarcerated than was 
the case with indirect hernias although the percentages of strangulated 
hernias wxre practically the same in the two instances 

Repair of direct inguinal hernias by suture of the rectus muscle 
or the anterior sheath of the rectus muscle to the inguinal ligament was 
found to be an unsatisfactorv procedure Even after elimination of the 
aforementioned type of repair from all operations in w inch catgut sutures 
onI\ were used a greater incidence ot recurrence was found than that 
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which followed the use of fascial sutures This was true notwithstand- 
ing the fact that a greater percentage of the more difficult repairs ^vere 
included in the latter group The conclusion may be drawn from tins 
that use of a fascial suture m the repair of direct inguinal hernias is 
a worth while procedure 

Postoperative complications developed after twice as great a per- 
centage ot repairs of direct as of incomplete indirect inguinal hernias 
The incidence of direct and that of incomplete indirect inguinal her- 
nias as to location (right or left) was the same 

Nearly twice as great ^ proportion of direct inguinal hernias as of 
incomplete? indirect inguinal hernias were bilateral (i e , were associated 
with an inguinal hernia of some type on the opposite side) 

The proportion of direct recurrences following repair of direct ingui- 
nal hernias was the same as that following repair of indirect inguinal 
1 ecurrences and 50 per cent greater than that following repairs of incom- 
plete indirect inguinal hernias 


REPAIR OF DIRECT INGUINAL HERNIAS 

As IS the case with all other types of hernia, these repairs desen'C 
careful, clean dissection , sutures should be tied only tight enough to 
give approximation of tissues, and perfect hemostasis must be obtaine , 
the bleeding I'^essels being clamped and tied without inclusion of adjacent 
tissues Approximation of the cut edges of the external oblique aponeu 
rosis wnll be facilitated by placing the first suture at the medial end of 
the incision to form the external ring and drawing the cord downwar , 
so that it lies in a straight line m the inguinal canal before this 
suture IS tied If silk suture material is to be used, and I feel that ^ 
should be, no continuous sutures should be used In closing the 
particular care should be exercised to leave no dead spaces 
together with careful hemostasis, will prevent collection of serum m 
closed incision ^ 

The figures m this study would indicate that all, or practical!) 
direct hernias should be repaired by proper and careful use of a a 
suture In my opinion, this should be done with a silk technic thro 
out Whether part or all of the repairs should be done with 
techniL without tascial sutures, only a longer experience and 
follow 'Up series tor comparison than is now available at St 
Hospital will determine 

It lb 111) opinion that conversion of the direct sac into an 
niiL 111 dibbcction ot these hernias is a distinct iinprovenient o\er 
ot tliL bac through the trans\ersahs fascia at the point where it c 
iniu the inguinal canal 

1213 Medical -Krtb Building 



USE OF SERIAL DILUTIONS IN DETERMINATION OF 
PROTHROMBIN BY THE ONE STAGE TECHNIC 


J GARROTT ALLEN, MD 
ORMAND C JULIAN, MD 

AND 

LESTER R DRAGSTEDT, MD 

CHICAGO 

Recent advances in the study of blood coagulation have been stimu- 
lated by the discovery of vitamin K and its relation to prothrombin 
While there is considerable variance of opinion as to the nature of blood 
coagulation, it can be assumed that at least five factors are necessary 
before this phenomenon occurs These include lonizable calcium, 
thromboplastin, prothrombin, thrombin and fibrmogen It is generally 
agreed that these substances act in the following manner, as was sug- 
gested by Howell ^ in 1914 

Based on this theory of coagulation, several methods for the measure- 
ment of prothrombm have been devised Of these, the two stage method 
of Warner, Brmkhous and Smith ^ and the one stage method of Quick ® 
have been more frequently employed than the others 

The two stage technic of Warner, Brmkhous and Smith is earned 
out as follows Oxalated plasma is defibrinated by the addition of 
punfied thrombin ^ This defibrinated plasma is then incubated for thirty 
minutes to allow any residual thrombin to be inactivated by antithrombin 
This plasma is then diluted serially and incubated with calcium chloride, 
thromboplastin and acacia, after which fibrinogen is added and the clot- 
ting time is recorded The results are then calculated in terms of unitary 
prothrombin By this method the clotting time is considered as the 
time necessary for fibnnogen to be converted into fibrin by thrombin 

From the Department of Surgery of the University of Chicago 

This work has been aided by a grant from the Douglas Smith Foundation 
for l^Iedical Research of the University of Chicago 

1 Howell, W H Theories of Blood Coagulation, Physiol Rev 15 435-470 

1935 

(a) Thromboplastin prothrombin Ca > thrombin 

(b) Thrombin + fibrinogen — > fibrin 

2 Warner, E D , Brinklious, KL !M , and Smith, H P Quantitative Study 
of Blood Clotting, Airu J Physiol 114 667 675, 1936 

3 Quick, A J , Stanley-Brown, M, and Bancroft, F W A Study of the 
Coagulation Defect in Hemophilia and in Jaundice, Am J M Sc 190 501, 1935 
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The one stage method developed by Quick is a measurement of the 
time necessary lor piothrombin to be converted into thrombin and for 
the subsequent conversion of fibrinogen into fibrin by this thrombin 
The technic itself is concerned with the addition of thromboplastin an 
calcium chloride to oxalated plasma, after which the clotting time is 
measured The results are expressed in terms of a standard time ot 


twelve to fifteen seconds 

By and large, the clinical results of these two methods have com- 
pared favorably Theoretically, any difference between the hvo rests 
on the consideration of whether prothrombin is converted into ^ 
instantaneously, as has been maintained by Quick, or whet er 
process is gradual and time consuming, as has been held by nii 
practice the two stage method is more difficult to perform, an 
quently the one stage method is more easily adapted to extensive c 
use The thromboplastic substances employed by these wor ers ar 
derived from different tissues , cephalm, as used by Quick, is o a 
from the rabbit brain, while the aqueous soluble tissue extract use 
Smith - IS obtained from beef lung Smith and his associates 
gested that the tissue extract is more advantageous because o its 
solubility, while cephalm as used by Quick represents an emu sion 
have found the lung extract very serviceable, and it remains poten 
many weeks The activity of crude thromboplastic substances ma) 
slightly from day to day, thus producing minor changes m t e c 
tunes of both normal and abnormal plasmas Consequent}, 
more desirable to compare the clotting time of abnormal plasma 
that of normal plasma m a test run at the same time than to com 
the abnormal clotting time ivith a fixed standard coagulation time 
Experimental data are presented here concerning the 
ot prothrombin by a modified one stage technic All determ 
w ere carried out at 37 C , with lung extract - as the throm Qt 

stance and ivith a test of normal human plasma run with eac ^ 
determinations Clotting times ivere determined on ten sena m 
each plasma, w ith concentrations ranging from 50 per cent to 
ot the original undiluted plasma A final standard volumct''"^ 

tamed \\ ith oxalated saline solution ■ in each sample * ^ 


measurements ivere made with micropipets \sheii 

In chart 1 is shown the clotting time of oxalated pl^is' 
seriall} diluted with oxalated saline solution, with addition o ^ 
plastin and calcium chloride Curve 1 is ° jjgficit.nc 

human plasma, while curves 2 and 3 represent prothrom 
plasmas It will be seen from this chart that it w'as necessar) 

^ r T iinir Extract ard 

4 Smith H P , Warner, E D , and Bnnkhous, K. M 
ricod Coagulation, ^m. J Ph>siol 107 63-69, 1934 
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the normal plasma to less than 35 per cent of its original concentration 
before any change in clotting time occurred It is apparent from curves 
2 and 3 that a prolonged clotting time may be evident in the 50 per cent 
plasma concentration or that it may appear at any point down to the 
35 per cent level, according to the degree of prothrombin deficiency 
present We have not observed an abnormal plasma which did not 
exhibit a prolonged clotting time before the 35 per cent plasma con- 
centration was reached, although the degree of abnormality was some- 
times so slight as to be difficult to read In such cases the more dilute 
plasmas magnify any differences, so that they become more readily 



Chart 1 — Relation between coagulation time and concentration of normal and 
of prothrombin-deficient plasmas 

apparent The results so obtained then can be compared with the clot- 
ting curve of the normal control The early, straight line portion of 
the curve for normal plasma is probably representative of an excess of 
plasma prothrombin which this technic is not sufficiently sensitive to 
record 

When fibrinogen^ wa^ added m increasing \olumes, thus replacing 
the oxalated saline solution used in maintaining the standard \olumes 
of the serial dilutions, no significant de\iation from the control clotting 
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time was observed until the 15 per cent plasma concentration was 
leached (chart 2) Since a small amount of prothrombin could still be 
demonstrated in the fibrinogen used, it appears that most, if not all, of 
tins slight 1 eduction in the clotting time could be accounted for on the 
basis ot the prothrombin contained in this fibrinogen From this cur\^e 
It is highly suggestive that the dilution of fibrinogen which accompanies 
the dilution of piothrombin m the teclmic used here is not a factor m 
the alteration of clotting time 

The advantages of serial dilution in the one stage techmc are readily 
apparent in cases in which the prothrombin response to vitamin K b 
minimal oi sluggish The case of nontropical sprue mentioned m the 
table illustrates such a sluggish response, sixteen days of oral admiiib- 
tiation of 2-methyl -1, 4-naphthoquinone were necessary to restore the 
piothrombin time to normal The clotting times presented here have 
been interpreted in terms of the coagulation time of a single normal 


Slow Return to No)mal of the Clotting Time ui a Case of Nontropical Sprue 


No of Bays of 
Naphthoquinone 
Therapy 
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0 72 

0 73 

0 97 

1 13 

0 w 


control Thus it is seen that the more dilute plasmas more readily reflect 
minor changes in the clotting time 

In the course of these studies several patients showed prolongation 
of the clotting tune of the more concentrated plasmas in the coagulation 
cun'e, while at the same time m the more dilute plasmas of these patieiib 
the clotting times approximated those of the normal control An e-\ainp e 
ot this phenomenon is shown graphically in chart 3 These data wef<- 
0 tamed from the plasma of a patient during the course of serum sic 
ness which appeared ten days after antipneumococcic rabbit serum 
cen guen At the height of the illness many spontaneous eccliymou^ 
areas appeared in the skin and subcutaneous tissues Whether this p 
nonicnon represented release into the blood stream of an inhibitor, o^ 
lepann like, substance is, of course, not known It is interesting. 
t-c, that 11 1 the experimental animal Jaques and Waters” ha\e rtcci 


trom^ \ Waters, E T The Isolation of Crjstalluie I 

\m Anaphj lactic Shock, read at the nitUing 

vZ Philological Societj. New Orleans, March 13-16, 1940. Proc- 

ihjMol Soc, 1940, p 93 
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Chart 2 — Graph showing that the dilution of fibrinogen accompanying the serial 
dilution of plasmas as employed in this study does not matenally alter the coagu- 
lation curve 



3 Inhibition of coagulation in a patient with serum sickness (see text) 
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reported the piesence of crystalline heparin in the circulating blood alter 
anaphylactic shock Consequently, the data presented here are sugges- 
tive that a similar condition may occur in the human patient The effect 
of an inhibitory substance was also demonstrated to a lesser degree in 
4 patients during early postoperative periods In none of these patients 
could this effect be demonstrated for more than forty-eight hours after 
its initial appearance In vitro studies (not reported here) concerned 
M ith the addition of heparm to normal human plasma indicate that this 
anticoagulant is capable of altering the coagulation curve so that it 
has the same fonn as that shown m chart 3 


SUMMARY 

A modification of the one stage technic for prothrombin determi- 
nation is presented 

Variations of concentrations of fibrinogen m the plasma and its effect 
on prothrombin time are noted 

The value of serial dilutions of plasma in cases in which the response 
to vitamin K is sluggish is pointed out 

An inhibitory substance has been demonstrated m a patient suffering 
from serum sickness The importance of employing the serial dilution 
technic for detection of this substance is discussed 


Note Since submitting this paper for publication we have become 
aware of a report by Kark and Lozner ® in which they present a different 
type of dilution technic for determination of prothrombin by the one 
sta^^e method These workers have expressed the belief that their 
procedure will enable one to detect changes m prothrombin concentra- 
tion which ordinarily would not be recognized, and our experience would 
support their conclusions 


T ^ ^ Lozner, E L Nutritional Deficiency of Vitamin K in Van, 

Lancet 2 1162, 1939 



LOCALIZATION OF STAPHYLOCOCCI IN AREAS 
OF INFLAMMATION PRODUCED 
BY XYLENE 

R H RIGDON, MD 

MEMPHIS, TENN 

The phrase ^‘locus niinoris resistentiae'' is hoary with years, and the 
initiation of local infective processes by injury unaccompanied with direct 
infection is a widely recognized fact ^ Streptococci, when given intra- 
venously, have been observed to localize in abscesses produced by sub- 
cutaneous injection of silver nitrate- Benians^ found that Bacillus 
typhosus, when injected intravenously in rabbits, localized in areas of 
skin where agar, mucin and starch had previously been injected 
Tubercle bacilli, when present in the blood stream, tend to localize in 
areas of necrosis and also m tissue showing an increase in vascularity ^ 
As early as 1843, Cazenave ° observed that localization of a secondary 
syphilitic lesion is commonly determined by some concomitant irritation 
or morbid condition 

Findlay, ° in 1928, studied the problem of localization of bacteria in 
areas of injury He stated 

When bacteria are present in the blood stream, their passage through the wall 
of the capillanes is difficult, except at those points where there is increased per- 
meability (and probably also increased stickiness) of the capillary endothelium 
At tlicse points organisms, therefore, tend to pass through the capillary endo- 
thelium and collect in the surrounding tissues The localization of organisms in 
injured tissues is thus dependent on a change in permeability of the capillary endo- 
thelium The subsequent development of a lesion in the tissues is conditioned by 

From the Department of Pathology, University of Tennessee Pathological 
Institute 

Aided by grants from the John and Mary R Markle Foundation and from 
the University of Tennessee, 

1 Burrows, H Localization of Disease, New York, William Wood & 
Company, 1932 

2 Sager, W W , and Nickel, A C Localization of Bacteria in Tissues of 
Lowered Resistance, Arch Surg 19 1086 (Dec, pt 1) 1929 

3 Bcnians, T H C Septicemia The Selective Deposition of Colon T>phoid 
Group of Bacteria in Fixation Abscesses, Bnt J Exper Path 2 276, 1921 

4 Kettle, E H Demonstration by Fixation Abscess of Influence of Silica 
m Determining B Tuberculosis Infections Bnt J Exper Patk 5 158, 1924 

5 Cazenave, P L A, and Schcdel, H E Manual of Diseases of the Skin 
translated b> T H Burgtsb, New York Samuel S Wood 6L William Wood 1852 

6 rindhv,G M Histamine and Infection, J Path Bact 31 633,1928 
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the number and virulence of the organisms which have passed through the per- 
meable capillary wall and on the state of the surrounding tissue cells 

The localization and concentration of trypan blue, india ink, staphylo- 
coccus antitoxin and the virus of vaccinia in areas of inflammation 
produced by local application of xylene have recently been studied ^ 
It was found that each of the aforementioned substances localized and 
concentrated in areas of inflammation only dunng a specific interval 
after application of the irritant Furthermore, the localization and con- 
centration of trypan blue, mdia ink, staphylococcus antitoxin and the 
virus of vaccinia were not determined by either the presence or the 
absence of either edema or hyperemia 

In the present experiment an attempt has been made to study 
the mechamsm by which staphylococci localize in areas of inflammation 

MATERIAL AND METHODS 

The staphylococci were grown on the surface of agar in large flat bottles for 
twenty-four to forty-eight hours The bacteria were then carefully scraped away, 
washed three times m large volumes of saline solution and suspiended in physiologic 
solution of sodium chloride The suspension of staphylococci was heavy 
to appear milky white Ten cubic centimeters of this suspension was injected 
into the marginal vein of the ear 

Both sides and the abdomen of the rabbit were carefully shaved twenty-four 
hours or longer before the experiment was begun Xylene was gently applied on a 
cotton swab to local areas of skin approximately 2 by 2 cm at varying inter s 
before the bacteria were given In one part of this experiment xylene was app i 
to several areas of skin at the same time, immediately before the staphylococc 
were injected 

The rabbits either died or were killed at specific intervals after injection o 
the bacteria Each area of skin treated with xylene was removed and divide m o 
two portions, one of which was placed immediately into a 10 per cent conceiitra 
tion of solution of formaldehyde U S P , and the second of which was put m o 
the incubator (37 5 C ) for two to six hours, after which time it was renioi 
and placed in a similar concentration of formaldehyde j 

A.reas of skin from the rabbits in which the xylene was applied to seiera 
areas at the same time were excised at intervals varying from forty . 

SIX hours The tissue was divided, one half was placed immediately into > 
solution of formaldehyde, and the second half was put into the incubator 
-IX hours before it was put into the same preservative . 

Sections ot the skin were prepared in paraffin They were stained routine 
with iiematoxehn and eosm Select sections were stained by Giemsa’s metho 
demonstrate the staphj lococci 

RESULTS 

Xelene was applied to the skin of 6 rabbits at the followmg intervals beio^ 
the saline suspension of staphylococci was given area 1, twenty-four hours, 

-, five hours, and area 3, immediately The rabbits were killed one an o 

/ Rigdon, R H Capillary Permeability in Areas of Inflammation P 
bv Xylene, Arch Surg 41 101 (July) 19-10 
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hours later Sections of the skin were removed for histologic study Portions of 
the skin were kept in the incubator for only two hours m this part of the 
expenment 

The degree of injury produced by xylene was relatively uniform in the different 
areas of skin of the same rabbit and also in different rabbits The skin usually 
became hyperemic within two to three mmutes after application of this irritant, 
and frequently it was edematous within five minutes The edema and hyperemia 
remained for several days, after which time the epithelium desquamated Poly- 
morphonuclear leukocytes apparently began to infiltrate the corium within ten to 
fifteen minutes after the xylene was applied Usually, however, one and one- 
half hours elapsed before any significant number of leukocytes reached this tissue 
Polymorphonuclear leukocytes and mononuclear cells continued to infiltrate the 
xylene-treated areas of skin for ten to twelve hours At this time many of the 
superfiaal epithelial cells separated from the basement membrane, and the spaces 
were filled with fluid and leukocytes The number of leukocytes apparently did 
not increase after the first thirty hours ^ 

A few cocci were present in the lumens of the small blood vessels in those 
sections of skin where xylene was applied immediately before the staphylococci were 
injected Some of the bacteria were located in the cytoplasm of a few of the 
polymorphonuclear leukocytes present in the lumens of the blood vessels The 
number of organisms was much greater m the sections that were incubated than 
in those placed immediately in solution of formaldehyde Only an occasional 
coccus was found extravascularly Some of the staphylococci appeared to be in the 
cytoplasm of the endothelial cells Iming the small blood vessels in the conum 

It seemed likely that the number of bacteria could be increased and their 
location more easily determined by keeping the skin in the incubator for a longer 
time To determine whether this was true, xylene was applied to the skin of 2 
rabbits in one area eight hours before the bacteria were injected and m a second 
area immediately prior to inoculation One of these rabbits died five minutes 
after injection of the staphylococci, and the second animal was killed after thirty 
mmutes One half of each of the xylene-treated areas of skin was fixed immediately 
m solubon of formaldehyde, while the second half was put mto the incubator for 
five hours before it was put into a similar solubon 

Histologic studies showed many leukocytes in the corium in those areas of 
skin where xylene was applied eight hours prior to injection of the bacteria An 
occasional staphylococcus was observed in the cytoplasm of some of the pol>mor- 
phonuclear leukocytes present in the lumens of the blood vessels and also m some 
of the extravascular leukocytes Organisms were present m the cytoplasm of the 
endothelial cells limng the wall of the small blood vessels in the corium immediately 
below the squamous epithelium in those areas of skin where xylene was applied 
immediately prior to injecbon of the staphylococci The small blood vessels 
appeared to be distended with staphylococci m those seebons where the x'ylene 
was applied immediately before the bactena were injected and the tissues were 
put mto the incubator (fig 1 B) Those seebons of skin to which xylene was 
applied eight hours before the orgamsms were given and which were placed m the 
incubator for six hours showed essenbally no staphylococci, however, there were 
many leukocytes (fig \ A) 

Conment — ^The preceding experiments show that staphylococci, after 
3-n intravenous injection, localize and concentrate in areas of skin where 
^^ylene is applied only during a specific period after application of the 
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irritant The bacteria remain primarily within the lumens of the small 
blood vessels in the gorium (fig 2) Some of the cocci appear to be 
within the cytoplasm of the endothelial cells lining these blood vessels 
Cocci are also present m the cytoplasm of many of the leukocytes in tlie 
lumens of the blood vessels A few leukocytes in the extravascular 
tissue haA^e staphylococci within their cytoplasm 

In an attempt to study further the mechanism by which staphylococci localize 
in areas of inflammation, xylene was applied to three areas of skin at the same time 



Fig I— A, xylene was applied to the rabbit’s skin seven and 
before 10 cc of a saline suspension of staphylococci was injected intrav 
This animal was killed thirty minutes later, and the xylene-treated s i 
into the incubator (37 5 C ) for five hours It was then fixed m a 1 
concentration of solution of formaldehyde U S P There are a ( 

polj morphonuclear leukocytes infiltrating the corium B, the same ra 
was used Xylene was applied to this area of skin immediately 3re r i 

\lococci were injected The tissue w'as treated like that shown m jujall bk^‘1 
polj morphonuclear leukocytes in the corium The lumens of the sn 
\C5beli> are filled with staphylococci 


on each ot 2 rabbits immediately before 10 cc of a. saline ^ 

\lococci was gnen intravenously The rabbits were anesthetized wi j, 

minutes later, and one of the X3 lene-treated areas of skin was remove^ ^ 
Two hours later a second area of the %> lene-treated skin was remove 
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One rabbit died ten minutes after removal of the second biopsy specimen The 
third area of xylene-treated skin was removed four hours and forty minutes after 
injection of the staphylococci (area 3) The procedure for preserving these pieces 
of skin was the same as that used in the preceding experiments The skin was 
kept in the incubator for six hours 

The sections of skin had no leukocytes in any of the three areas of tissue where 
xylene was applied, although the tissues remained m the animals sufficiently long, 
apparently, for these cells to reach the areas of inflammation (fig 3, A, C and E) 



Fig 2 — Xylene was locally applied to the skin of a rabbit immediatel> before 
10 cc of a saline suspension of staph\lococci was given intravenously This 
section was removed two hours and forti minutes later It was placed in the 
incubator for six hours and then fixed in solution of formaldeh>de The lumens 
of the small blood vessels immediatel> beneath the squamous epithelium are 
filled with staph} lococci Vessels of similar size in other portions of this sec- 
tion do not ha\e any bacteria within their lumens 


V few cocci were present in the lumens of the small blood ^es‘;els in the coriuni 
m the sections ot skin remo^cd fort\ minutes after intra\cnous mjection of the 
baciern The portion of skin remoeed at this time and put into the incubator 
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showed the bacteria usually in the small blood vessels in oval or rounded masses 
These collections of organisms frequently were so dense that it was unpossible to 
see the capillary wall (fig 3 B) 
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of COCCI m the former Some of the bacteria api>eared to be within the cytoplasm 
of the endothelial cells The corresponding half of the section of skin put into the 
incubator showed a greater number of cocci than were observed in the tissues 
removed after forty minutes and incubated for a similar period (fig 3 D) 

The skin from area 3, removed four hours and forty mmutes after the organisms 
were injected, showed many of the small blood vessels to be filled with staphylo- 
cocci (fig 3£) The bacteria were in the lumens and in the cytoplasm of the 
endothelial cells A few cocci were present around the periphery of the small 
blood vessels The portion of skin removed at this time and put into the incubator 
showed the bacteria extending out from the vessel walls into the surrounding 
tissues (fig 3F) 

GENERAL COMMENT 

Staphylococci, after an intravenous injection, localize in areas of 
niflamination in the rabbit^s skin only during a specific penod after local 
application of xylene The localization of these organisms in areas of 
inflammation is not determined by either the presence or the absence 
of hyperemia and edema The time in which the cocci localize in the 
tissues corresponds to that observed in a recent study on the localization 
and concentration of trypan blue, staphylococcus antitoxin, india ink and 
t le virus of vaccinia in areas of inflammation produced by local applica- 
tion of xylene to the skm of the rabbit " 

The staphylococci are located most frequently m the lumens and 
|n t e cytoplasm of the endothelial cells lining the walls of the small 
ood vessels in the corium Only a few cocci are present in the extra- 
^ascu ar tissues, and they are adjacent to the walls of the blood vessels 
ese observations suggest that staphylococci circulating in the blood 
e phagoc}rtosed by tlie endothelial cells limng the walls of the small 
00 vessels in the corium The cocci may not reach the extravascular 
issue until the endothelial cells are severely injured by the staphylococci 


same ^ hh t ( X 220) shown m this group are from the 

tissues shown in 5, D and F were put into the incubator for 
formaldeh d were put into a 10 per cent concentration of solution of 

the th ^ ^ ^ ^ ^ ^ rabbit was anesthetized with ether when each of 

fort\ ^^^^^ons of skin was removed A This area of skin was remo\ed 
injection of the staphylococci Note the absence of either 
was n leukocytes in the corium B Same as A, except that this section 

incubator The lumens of man> of the capillaries are filled with 
after th This section of skin was removed two hours and forty minutes 

stapinl ^ were injected Note the absence of both leukocjtes and 

fhc iiicuh^f'^^ corium D Same as C, except that this section was put into 

The lumens of the small blood vessels are filled witli staph\ lococci 
' -^his section nf ... . .. after the 


i^taplnlo 'vas removed four hours and fort> minute:> 

filled of some of the small blood ^cssels arc 

D excenV leukocvtes in this secUon F Same as 

biacnn^t! . put into the incubator There are man> more 

ria here than m section E 
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It appears very unlikely that a nonmotile bacterium the size of a staph) 
lococcus can pass extravascularly in a manner similar to that of a colloid 


There is a difference of opinion as to the mechanism by which 
particles localize m areas of inflammation Such localization may result 
from active phagocytosis by the endothelial cells Mcjunkin ® stated 
that granules of india ink appear m endothelial cells as a result of a 
transit of these granules through the cells and not as the result of active 
phagoc}fl;osis Lang ° found that carbon particles adhere to the inner 
surface of the capillary endothelium only m inflamed tissues Later thet 
appear within the endothehal cytoplasm, and at the end of ten hours some 
of the particles are present in the perivascular macrophages 

The phagocytosis of bacteria and inert particles by polyraorpho 
nuclear leukocytes during circulation m the blcxDd has been observed 
The finding of staphylococci in the cytoplasm of the leukocytes, botli 
intravascular and extravascular, in this study suggests that these bactena 
may be carried through the blood vessel walls in leukocytes as the latter 
enter the areas of inflammation Calumette discussed dissemination 
of tubercle bacilli through the body by leukocytes Goodpasture 
recently suggested that typhoid bacilli may be carried from the intestinal 
tract to other organs by plasma cells 

Two methods, therefore, apparently are available by which staphylo 
cocci may reach the extravascular tissues in areas of inflammation h| 
one the organisms either adhere or are phagocytosed by the endothe ia 
cells The bacterium may then reach the extravascular spaces only a te 
the endothelial cells are severely injured The second method 
in active phagocytosis of the bacteria in the circulating blood by 
leukocytes and passage of the orgamsm through the capillary wall 
the cytoplasm of the leukocytes The cell is then destroyed by 
staphylococci It appears to me likely that the latter method occ 
more often than the former when there are only a few staph) lococ 


the circulating blood 

It IS interesting to observe that only the small blood vessels 
corium show any staphylococci (fig 2) Vessels of 
the adjacent muscle and fat do not show any cocci withm their 


8 Mcjunkin, F A Ongin of the Phagocytic Mononuclear e 

Peripheral Blood, Am J Anat 25 27, 1919 ('Monon’-i 

9 Lang, F J Role of Endothelium in Production of Po > 

clear Wandering Cells) in Inflammation, Arch Path 1 41 (Jan ) - 

10 Menkm, V Studies on Inflammation Fixation o ac 

Particulate Matter at Site of Inflammation, J Exper Med 53 . ^ i 

11 Calumette, A Tubercle Bacillus Infection and Tubercu osis 

\nimal, Baltimore, Williams &. Wilkins Companj, 1923 Feur, 

12 Goodpasture, E W Concerning Pathogenesis of T\p o' 


J Path 13 175, 1937 
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There is nothing in this study to indicate why staphylococci either 
stick or are phagocytosed by the endothelial cells during only a speafic 
interval after local application of x}lene This same phenomenon has 
been observed with several substances very different from bactena ^ 
There is apparently no satisfactory explanation at this time for the 
cellular changes that occur in inflammation Menkin's preparation, 
leukotaxine apparently will not explain this phenomenon Several inves- 
tigators have already shown that a substance may be obtained from 
normal tissues which when injected mtradermally permits localization 
and concentration of an intravenous injection of trypan blue m the skin 
of the rabbit 

The absence of polymorphonuclear leukocytes in the conum m the 
xylene-treated areas of skin of the 2 rabbits given intravenous injections 
of staphylococci at the time the irritant was applied is most interesting 
(fig 3), since the skin of all the other rabbits studied to which xylene 
was applied several hours before the staphylococci ^vere injected intra- 
venously showed a large number of leukocytes in the coiium The ether 
used for anesthesia may have played some role, ho\vever, at this time 
such a factor appears insignificant 

summary 

Staphylococci, after intravenous injection, localize in areas of inflam- 
mation in the skin of the rabbit only dunng a specific period after local 
application of xylene The localization of these organisms in areas of 
inflammation is not determined by either the presence or the absence 
of hyperemia and edema 

A majority of the bacteria apparently remain within the lumens and 
111 the endothelial cells of the small blood \essels in the conum 

There appear to be two ways in which staphylococci may reach the 
extravascular tissues in areas of inflammation 1 The organisms may be 
phagocytosed by polymorphonuclear leukoc>tes while the} are in the 
lumens of blood vessels and may be carried through the vessel wall 
within the cytoplasm of these cells 2 The organisms ma\ either adhere 
or be phagocytosed by the endothelial cells, after ^\hlch the cells are 
severely injured by the bactena, this permits the latter to reach the 
c\tra\ ascular tissue 

13 Menkm, V Studies on Inflammation Mtchanism of Increased Capillar% 
Pcrmcabilit}, J Exper Aled 64 485, 1936 

1*1 Rigdon, R H Demonstration of a Capillar> Pcrmeabiht> Factor m 
Tissue Extracts from Normal Rabbits, Arch Surg 41 96 (Jul> ) 1940 Bicr O 
'ind Planet, N Sur la presence d'un factcur qui augmente la pcrnitabilitc capillairc 
<tans ks extraits de peau normak, Compt rend Soc dc biol 129 65 1938 

15 Cressman, R D , and Rigdon, R H Permcabilil% and Inflammation in 
Narcotized Rabbits \rch Surg 39 586 (Oct) 1939 
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Cancer of the tongue causes more deaths than any other ot tlie 
malignant growths of the head and neck, and therefore it must be con 
sidered the most important tumor in that group In comparison \vi 
other malignant growths of the upper respiratory and alimentary 
it IS only slightly less malignant than the highly anaplastic and rapi 
growing tumors of the oropharynx and nasopharynx Excluding 
of the lip, it IS more frequent than any other single anatomic vanet} 
cancer m this region 

The records of the Memonal Hospital for the Treatment of 
and Allied Diseases contain over 1,500 cases of cancer of the 
but since many of the older records are incomplete, we have 
for the purpose of this report only the cases of patients a 
during the eight year period, 1927 to 1934 inclusive This sen 
cases) comprises a consecutive group of all patients with 
tongue, histologically proved, who applied to the clinic durin^ 
mentioned period, except those in whose cases the perio 
vation was less than one month, owing to the patient s i 
unwillingness to return for either curative or palliative trea jQ„gut 
records show that less than 1 of 20 patients with cancer o 
who apply to our clinic is unable or unwilling to return 
have been excluded from the series because of the a va 

the disease described i" 

The standards used in the makeup of this series ^a^ j,q,il 1 ii 3 I 0 Ii 'jI 
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this paper In this communication, we have attempted to overcome 
the deficiencies common to most published reports on cancer of the 
tongue, which, as a rule, deal only with selected groups of tumors m 
early stages treated by a single method, usually surgical, and which 
therefore do not represent true samples of hngual cancer as this disease 
exists at the present time 

Definition — ^The term ‘‘cancer of the tongue"' as used in the present 
report comprises all malignant growths ansing in the organ from the 
valleculae to the tip, including the under surface anteriorly and laterally 
In some dmics, those growths which originate in the floor of the mouth 
anteriorly and laterally are also classified as hngual cancers It is our 
opinion that such a comprehensive use of the term “cancer of the tongue” 
is not advisable, since the floor of the mouth is a separate anatomic 
structure, and growths of this region, although resemblmg somewhat 
those of the under surface of the tongue, possess individual clinical and 
anatomic characteristics deserving of a separate classification 

ETIOLOGY 

Incidence — Cancer of the tongue is one of the most common ana- 
tomic forms of malignant growth of the oral cavity At the Memorial 
Hospital it comprises about 15 per cent of all tumors of the upper 
respiratory and alimentary tracts and about 25 per cent of all intra- 
oral tumors According to recently calculated mortality statistics fur- 
nished us by the department of health of New York city,^ cancer of 
the tongue caused 1 2 per cent of all deaths from cancer It is probable, 
however, that not all deaths due to cancer of the tongue are reported 
as such This is particularly likely to be true of cancer of the base of 
the tongue, which is difficult to diagnose and is often confused with 
cancer of the pharynx From our own and various other statistical 
data, we estimate that cancer of the tongue makes up behveen 2 and 
3 per cent of all human cancer 

Age — In tlie senes herein reported, the average age of the patients 
was about 58 years at the time of admission to the hospital, which 
runs fairly close to our figures for such other forms of intraoral cancer 
ns cancer of the cheek (59 ^ears) and cancer of the lip (57 years) 
Our mean age incidence is about five >ears higher than that calculated 
bv Lane-CIaypon " from over 30 separate reports totaling over 1 000 
cases There are man) reports in which the mean age incidence of 

cancer of the tongue is gnen as over 60 ^ears, but there is general 

1 Dufliidd, T Personal communication to the authors 

2 Lanc-CIajpon, J E Report on Cancer of the Lip Tongue and Skin 

Ministr> of Health Reports on Public Health and Medical Subjects no 59 

London, His Majcst\ s StatioiKr\ OfTice, 1930 
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agreement within the range of 55 to 60 }ears, with a greater mcideiKe 
between the ages of 60 and 64 than in any other five year period 
The age of the oldest patient in the present series was 89 3 fears, while 
that of the youngest was 17 

Se,i — In this series, 87 per cent of the patients were males and 
13 per cent females Other statistics of our clinic have shown that 
the incidence of cancer of the tongue in females is greater than that ot 
either cancer of the hp (6 per cent) or cancer of the cheek (10 per cent) 

Position of the G) ozvtli — The topographic distribution of cancer ot 
the tongue m our clinic varies considerably from that indicated b\ most 
of the figures reported m the literature, although there is general agree 




Under fcurfaco of tip 4%. ^ 

Fig 1 — Topographic distribution in 673 cases of cancer of - -g ciiit) 
lateral border of the middle third is the most common site o dorsuni at d ' 

with the base of the tongue next m frequency (33 per cent) cancer m 

line of the circumv abate papillae has never been the site of primarj 
experience 


ment that the most frequent site ot origin is the edge ^ 

Its middle third (50 per cent in our series) The mci 
regions is shown m figure 1 The lack ot an} ^dier 

and unitorm demarcation ot boundaries with regard to ms 
makes it rather difficult to compare the published figures ni^ 
reports This question is of little practical importance e\ce^^^^ 
ence to the relative percentage of cancer of the base o , 

In this area, the marked discrepancies of the various i, 

cate onl} that cancer of the base ot the tongue is > 

m the average report of lingual cancer The diagnosis 
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entirely, owing to the indefinite character of the local symptoms and 
the moderate difficulty of physical examination, or the growth may be 
classified as pharyngeal rather than lingual, as MacFee ^ and Roux- 
Berger have pointed out Furthermore, even though correctly diagnosed, 
cancer of the base of the tongue would usually be considered inoperable 
and for that reason would tend to be omitted entirely from strictly 
surgical reports 

The incidence of intraoral cancel m general seems to be greater on 
the left side than on the right, the ratio approaching 60 40, as has 
been reported repeatedly In a recent series of 252 cancers of the lip 
at Memorial Hospital, 57 per cent were recorded as occurring on the 
left, and twice as many on the left side of the upper lip as on the right 
side of the upper lip The dorsum of the middle third of the tongue, 
especially that region just in front of the lingual V, seems to be singu- 
larly immune to the development of the initial lesion in cancer The 
records of about 1,500 cases of cancer of the tongue at Memorial Hos- 
pital m no instance show the growth to have arisen in this region 
This point will be discussed further under differential diagnosis 

Causative Factors — ^As in other forms of cancer of the oral cavity 
proper, chronic irritation is an outstanding apparent etiologic factor in 
growths of the middle and anterior thirds of the tongue In these 
areas, such precancerous changes as chronic diffuse or localized glossitis 
and leukoplakia most often occur At the base of the tongue (lingual 
tonsils and valleculae), tissue changes as a result of chronic irritation 
are less definite, even in the most aggravated chronic glossitis, and are 
usually evidenced by an injection of the mucous membrane, an increase 
of lymphoid tissue and an irregularity of the mucous surface So far 
as we know, leukoplakia of the tongue is never seen posterior to the 
lingual V This portion of the tongue is rather well protected from 
several of the common forms of chronic irritation, and on first thought 
one might conclude that this etiologic factor is of only minor impor- 
tance in cases of cancer of the base of the tongue There is definite 
evidence, however, that some forms of tobacco smoking are particularly 
apt to cause cancer m this region 

The average wear on the teeth and the response of the soft tissues 
to the normal environment — eating drinking and speaking — constitute 

3 MacPce, \V F Concealed Cancer of the Tongue, Ann Surg 93 481, 1931 
Roux-Bcrgcr, J and Jadlo\ker, M L eiu’ahisseinent hmphatiquL dans ks 
cancers dc la bast dc la langue, Prcsbc med 48 249, 1940 

4 (a) Brodtrs \ C Squamous Cell Epithelioma of the Lip J V M A 

74 656 (March 6) 1920 (6) Butlin H T Diseases of the Tongue, cd 1 

London, Cassell ..V Co, 1885 Buthn H T and Spencer \\ G Diseases of tiie 
Tongue, ed 2 London Cassell .5L Co 1900 (c) Regaud C Radium Thcrap> 

of Cancer at the Radium lubtitute -Km J Roentgenol 21 1 1929 
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a definite though mild chronic irritation, but it is not with such a degree 
of irritant effect that this discussion is concerned By the term “dironiL 
irritation” as hereinafter used is meant the physiologically demonstrable 
abnormal effects which occur as the result of chronic trauma 

Such characteristic signs of chronic irritation in the oral cant) as 
leukoplakia, chronic glossitis and dental sepsis are much more pren 
lent in the male than m the female The fact tliat cancer of the oral 
cavity IS likewise more frequently found in the male is one of seiera! 
evidences of a direct causal relationship between chronic irritation and 
mtraoral cancer Ahlbom’s ® investigations indicate tliat tobacco, S)ph>hs 
and achlorhydric anemia with the Plummer-Vinson syndrome 
standing etiologic factors in mtraoral and pharyngeal cancer in Sw 
Undoubtedly the chronicity of the irritant is more important than ii^ 
nature Most of the anatomic forms of cancel winch follow ciroi 
irritation (cancer of the skin, lip, cheek, etc ) are more common m 
aged, m whom the irritant has had sufficient time to act No one 
form of chronic irritation per se appears to be of singular nnpo 
m the etiology of cancer It is more logical to assume tint 
genesis results from the cumulative effect of several forms o 
A single acute trauma to the tongue is occasionally al ej,e 
produced cancer, but this supposition probably has little men 

Syphilis — ^Routine Wassermann tests in our clinic p],ili 

33 per cent of our patients with cancer of the tongue a ^ p, 
An incidence (higher m males than m females) of 3 to 
syphilis as shown by positive Wassermann reactions ° Bet;on 
reported series m which this question has been investiga e^^ siphih^ 
m reporting a general average incidence of 30 per ceii ^ ^ 

cases of cancer of the tongue, found 35 per cent m men po^itiu 

m women and compared this figuie with an nici general 

Wasseimann reactions of about 5 per cent which le p, general 
hospital admissions and of about 7 per cent in cases o ca^^ sepliib’'- 
In our series, the average age for cancer of the Pelote 


persons was the same as m nonsyphilitic persons, ^ ppiiitic i'*'-" 
an average age incidence tor cancer of the tongue m } Selu'-’' 
54 }ears as opposed to 62 years m nonsyphilitic pu ^ ^ 

Pradisponierende Faktoren u 


a Ahlbom, ti Ji Fradisponierenae ^ 

ilund, Hals und Speiserohre Fine statistische Untersu 
Radiumhemmets, Stockhlom, Acta radiol 18 163, 19 a J ^ 

6 (a) Belote, G H Assoaation of Carcinoma ot t ^ , 

' ‘ M . 1 I 


Pre\'-ntabl<- ^ 


as Determined bj Positi\e Serologic Tests, J -6^ 

(b) Bloodgood, T C Cancer ot the Tongue oi i 

77 1381 (Oct 29) 1921 (c) Quick, D Treatment o 

Bnt J Radiol 31 81, 1926 . , U'*-! v. d 

7 Beeson, B B Cancer of the Tongue and 'P 
40 565, 1936 
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and Brown® found 40 per cent of cancers of the tongue to be asso- 
ciated with positive Wassermann reactions It is interesting to com- 
pare the incidence of syphilis associated with cancer of the tongue as 
found by Kaplan ° (41 per cent) at Bellevue Hospital, New York, 
where the patients are mainly drawn from an urban population of the 
less fortunate economic levels, with that of Spencer,^® who in a dis- 
tinctly rural population (Boulder, Colo ) found only 1 in 14 patients 
to have a positive Wassermann reaction Even though the latter 
number of patients is small, the smaller incidence of syphilis is highly 
suggestive 

The immediate etiologic factor in these cases is undoubtedly the 
chronic glossitis so characteristic of late syphilis Neither acute syphilis 
nor the constitutional effect of this disease has any bearing on the 
etiology of cancer, nor do we believe that there is any specific can- 
cengemc influence involved The etiologic significance of syphilitic 
glossitis probably lies mainly in its chromcity and its frequency The 
attendant degenerative changes, such as atrophy of the papillae and 
leukoplakia, are so characteristic that they have often been considered 
diagnostic of syphilis 

Noiisyphihtic Glossitis — One of the most widely known objective 
symptoms of derangement of function of the gastrointestinal tract is 
the appearance of the tongue The brownish coated tongue of chronic 
constipation and acute indigestion and other forms of chronic glossitis 
and bald tongue, such as those associated with achlorhydria, pernicious 
anemia, sprue, pellagra, etc , are well known More recently, those 
disorders associated with avitaminosis and dysfunction of the liver have 
been found to produce profound changes in the lingual mucosa Many 
of these degenerative changes are so similar to those produced by 
syphilis as to be indistinguishable from them except by the Wasser- 
mann test Several of these diseases tend to be self limited, however, 
by reason of their gravity, so that chromcity, which is essential for the 
development of cancer, is not characteristic 

Leukoplakia — In susceptible subjects, chronic irritation of the 
mucous membrane may result in the development of either leukoplakia 
or cancer or of both in the same patient When the two conditions 

8 Schreiner, B T , and Brown, H F R An In\estigation of the Results 
Obtained m Cancer of the Tongue Treated by Radium and Roentgen Rajs, Am. 

J Roentgenol 15 207, 1926 Schreiner, B F Fne-Ycar End-Results of Radi- 
ation Treatment of Cancer of the Oral CaMty, Nasal Phar^nx and Pharjnx 
Radiol Re\ 5. Chicago kf Rcc 51 327 1929 

9 Kaplan, I I Treatment of Cancer Patients, New York State J ^fed 
36 5, 1936 

10 Spencer, P R Carcinoma of the Tongue Re\ie\\ of Fourteen Cases 
Vrch Otolarjng 24 1 (Jul>) 193o 
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are associated, the leukoplakia ordinarily precedes the cancer, but one 
occasionally observes the reverse, that is, leukoplakia developing alter 
the treatment of a cancer of the tongue when none had been present 
before 

Malignant degeneration may occur within a patch of leukoplakia, or 
the growth may develop in apparently normal mucous membrane of the 
tongue at a distance from leukoplakic areas on the cheeks or bps Pre 
existing leukoplakia may not be apparent in cases in which a cancerous 
ulcer has eroded or engulfed a leukoplakic patch Lingual cancer ansmg 
on the basis of advanced leukoplakia commonly begins on the dorsum 
and IS apt to be mulhple We have observed 1 patient m whom three 
separate primary lesions (not recurrences in a single area) developed 
on a leukoplakic tongue over a period of about six weeks Multiple 
tumors may occur at longer intervals , foi instance, a man who was 
treated at the Memorial Hospital in 1922 for a cancer oi the left border 
of the tongue returned in 1940, at the age of 70, with a cancer of the 
opposite side of the tongue In our clinic, some degree of leukoplakia 
was specifically noted m about 46 per cent of all cancers of the tongue 

Tobacco — It IS difficult to estimate the degree of influence of tobaa 
m the etiology of cancer of the tongue In our male group, about 7o pe 
cent of patients admitted the moderate to heavy use of tobacco 
time during their adult life, but this figure loses most of its signi canc^ 
m view of the fact that the general adult male population 
be addicted m at least as high a percentage The lesser 
of the female to intraoral cancer has often been ascribed to 
indulgence in the tobacco habit In our series, only 9 per 
women admitted smoking, as compared to 75 per cent o ^ 
Nevertheless, if one considers only the nonsmokers of 
disease is still more than twice as frequent m the male as m ^ ^ 

Teeth and Artificial Dentures — In the sixth and 
when the incidence of mtraoral cancer is greatest, a large c 

of the general population has suffered dental diseases an 
prolonged periods The presence of these dental defects, o 
be coincident with the “cancer age” rather than a direct j„j' 

As with tobacco, the ubiquity of these dental factors m t 
lations renders it impossible either to affirm or to deny ^ lirg^' 
significance In only about 10 per cent of our patients 
cancer were the teeth found to be clean and in good repair, 
patients dental defects and sepsis were almost the rule 

In a few instances the association of ’’ 

grow th is evident The most obvious form of dent 
presence of a sharp tooth, broken or worn, or oi occur’’'- ' 

directl} in contact with a carcinomatous ulcer, ’ 
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approximately 10 per cent ot our patients In certain instances the 
experienced observer will suspect that a supposedly guilty tooth or 
denture may have become ‘hrntating^^ or “ill fitting” after and because 
of the development ot a cancerous growth, rather than vice versa Less 
direct dental abnormalities noted in our patients were advanced dental 
caries and pyorrhea 

PATHOLOGY 

Differentiating, keratinizing squamous carcinomas and relatively non- 
keratinizing mucous membrane types of epidermoid carcinoma comprise 
about 90 per cent of the malignant tumors of the tongue which occur 
anterior to the circumvallate papillae About 80 per cent of carcinomas 
of the base of the tongue are of the nonkeratmizmg variety, and m this 
region anaplastic tumors occur m larger proportion Transitional cell 
carcinoma and lymphepithelioma comprise about 20 per cent of tumors 
at the base Spindle cell epidermoid carcinomas occur in the tongue, 
but they are rare Forms of adenocarcinoma, adenoid cystic adeno- 
carcinoma and mucous gland adenocarcinoma, indistinguishable from 
various types of gastrointestinal cancer, may occur 

Sarcomas of the tongue are exceedinglv rare, except for lympho- 
sarcomas of the lingual tonsillar tissue The clinical records of the 
Memorial Hospital contain but 1 case of probable muscle sarcoma 
Repeated reference to sarcoma of the tongue may be found in the litera- 
ture of the last fifty years, but in most cases it seems to us that the 
histologic verification is far from clear The only clearly acceptable 
instances of tiue malignant myosarcoma recorded in the literature are 
the 2 described by Capped and Montgomen%^^ m which the growths 
occurred in children, as did the one in our case In any event, sarcoma 
of the tongue is so rare that it can have little or no influence on the 
statistics of cancer 

SYMPTOMS, MORBID ANATOMY AND CLIMCAL COURSE 

In general, lingual cancer tends to be practically symptomless in its 
early stages The most common first symptom in our group of cases 
UTS the discovery by the patient of the primary lesion itself or of the 
metastatic node, and in over 50 per cent of the cases there was no com- 
phint except of its physical presence In the anterior two thirds of 
the tongue, the giowth was usually discovered by the tactile sense as 
Tu irregularity or roughening of the mucous membrane 

Occasionally pain is a first s^lnptonl in cancer ot the tongue, but it is 
remarkable that this s>mptom should not be complained of more often 
since most benign ulcerated lesions ot the tongue are painful, for 
example, herpes or traumatic ulcers It is probable that if the tumor 

11 CappLll, D r, and Montgomcr\ G L On RIubdom\oma and M>o- 
bhMoma J Path Bad 44 S17 1937 
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begins m the superficial layers and ulcerates early pain wU be an earh 
symptom, but m other instances the growth, even though ulcerated, 
takes the form of an epithelial covering and thereby protects the under 
lying sensory nerves from irritation sufficient to cause pain 

In the majority of instances the patient discovers the lesion bv the 
tectile and visual senses alone and not because of any actual discomfort 
After this discovery, delay in seeking medical advice is due mainlj' to 
the fact that the average layman believes that a senous disease cannot 
exist in the absence of actual discomfort Once initiated, the progress ot 
the growth may be so gradual and insidious that it is accepted as a part 
of a long-standing chronic glossitis or oral dental sepsis The postenor 
third, or base, of the tongue has httle or no tactile sense and cannot be 
visualized by the patient, and growths in this region are therefore apt 
to reach a larger size or even to metastasize before producing sjmiptonb 
sufficient to induce the patient to seek medical advice 

Other first symptoms, in the order of their frequency, are as follows 
the development of palpable cervical nodes, hoarseness, dysphagia or 
dyspnea (when the base of the tongue is involved) and pain, tenderness 
or irritation ascribed to sharp teeth or lU fitting dental plates Tbe 
average duration of symptoms before admission was about se\en 
months in the series herein reported, as compared to nine months for 
cancer of the cheek 

The manner of origin and subsequent development of the tumor 
may vary, dependmg on its exact site of origin, and we shall consider 
first the tumors of the anterior two thirds In this region the nios^ 
common form is a small, indurated, painless, nontender ulcer arising 
on the edge of the middle third of the tongue Palpation reveals tut 
the tumor is larger than it appears on inspection alone As the lesio 
increases in size, the surface becomes raised and granular, the nice 
tion spreads and the infiltration deepens Finally, the center becoi 
excavated, and when the growth has reached the size of 2 or 3 cm 
diameter, deep erosion, Assuring and infection commonly occur, 
pain and tenderness 

Until the disease has infiltrated about a third of the antenor 
tion of the tongue or until a fungatmg tumor 2 5 or 3 cm m 
has developed, there is usually little actual discomfort or mte 
with function In the later stages, when the muscular b ^ 
tongue has become deeply involved and infiltrated by the ujijuii' 
by sepsis, the organ hes practically immobile in the floor of t e 
Surface necrosis is then apt to occur, with repeated 
to erosion of the hngual artery or of its larger branches F^'n r^^^ 
to the ear or mastoid region, fetor oris and excessive sa i 
distressing late symptoms 
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Symptoms of Cancer at the Base of the Tongue — A primary lesion 
at the base of the tongue is not often discovered by the patient, who is 
therefore apt to seek medical advice first because of an enlarged cervical 
node In the series herein reported, symptoms referable to the tongue 
or to the pharynx were unrecognized on admission by one third of all 
patients with cancer at the base of the tongue, since, even when present, 
such symptoms as slight soreness, dysphagia, hoarseness or dyspnea 
were apt to be vague and misleading A cancer at the base of the 
tongue may ulcerate and reach a size of 3 cm or more without causmg 
any particular noticeable local symptoms 

In over 30 per cent of cases of growths of the posterior third of 
the tongue, the refemng physician had not discovered the primary lesion 
but had suspected cancer because of cervical adenopathy A careful 
examination of patients referred because of cervical lymphadenopathy 
(nodes 3 to 4 cm in diameter or even larger) often discloses a primary 
lesion in the base of the tongue less than 1 cm in diameter, though in 
most instances it is over 2 5 cm in diameter when the first diagnosis 
of cancer is made 

Morbid Anatomy — Cancer of the tongue is almost always of epi- 
thelial origin and therefore begms on the surface Unfortunately, one 
rarely has an opportunity to observe and describe the disease in its 
earliest stages In our clinic, in the rare instances when the lesions were 
less than 5 mm in diameter, they almost all appeared as slightly ulcer- 
ated fissures in the center of preexisting leukoplakic patches (fig 2) 

It IS certain, however, that the disease does not always begin in this 
manner When the growth does not originate in a leukoplakic patch, 
it IS probable that it begins as a microscopic submucous nodule and that 
the earliest departures from the normal are so slight as to preclude a 
diagnosis by physical examination until the growth has reached a size 
of ^ to 10 mm , with defimte induration and ulceration 

IMost of the earlier lesions are from 1 to 2 cm in diameter when first 
discovered and consist of a superficial, indurated plaque, slightly raised 
above the surface of the tongue, ulcerated in its center, with an irregular, 
nodular, coarsely granular surface (fig 3) In such lesions the indura- 
tion extends several millimeters beyond the edge of the ulcer and the 
infiltration reaches a depth of 0 5 to 1 cm 

There may be considerable variation in the anatom\ of tumors which 
have reached a size of 2 to 2 5 cm m diameter At one extreme may 
be found papillary fungating lesions with only moderate infiltration, 
otten slightly pedunculated, with marked eversion ot the mucous mem- 
brane at Its borders The degree of fungation from the surface is 
usually inversely proportionate to the depth of the infiltration At the 
other extreme are the deeph infiltrating and exca\nting lesions which 
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Fig 2 — Very early cancer of the tongue arising in the center of an 
leukoplakia in the middle third of the lateral border (A) At this stage 
of metastatic invasion of the cervical nodes are slight, and cure is a 
with either irradiation or surgical treatment In this case, after biopsy 
ment was by the implantation of one radon seed of about 2 milhcuries 
condition The patient has remained well for about eight years 






fv ^ 111 



Fig 3 — The average cancer of the tongue on tlie on tli^ ^ 

hospital presents an ulcerated granular lesion 2 to 2 5 cm jn though tl^ ' 

border of the tongue in the middle third (A) At this adim^ 

nodes are not palpabl} enlarged, metastases are actual > cour 

about 10 to IS per cent of all ca^es, as shown by the a li ^ 

preferable form of treatment for the primary le:>ion i^ i^j^cnud b 
condition after application of peroral roentgen ■ 

seeds Since no cervical metastases were palpable, no 
necL The patient has remained well for about six jears 


rjVC 
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begin to erode the tongue substance in the early stages of infiltration 
Midway between these extremes are found tumors which produce 
only moderate alteration of the normal contour of the hngual surface, 
although they ulcerate superficially and infiltrate deeply 

In other chmcal fonns the lesion may assume the character of a 
superficial ulceration which advances mainly at the edges, eroding the 
mucous membrane over an area 2 to 3 cm in diameter without infil- 
trating the lingual substance to a greater depth than 3 to 4 cm In 
some instances the growth apparently arises in the deep layers of the 
mucous membrane or in fissures and extends and infiltrates deeply, so 
that a large tumor may occupy the body of the tongue with little or 
no surface ulceration In the so-called scirrhous form the involved 



Fiff 4 — Cancer of the dorsum of the tongue is usually associated with leuko- 
plakia, and there may be multiple primary lesions The dorsum of the tongue is 
readily accessible to treatment by irradiation, and the prognosis is good except 
for the possibility of the development of additional growths in otlier areas This 
patient had a cervical metastatic node m the left side of the neck, which after 
aspiration biopsy was treated by fractionated roentgen irradiation and implantation 
of radon seeds The patient has remained well for over fi\e >ears 

portion of the tongue is shrunken, sometimes to such an extent that in 
the advanced stages of the disease the whole organ seems to have dis- 
appeared 

Cancer developing on the basis of ad\anced leukoplakia ma) appear 
as a papillary, warty, nonulcerated growth, as an indurated, slightly 
ulcerated fissure in a leukoplakic patch or as a deep red supcrlicnl 
granular ulcer surrounded by leukoplakia (fig 4) When the cancer 
dc\ clops on the basis ot a long-standing s\phihtic glossitis (both super- 
henl and interstitial), the tongue Ina^ be so swollen and edematous 
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that the jaws cannot be completely closed In such instances the 
swollen bulk of the tongue may be due mainly to sepsis while the mass 
of the actual cancer is comparatively small (fig 5) 

In the advanced stages more than one clinical variety may be present 
The entire tongue may be infiltrated and boardhke, with surface ulcera 
tion over one or more areas 1 to 2 cm in diameter, in other mstances 
the growth may infiltrate deeply from its point of origin and appear on 
the surface in one or more additional areas by perforation of the mucosa 
from below 

Metastases — The comparative incidence of metastases on admission 
to the hospital with the more common forms of intraoral cancer is shonn 
m table 1 In the senes of cancers of the tongue reported here, the 



Fig 5— -Diffuse involvement of the tongue by cancer an and if 

glossitis Such lesions are not smtable for treatment by glossecW®) 

tongue is movable, they are sometimes best dealt with by su 
This patient died of cervical metastases after several mo* 
recurrence following subtotal glossectomy 

. rauar Obsin^'^ 

Table 1 — Incidence of Cervical Metastases of lulfooTa 

at the Memorial Hospital 


Primary Lesion 


Tongue 

Up 

Cheek 

Nasopharynx 


Metastases on Metastases 

Admission Admission 

35 % 2 ^ 

4o% Sl% 

Tl% 


inyT'-' 

iT-' 
o > 

If 


4 % 


1 39 per ceii^ 

incidence of metastases on admission was a out a toi 

additional 24 per cent subsequently had metastases, <- 

62 per cent with metastases at some time dunOj, 
disease 
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The group of lymph nodes earliest and most frequently involved is 
the upper deep cervical (55 per cent), which is centered about at the 
bifurcation of the common carotid artery (fig 6) This area was even- 
tually involved in 80 per cent of all cases of metastasizing cancer of 
the tongue in this series When imtial involvement of the cervical nodes 
IS on the side of the neck opposite the primary lesion, the upper deep 
cervical nodes are almost always the first to be invaded In the cases 
under consideration, bilateral metastases occurred in about 25 per cent 
of all lesions which metastasized The sites next often involved, in 
the order of their frequency, are the submaxillary triangle (15 per cent) 
and the midneck (7 per cent) As the disease progresses, it extends 
to the other groups of nodes, and after the upper deep cervical nodes 
have been invaded, one should always be on the watch for enlarged nodes 
m the lower deep cervical region or in the posterior triangle of the neck 



Fig 6 — Pathways of metastasis m cancer of the tongue The figures express 
the frequency of initial involvement in certain areas 

Dissemination below the clavicle to the viscera or other soft parts 
and to bone is far more frequent in cancer of the tongue than in cancer 
of the hp or cheek Visceral metastases are particular!} likely to 

follow growths of the base of the tongue, where anaplastic tumors are 
common In the autopsy records of the Memorial Hospital, it has been 
found that of about 68 patients dead of lingual cancer, 12 (18 per cent) 
had visceral metastases with the distribution shown m table 2 Ewing 

12 (a) Cnle, G W Carcinoma of Jaws, Tongue, Cheek and Lips Surg 

G>ncc cS. Obst 36 159, 1923 (6) Gemes, C , Breton, A., and Boury, M Cancer 

du coLur sccondairc d un epithelioma de la langue chmqucmcnt gucri par I’appli- 
cation dc radium reflexions Bull Assoc franc p 1 etude du cancer 26 58 1937 
(0 Lenz, M, and Sproul, E Carcinoma of the Tongue, \n\ J Surg 35 102, 
1934 (d) Spencer, W G , and Cade S Diseases of the Tongue, Philadelphia 

P Blakiston’s Son ^ Co , 1931 

13 Ewing, J Kcoplastic Diseases ed 3 Philadelphia, W B Saunders Com- 
pan>. 1928 
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repoited a case ot diltuse peinication of pulmonary lymphatics from 
squamous caicinoma of the tongue 

DI VGXOSIS 

A tentative diagnosis of cancer of the tongue is not difficult in the 
average case \\dienever chronic ulcers or indurated tumors occur m 
the tongue or any other part ot the oral cavity, cancer should be sus 
pected Examination of the anterior two thirds of the tongue is easily 
performed under ordinary lighting assisted by the palpating finger 
Examination of the base of the tongue should be performed by inspec 
tion \\ith a headlight and a throat mirror, supplemented by careful 
palpation 

Biopsy — If a suspicious lesion is found, a biopsy should always be 
made at the time of the first examination In any case, there is no 
excuse for a temporizing or passive attitude in the presence of a chronic 

Table 2 — Incidence of Distant Melastases from Lingual Cancer Observed 

at the Memorial Hospital 

Total number of autopsies 
Number showing distant motastascs 
Lungs 
Liver 

Mediastinal nodes 
Pericardium 
Pleura 
Diaphragm 
Ribs and sternum 
Humerus 

ulcer of the tongue Even though therapeutic tests ma)^ be subsequen ^ 
indicated m the form of antisyphilitic therapy, sodium perborate m 
washes for Vincent’s ulcers or extraction of teeth, there is no co 
indication to making immediate biopsy 

A survey of both the past and the present day literature wi 
that there is no uniformity of opinion in regard to the 
justification for biopsy in cases of cancer of the tongue ^ive 

Cade 1-1 called attention to the fact that the common tendency^^ S 
the patient a chance by treating an undiagnosed lesion as 
many instances gives the cancer, rather than the patient, a 
also made the rather equivocal statement that a biopsy spccim 
be taken, provided that "‘it is not detrimental to the 
might ask what possible detriment to the patient could result r 
a biopsy specimen in comparison to the absolutely fatal ^ ^ott 
an undiagnosed and untreated cancer of the tongue What 
detrimental than the misfortune of treating syphilis or tu oi 

irradiation or excision of the tongue under a mista en 


67 
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cancer? Without biopsy, most tuberculous and gummatous lesions 
ot the oral cavity would be treated as cancer in the average otherwise 
competent cancer clinic There is no way to make cancer a safe disease, 
but probably the weakest and most futile gesture which can be made 
toward this end is the simple omission of a biopsy 

One biopsy with negative results does not necessarily disprove the 
presence of cancer The more intelligently the tissue fragment is 
removed from the indurated edge of the ulcer, the more dependence 
can be placed on the histologic report In any case, the ulcerated sur- 
face of a malignant ulcer may be covered by exuberant simple granula- 
tion tissue, and therefore, if the clinical appearance of the lesion so 
indicates, when a biopsy gives negative results the examination should 
be repeated at least once A safe precept is In the presence ot a sus- 
picious lesion, always rule out cancer first This usually means the 
removal of a biopsy specimen 

A biopsy specimen from a fungating cancer of the tongue is usually 
best taken by a biting forceps, a fragment about 3 to 5 mm in diameter 
being removed If the lesion is deeply infiltrating, with a depressed, 
firm center, a scalpel may be used to remove a small wedge of tissue of 
about the same diameter A lesion at the base of the tongue often 
cannot be approached by direct vision, and the specimen is preferabl}^ 
removed by a curved specimen forceps guided by a throat mirror 

Cervical Adenopathy — An essential finding in the diagnosis of cer- 
vical metastases is palpable enlargement of the lymph nodes Without 
such enlargement, it must be assumed for all practical purposes, at least 
for purposes of record, that such metastasis has not as yet taken place 
Even though present, enlargement of lymph nodes 'within the area of 
drainage of an infected cancer may be due to p}ogenic infection only, 
and in such cases the cancer itself may not have spread beyond the 
borders of the primary lesion It must also be realized that lymph 
nodes are not necessarily diseased or in an) way abnormal simply 
because they are palpable 

About 30 per cent of all cancers of the base of the tongue in the 
clinic at the j\Iemorial Hospital are referred because of cervical lymph- 
adenopathy with the primary lesion undiscovered Not infrequently 
cervical nodes have been excised for blops^ and the patients referred 
with a diagnosis of “cancer of the neck “ In all cases in which the 
complaint is only of cervical lymphadenopathy, the oral cavity, the base 
of the tongue, the nasophar)uix and the phar)ngeal walls should be care- 
fully examined for a primary lesion It should be remembered that 
most conical adenopathies in the adult an malignant and probably 
uittasiatic from cancer pinnaiy in the oral caviiv or the oral and nasal 
phai 3 nges 
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Delay m Diagnosis — ^Unfortunately, the physician whom the patient 
first consults is often responsible for a serious delay in diagnosis The 
significance of such diagnostic eriors is due not only to the frequenci' 
with which they occur but also to the fact that the patient, his fears 
quieted, may procrastinate unusually long before seeking a second 
opinion The a\erage time between the patient’s first visit to a physi 
Sian and a correct diagnosis wms five months in the present series, a 
figure which agrees fairly w'ell wnth reported averages In over 10 per 
cent of cases, antisyphilitic treatment had been given for penods vary 
mg from tw^o months to tw'O years (average six months) under a nus 
taken diagnosis of gumma In about 6 per cent of these instances,! e 
physician had noted the primary lesion and had applied a topical rem ), 
usually cauterization by silver nitrate, with an average delay m 
diagnosis of three months Curiously enough, cancer of the ° 
tongue IS often confused with chronic tonsillitis In a peno o 
years at the Memorial Hospital, 8 patients were referred after tons ^ 
tomy for the relief of symptoms undoubtedly caused by the presen 


a bulky cancerous ulcer at the base of the tongue 

The members of the dental profession are also responsible o ^ 
delay in diagnosis In about 5 per cent of our series the ^ 
first consulted a dentist and had had teeth extracted in the neij, |y 
of the tumor itself, believing that the lesion of the tongue 
dental trauma The probable nature of the disease was im^ 
recogmzed by the dentist m less than 10 per cent of these ca 

Differential Diagnosis — The diseases most apt to 
culty m differential diagnosis are, in the order of t eir 
syphilis, tuberculosis, papilloma, superficially etc) 

leukoplakia and simple granuloma (Vincents angina, jongtie 

Less common conditions sometimes confused with conditio^’ 

are glossitis rhombica mediana and muscle xanthoma caarcf 

as hemangioma, lymphangioma and papillary fibroma 
so little that they never should be confused with it 

Syphilis — ^For several reasons, syphihs is responsibly 
and confusion in the diagnosis of lingual cancer (],ag,io=i= 

dition First, a great deal of stress has been pa ^ j^jigual 
of syphihs in medical education Second, gumma ^j^out 

present about the same clinical appearance (fig / 
third of all patients with lingual cancer also have syp ^ 

Since in medical education the fact is stressed 
fest itself in a variety of forms, it is perhaps n 
should assume syphilis to be the sole cause of a c iro ^ 

, , j L.-cal Santiago, Chil«- 

13a Rahausen, A Cancer en la cavidad bu , 

nacional del radium, 1936 Lane-Claypon ^ 
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Wassermann reaction is positive This assumption leads to the most 
frequent and tragic errors in the diagnosis of lingual cancer In our 
clinic, we find that prior to admission more than 10 per cent of patients 
with cancer of the tongue have received antisyphilitic treatment for an 
average period of six months before the phvsician finally has realized that 
syphilis alone was not responsible for the lesion In a case oj chronic 
ulcer of the tongue, a positive Wassermann reaction does not disprove 
the presence of cancer, since syphilis and cancer of the tongue coexist 
in about one third of all cases, as has alread}^ been mentioned As a 
matter of fact, the presence of a positive Wassermann reaction strongl}^ 
s^SS^sts that an associated chronic ulcer of the tongue is cancer i ather 
than any other condition 

Since gumma of the tongue is so rare (the incidence is less than 1 
per cent of that of cancer of the tongue) , it seems illogical to emplo} the 



^ ^ — Gumma of the tongue is a rare disease and ma> closely simulate 
cancer The diagnosis should be made only after exclusion of cancer by repeated 
biopsies and the complete healing of the lesion within a month under antis>T)hditic 
treatment A lesion of the tongue which persists for more than that time under 
^ggressuc antisyphilitic treatment is not a gumma 


therapeutic test without first making a biops} It is certainly unwise 
to persist in the therapeutic test for longer than three weeks, for it has 
been our experience that a gummatous ulcer of the oral mucous mem- 
bnne w^iJl invariably heal within that time under aggressive antisyphilitic 
tliLrap\ The clinical appearance of long-standing syphilitic glossitis 
''ith leukoplakia is not marked)} altered even by hcav} and Jong- 
continucd antis} philitic therap} , and the therapeutic test is therefore ot 
no \alv\e in these cases 

I ubti culosis — Tuberculous ulcers of the tongue are often coniused 
''*th eaiiecr and as such arc referred to a cancer clinic Ihe rclaine 
frequencies ol c nicer, tuberculous uleers and guniina ol the tongue 
leeordnig lo Uk admission records of the Memorial Hospital art 
respee(i\v.b , about 100, 3 and less thin 1 Tuberculous uleers are usinlK 
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P->n.ful -,,! r "“"” ('’»' 8) TubercuTr , “«l)’8»* 

"“!■ Hie md oi ■'i<ii.rat,orTd,r"'"'“'’"” 

*.no„a“l; '7“^ ™e,„b,a„J a al.ao, ' ““ 

-npom ' P“'"-“»0 tuberc.,loa,s t «»'■*" » 

posU e , P-'PP':-' trealme,,, t '',ag„„s,s ,s especrt 

reatnient for tubercuJosis ai ) almost tile «ori( 

and vice versa 



^^Tubercuiou ~ ^ — '■ ' 

both ^ They niav rl ^ occur on the borders, the tip or the dorse® 

of th and tender Th l^ in appearance but are 

^ ciest and exannnaftn ^ is made by biopsv, roentgen exaniiiiatitn 

of the sputum 


pve rise to papiJJom of the stratified squamous type im' 

'P'ons usuali; ;;; "™' te of the tongue IS no exception Such 
tissue response ^ some form of chrome irritation to uhich 

instances, papjJJoma ^ relatively benign overgrowth In cemm 
condition or may ^ intermediary stage or a precaiicerom 

true cancer is alread^^^^ ^.reas m which the transition is complete an*! 
occurs at the tin ^ P^^^ent Papilloma of the tongue most comnw«^ 
The lesions are u ^li herders We have never seen it at the li^ e 
pedunculated Papillary but may be either sessile or 

^^tiko PIqJ^^q J- y 

In a careful evami ’°P^slna is a common condition ot the oral can 
nation and analysis of 200 patients (100 men and 
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women) over 45 jears of age without mtraoral cancer at the Memorial 
Hospital, demonstrable leukoplakia was found in over 50 per cent of 
the men and m 10 per cent of the women Leukoplakia so advanced 
as to be obvious on even casual examination may be found in about 15 
per cent of otherwise normal men over 45 years of age 

Only the advanced fissured or verrucous types of leukoplakia offer 
any problem m differential diagnosis In these lesions, cancer may be 
present at any point, and a decision as to the treatment may be some- 
what difficult Biopsy specimens should, of course, be taken from the 
most suspicious areas If these are noncancerous, aggressive treatment 
for leukoplakia had best be carried out as a proph}laxis against cancer 

Simple Granuloma — A diagnosis of simple granuloma should never 
be made in the case of a chronic ulcer of the tongue without repeatedly 
negative results of biopsies and/or a prompt healing of the lesion under 
simple measures The biopsy may be withheld temporarily if there is 
a history of competent and recent acute trauma, such as biting of the 
tongue, or if a painful tender ulcer, such as those present m herpes or 
Vincent's disease, suddenly appears If such an ulcer persists longer 
than two weeks, a biopsy is defimtely indicated 

The Foliate Papillae — These structures are situated on the edge ot 
the tongue just opposite and anterior to its junction with the anterior 
tonsillar pillar (fig 1) The foliate papillae appear as variable but 
usually slight elevations in the surface contour, marked by several ver- 
tical fissures Their color is ordinarily somewhat deeper red than the 
surrounding mucosa, and on a casual examination they ma} even 
resemble superficial ulcers In cancerophobia, these areas are frequently 
noted, and with repeated examination and palpation by the patient the 
difference in color may become more marked Therefore, in the differ- 
ential diagnosis of cancer of the tongue in an apprehensive patient, these 
areas assume considerable significance Lacassagne^* and others have 
discussed this question m some detail When cancer arises primarily 
in this area, its early stages ma} closel> resemble a slightly inflamed 
folntc papilla 

Glossitis RJwinbica Mediana — This condition is most often found 
in middle-aged men and consists of an indurated, nonulcerated, painless 
superficial ovoid or rhomboid mass situated in the midhne of the dorsum 
of the tongue just anterior to the circumvallate papillae in the apex of 
the V Ihe appearance and cspecialh the position are diagnostic We 
ha\e ne\er seen cancer arise at this point in the tongue \o treatment 
is indicated for glossitis rhombica mediana except in the presence ot 

14 Licas^gnc \ Raduini Treatment of Cancer at the Cunt Inititutc Pans, 
New York Tlios Nelbon <51 Sons 1931 
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cancerophobia, in \\ Inch the lesion may be surgically excised A senes 
of 11 cases has been repoitecl from the Memorial Hospital^® 

Fib) onto — Papillar}’’ fibroma, a pedunculated smooth lesion usualli 
2 to 4 mm m diameter, commonly occurs at the tip of the tongue, appar 
ently more often m temales than m males The benign character ot tins 
lesion IS evident, and the treatment is by local excision 

Angioma — Hemangioma and lymphangioma should offer no difli 
culty m differential diagnosis at this time, but 1} mphangioina formerl) 
nas often mistaken tor cancer ot the tongue 


GEXEIOVL PRINCIPLES IN THE TREATMENT OF 
CANCER OF THE TONGUE 


There is considerable difference of opinion as to the most effectne 
methods of treatment of cancer of the tongue At one extreme are found 
those who advise surgical excision of the primary lesion (either b} 
scalpel or by endothermy) and neck dissection for ceiAUcal metastases 
(Harmer , IMorrow , New , Truesdale , Simmons and otherb) 
Under this purely surgical management the operative mortaliU b hio' 
Among various authors, the mortaht}" is reported to be m the neig o 
hood of 25 per cent of the patients so treated In their writings t e^^ 
authors either omit any specific mention of irradiation or conce e ^ 
usefulness only m the treatment of recurrent or hopelessly a ' 
lesions, whereas in institutions where there are adequate faci ’ * ^ 

irradiation and surgeons experienced in their application, wre 
general agreement that irradiation, either alone or combined wi^ 
servative surgical treatment is the most applicable and genera } 
method of treatment for the pnmary lesion (Berven, 

Berger , -- Tailhefer , Coutard,"'^ and others) 


15 Martin, H E , and Howe, M E Glossitis Rhombica Mediana, 

107 39, 1938 gj 1928 

16 Harmer, W D Cancer of the Tongue, Brit J Surg 

17 Morrow, A Cancer of the Tongue, Ann Surg 10 > LaijnSi 

18 New, G B Cancer of the Tongue and Lower 

Rhin & Otol Soc 41 1935, 1935 ^ 1923 

19 Truesdale, P E Cancer of the Tongue, Ann Surg ’ - jpjl 

20 Simmons, C C Treatment of Oral Cancer, Am I canwf’ 

21 Berven, E G E Resultats du traitement ) 1935 P 

la cavite buccale et du pharynx, Gaz med de France (supp phan'^-' 

Radiological Treatment of Malignant Tumours of the Ora 

Acta radiol 18 16, 1937 ^ nat d chir 58 

22 Roux-Berger, J Cancer de la langue. Bull et mem 

1343, 1932 cancer ' 

23 Tailhefer, A Traitement chirurgical des , 5 ' Quick "• 

langue Resultats eloignes, Alem Acad de chir 62 975, 1 ^on^illar 

24 Coutard, H Roentgen Therapy of Epitheliomas 0 ^ ,3 3lx ' ' 

Hypopharynx and Lzrynx from 1920 to 1926, Am J 
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There is also divergence of opinion regarding the treatment of the 
cervical metastases Some investigators urge that surgical measures 
be used in all operable cases, irradiation being considered as a last 
resort Others recommend irradiation in certain instances and report 
cases in which irradiation alone resulted in pennanent regression of the 
inetastases 

Whether surgical or radiation methods or combinations of the two 
are used for cancer of the tongue, these procedures are more difficult to 
appl}^ and their complications are more serious m the tongue than in 
either the lip or the cheek The local involvement of the tongue is 
seldom limited to the more accessible free portions of the tip and borders 
of this organ, which are fairly accessible to any method of treatment 
Early in its course the disease tends to invade neighboring structures, 
such as the floor of the mouth or the tonsillar pillars, and such com- 
paratively inaccessible and inoperable areas as the base or the deep 
extrinsic musculature of the tongue In formulating a system of treat- 
ment for an unselected group of cases, one must therefore accept at 
the outset the fact that a relatively small proportion of all patients with 
cancer of the tongue may be considered operable when first seen It 
follows, therefore, that surgery alone can never be the solution of this 
problem 

It IS unfortunate that the current medical literature should still con- 
tain reports attempting to prove the superiority of one method alone — 
either radiation or surgical therapy — in the treatment of this disease 
111 our opinion, any such partisan attitude is entirely out of place in the 
management of so serious a problem as lingual cancer At the Memorial 


25 Cutler, M, and Buschke, J F Cancer Its Diagnosis and Treatment, 
iiladelphia, \V B Saunders Company, 1938 Eggers C Cancer Surgery 
aluc of Radical Operations for Cancer After Lymphatic Drainage Area Has 
Become IinoKed, Ann Surg 106 668, 1937 Fischcl, E Rational Therapy for 
^ncer of the Lower Lip, Am J Cancer 15 1321, 1931 Kennedy, R. H 
pithclioma of the Lower Lip Suggested Routine for Treatment with Descrip- 
tion of Operative Excision of Submental and Submaxillary L>mph Nodes ^nn 
"urg 106 577, 1937 Searby, H Treatment of Carcinoma of the Tongue, M J 
/ Ubtraha 2 210, 1926 Wangensteen O H , and Randall O S Treatment and 
vtsulls in Carcinoma of the Lip Report of One Hundred and Thirt> Cases 
Am J Roentgenol 30 75 1933 Tailhefer =3 


-0 (a) Coulard H Results and Methods of Treatment of Cancer b> Radia- 
tion \nn Surg 106 584 1937 (b) Du(T\ J J CerMcal L>mph Nodes m 

ntraoral Carcinoma Surgery or Irradiation’ \ni J Roentgenol 39 7o7 1938 
O lewis r O, m discussion of S\mposium on Intraoral Cancer \ni J Roent 
genol 26 ^9, 1931 (d) Neill \\ Jr m discussion of S>mi>osium on Intraoral 

linger ibid 26 o9 1931 (i) Ptaliler G H m diseusMon ol S\mposnmi «»n 

Jiilraoral Caneer ibid 26 ^9 1931 if) Welch C H and Nathan on I 1 

1^1“ -\peetanc\ m Malignant Disease II Carcinoma oi I ip Oral C i\it\ I ir\n\ 

Hid \iurum \,„ j Cancer 31 -Mb 19^7 
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Hospital oui staft is composed of surgeons \\ho administer or direct 
each detail of the treatment, whether by surgical intervention, radium 
or roentgen lays The suigeon-radiologist, therefore, uses his unbiased 
judgment as to the natuie and order of these several procedures 

In the treatment ot cancer of the tongue, three distinct problems must 
be considered ( 1 ) the h 3 'gienic care of the oral cavity before and durmg 
treatment, (2) the tieatment of the primar}'- lesion, and (3) the treat 
ment ot cervical metastases Each of these problems must be dealt 
with by a sepaiate and distinct set of procedures 

Genoal Hygioiic j\Ica^u)cs — Before instituting treatment, prompt 
measuies should be taken to improve the oral hygiene The teetli 
should be cleaned by a dentist and the patient instructed m the use of 
a toothbrush Sharp teeth, especially if in contact with the lesion, 
should be filed smooth or possibly extracted If the treatment is to 
include heavy irradiation, however, it is often safer to leave the teeth 
in place, if possible, than to extract them, because of the danger of 
osteomvehtis — a complication which we shall presently discuss in more 
detail 

A normal hygienic condition of the oral cavity is maintained in gr^^^ 
part by the constant flow of saliva In inan}^ acute mflammator)^ dis 
orders of the oral cavit}'' and especially in those following irradiation, 
the amount of saliva is markedly decreased and the normal washing oj 
flushing action of the saliva is lost Therefore, the oral cavity sho 
be irrigated frequently (every one or two hours) with copious mi 
alkaline saline solutions (1 to 2 quarts of warm water with 1 teaspoo^ 
each of sodium bicarbonate and sodium chloride) Sodium 
or zinc peroxide solution or other oxygenic mouth washes eveiv 
to four hours are also of great value during the radiation 
until the tongue has entirely healed Daily visits to the clinic 
able during the first few weeks of treatment A successtul resu 
depends to a considerable degree on a vigorous combating 
sepsis, which is an important complication under any form of tre ^ 

The feeding problem may be one of the most important 
successful treatment It is sometimes undesirable for the p 
take food by mouth even though he is able to do so, because t 
tion in movement of the inflamed tongue may induce a the 

of the food in the mouth, where it tends to putrefy 
sepsis For these reasons it is often advisable to adminiist 
the nutriment by nasal catheter during the period of the acti e 
reaction 

In all cases in which radiation reactions or open oper 
are present in the mouth, vitamin therapy (especiall) 
the administration of liver extract, either peroralh or in 
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are ot great value, since an inadequate intake of these substances will 
tend to produce lesions of the mucous membrane of the oral cavity 
The question often arises as to whether the attendant syphilis, which 
commonly is first diagnosed at the same time as the cancer of the tongue, 
should be treated concurrently with the tumor In our opimon, the 
presence of a positive Wassermann reaction with an uncomplicated 
nonmfected cancer of the tongue does not call for antisyphilitic treat- 
ment m the beginning If there is a great deal of glossitis and oral 
sepsis, it IS probable that the attendant syphilis is responsible for at 
least a part of these complications, and in such instances marked improve- 
ment in oral hygiene may follow the administration of mild antisyphilitic 
treatment Beyond this point antisyphilitic treatment should not be 
pushed until after the cancer is under control and healing has taken 
place 

Table 3 — Methods Used at the Memorial Hospital for Treatment of the 
Primary Lesion of Cancer of the Tongue 


A Radon seeds alone lor very small early lesions 

B Fractionated peroral roentgen irradiation supplemented by radon seeds — the most u'^eful 
method lor all except the very small growths of the anterior two thirds of the tongue 

C Fractionated roentgen Irradiation through the neck followed by supplementary radon seeds 
for cancer of the base of the tongue 

D Radon seeds ( overdosago ’) followed In 6 to 10 days by partial glossectomy This method 
Is Indicated onJj for a limited number of bulky fungating partly necrotic tumors 

E Variations In technic 

1 Roentgen Irradiation alone Ibis may be successful with a limited number of \ery 
radlosensltUo tumors Supplementary Interstitial Irradiation is probably Indicated 
In all cases 

2 Lo^v voltage lightly filtered peroral roentgen Irradiation This form of treatment 
should be limited to the very superficial growths on the anterior portion and dorsum 
of the tongue 

3 Surgical excision alone without either preliminary or postoperative Irradiation This 
procedure has a \cry small field of usefulness and should bo llralled to the funguting 
papillary tumors at the tip of the tongue 


TREATMENT OE THE PRIMARY LESION IN 
CANCER OF THE TONGUE 

In our opinion, the treatment of the primary lesion in the tongue 
should depend mainly on radiation, and if the lesion can be controlled 
b\ this means alone, the result most nearly approaches the ideal \\ ide 
surgieal excision would undoubtedly control a fair percentage of early 
accessible lesions, but this procedure is attended by marked functional 
disabiht} and m any case is applicable only to the operable minoriU 
It is probable that the majority opinion at this time fayors irradiation 
r liber than surgical treatment \ combination — irradiation followed 
b\ operation immcdiateK or for late complications — is an indispens*il)Ie 
method m certain instances Since sc\eral technics or combinations for 
the treatment of the pnmar\ lesion in cancer of the tongue are used in 
our elmie, each had best be described separateh These methods ami 
their mam mdieations are gneii m table 3 
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Radon Seed Implantation — Gold radon seeds, in our opinion, are 
almost universally the best torm of applicator for interstitial irradia- 
tion In many clinics, radon or radium needles are considered supenor 
to seeds (Berven,-’- Regaud , Spencer and Cade,^-** and others) In 
most clinics where such opinions are held, radon seeds are not generalli 
available oi have never been extensively used, and we belieie that 
where both are available the preference for seeds is rather uniform 
The surgeon who has become accustomed to the use of seeds and 
who then witnesses the introduction and suturing ot needles into the 
tongue will be struck by the excessive trauma, which could be aioided, 
and the cruel necessity for maintaining these toreign bodies sutured into 
the tongue for eight oi ten da} s, as compared to the rapid, painlesb 
introduction of seeds with use of local or short general anesthesia In 
small superficial lesions (0 5 to 15 cm ) of the anterior two thirds ot 


T VBLE 4 — Alilticiincs in Gotd Seeds Required to Deliier Specified Doses to 
Masses of Various Diameters 
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the tongue, seeds may be implanted directi} into the growt 
mucosal surface with the region under local anesthesia , ^ ° con 

is larger or if there is a great deal of infection and tendeniess, 
duction anesthesia or general anesthesia may be indicated 
If radon seeds are used alone in a single application, 
should be calculated so as to deliver about 10 threshold er} 
to all parts of the tumor The number of milhcunes m see^^ 
to deliver specific tissue doses to masses of various sizes 
table 4 So many factors enter into tlie selection o t^ jiiialiei' 
dosage that this question must remain partly empiric n 
tumors (requiring about 5 or 6 milhcunes) it is sonietim pnn 

tical to implant a single dose of seeds For the larger 
ciple of protraction or division of the dose is of definite 
this divided dose method, seeds are implanted ever} latter tt-t-ln' 
m fractions of the dose The total dosage of seeds m t ^ 

must be increased by 25 to 50 per cent over that requi |j^,i]aiire 
application Total doses approaching or ^^5 and 

destroyed in the tongue are apt to produce marked reac i 
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complications, and such heavy dosage should not be employed except 
by those who are experienced in this method of therapy 

The surface of the tongue through which the seeds are implanted 
should be thoroughly dried first and then painted with tincture of iodine 
(fig 9) The introduction of infection during implantation or needling 
IS one of the most potent factors in the production of subsequent radio- 
necrosis If the surface is recontaminated during implantation, it 
should be resterihzed before proceeding Ordinarily, seeds of 1 5 to 2 0 
millicuries are tlie most suitable, but their individual strengths should 
depend somewhat on their number and distribution 

Even with the strictest sterile precautions, it is not always possible 
to avoid the introduction of infection when seeds are implanted directl} 
through the oral mucous membrane For the larger lesions of the 
middle third of the tongue and for all lesions at the base of the tongue 
the readily sterilized skin of the submental or suprah 3 ^oid region ma} 





fiig 9 — Implantation of radon seeds in cancer of the tongue 

be used as the avenue of approach The midline ot the submental 
region from the symphysis to the hyoid contains no deep structure^ 
liable to injury b}^ the implanting trocar needle The skin at the point 
of the intended puncture is infiltrated with solution of procaine hydro- 
chloride, and the needle is then slowl} advanced through the deep tissues 
along Its path up to the tumor Through a stab \\ound m the skm, the 
implanting trocar needles are inserted and guided in their deep approach 
into the tumor by a palpating finger within the mouth ffig 10) After 
the implantation of larger doses of radon seeds (15 millicuries or more) 
into the tongue, protective shields ma\ be constructed to spare adjacent 
normal structures from at least a portion ot the unwanted eltecis oi 
r uhaiion 

^ iiiciionatid Ptrcral Rotniqui Ruduition SuppUmtutid h\ Radon 
Stids — This combmuion ot radiation technics is probabh the most 
n^etiil ind praelienl method ^o tar de\i^cd m the treatment ot the jiri- 

ViUrnnn \ T ProtLLtne Shields in Radiation Thcrap\ ot Iniraoral 
Ciniir \in f Roeiiteeno! 38 7-k> 
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inary lesion of cancel of the tongue The value of the protracted or 
divided dose principle of roentgen irradiation for intraoral and pharyn- 
geal cancer has been widely accepted, and no detailed discussion of its 
merits will be undertaken in this report The mam advantage of the 
tractionated over the massive dose principle is that with the former, the 
selective action of ladiation is increased, so that a greater destructive 
ettect IS produced m the cancer with a lesser degree of harmful action 
on the normal tissues of the tumor bed The mam objection to the 
use of this principle in the treatment of cancer of the antenor tuo thirds 
of the tongue is that if the skin of the cheeks is used as the portal of 
entry the jaws and dental apparatus are so heavily irradiated that certain 



Fig 10 For mterstibal implantation of tumors of the middle portion ° 
the base of the tongue, the introduction of infection may be avoided by 
implanting trocar through a stab wound m the skin of the submental or 
hyoid region 


late complications frequently ensue This objection is almost eiitirel) 
overcome if the open mouth is used as the portal of entry (fi? ^ f 
An essential factor in peroral roentgen irradiation is the use o 
cylinders attached to the tube holder, which serve to separate t 
and jaws, to retract certain normal intraoral structures in the app 
to the tumor, to limit the beam of radiation to the desired vo u 
area and to insure its correct direction to the lesion For this pu 
we have designed metal cylinders of various diameters (2 t 
4 5 and 5 cm ) and with the ends variously shaped All are n ^ 
fit into a master cylinder m order to be readily interchangea ^ 
detailed description of this technic and the necessary apparatus ^ 
published m a previous report For the average tumor m ^ 

- - I 

2S ilartm, H E Peroral X-Radiation m tlie Treatment of Intra 
Radiologj 28 527, 1937 
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third of the lateral border of the tongue, the patient draws the tongue 
partly out and to one side, and the cylinder is brought down between 
the lips and the gums and centered directly over the tumor (fig 11) 
With daily treatments single doses of 300 to 400 r are given over a period 
of about three weeks for a total of 5,000 to 8,000 r, depending on the size 
of the portal, the thickness of the lesion and the dose of supplementary 
radon seeds These factors of dosage must remain somewhat empiric 
and are selected for the individual case on the basis of past experience 
When a tumor on the tip of the tongue is irradiated, the tongue 
may be protruded from the mouth over a lead plate in which a notch 
has been cut to fit around the root of the tongue The beam of roentgen 



Fig 11— Lesions of the anterior two thirds of the tongue may be treated by 
roentgen radiation given through the open mouth The patient protrudes and 
holds the tongue so that the lesion is properly positioned Cylinders of various 
diameters are used to obtain the desired size of field An electrically lighted 
periscope is used as a final check on the accuracy of the setup 


niys IS then delivered to the tumor on the tip of the tongue obliqueI> 
do\\nward and back^\ard, and no normal tissues are irradiated except 
an unavoidable area through the notch into the root of the tongue 
Either high or low voltage roentgen radiation ma\ be used If the 
depth 01 the tumor is se\eral centimeters the more highh filtered roent- 
gen radiation is ad\isable Since the tumor is on the surtace the 
target-skin distance should be reduced (30 to 35 cm ) as to intenMU 
the superficnl effect The dosage is somewhat empiric and dejxnds on 
the site of the poital and the intended size oi the suhsLijucnt coinpk 
uieiu ir\ dose oi radon seeds 
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Radon Gold Seeds ( Ovo dosage^^ ) Followed in Five to Ten Days 
by pQ}tial Glosscctouiy — A combination of a massive dose of inter- 
stitial radiation followed within five to ten days by local removal of the 
tumor IS a method formerly widely empIo 3 ^ed in our clinic for the 
treatment of maity bulky lingual cancers Its indications were based 
on the fact that many of these larger lesions, if irradiated by adequate 
doses of interstitial radon, were complicated b} local radionecrosis and 
a long, painful convalescence The local surgical removal was intended 
to eliminate the tissues condemned to subsequent radionecrosis Since 
the more extended use ot fractionated peroral roentgen radiation the 
incidence ot radionecrosis from this cause has been markedly lessened, 
but partial glossectomy following radiation therapy is still an impor- 
tant technic, especially for the management of recurrences m heanl} 
irradiated tissues 

When this combination of methods is employed, a dose ot seeds 
IS selected so as to deliver a desired number of milhcunes destrojed 
within a specified time (five to ten days), after which the local 
tumor and contained radon are removed by actual cauter)^ The seeds 
are so placed m the tumor that they will certainly be removed with 
It The dose is therefore termed an ^‘^overdosage^^ that is, it would 
be an overdose if the radon were left m place for its total penod 
of deca) If the penod between the implantation and cautery renioial 
is short (seven to ten days), one may anticipate the eftect of radiation 
therapy so that the operative procedure is accomplished betore die 
local radiation reaction appears The rate of deca) of radon m ti'oin 
fi\e to fifteen days is given in table 4 

TecJimc of GlossectoDiy by Thennocante)y — In certain instauce:j 
this procedure may be accomplished with local or conduction ane^^ 
thesia, especially if the lesion lies in the anterior portion, or tip, 
the tongue If the lesion is more extensive or lies in the middle p ^ 
tion or extends to the base of the tongue, short chloroform 
IS to be preferred After induction, the anesthesia is continue ^ 
large nasal catheter inserted down as far as the tip of the 
and the pharjaix proximal to the end of the tube is packed with ga 
so as to close the surrounding airway and to prevent the aspmat 
blood into the trachea The tip of the tongue is transfixed bv two ^ ^ 
one m the portion which is to remain and the other m tlie ^ 
which is to be removed The buccal, palatal and labial mucous 
branes are next protected by heat-insulative shields (ba^^swoo ^ 
shaped to fit) The organ is then drawn out of the mouti 
by sutures Excision is accomplished by’’ the actual therm ^ 
w Inch in our opinion is preferable to any form of endothernn ^ 
point of the cautery is kept red hot, the cutting is almo:rt as 
with endothermy^ and capillary oozing is practicalK uoneM 
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therniore, since deep coagulation is avoided the cut edges soon take 
on a healthy granular appearance, with more rapid healing If the 
lateral half of the tongue is to be excised, a portion of the tip of the 
half which remains should be removed by an oblique incision (fig 12) 

Assisted by traction on the transfixed sutures, the line of incision 
IS kept under tension After division of the free portion of the tip. 



12— Partial glosbcctoni> A the tongue is drawn out of the mouth and 

b> bUturLb The cheeks and tlie mucous membrane of the bps are protected 
hcat-insulati\e shields of wood B, with use of lateral traction the excision is 
aeeoniphshed b\ the red hot point of a thin bladcd cauter> C, the cut ends of the 
hngual arteries are ligated, and the anterior portion ot the wound is Ioosel> closed 
s>ulures 

trictioii lb applied in in upward direction ind a horizontal cut is mule 
'Mill the cviUer> m the floor ot the mouth se\enng the j4eiU(i,4lus>UN 
luogluisus muscles and proeeedmg liiekwird into the minn-ic 
tnubeiiliiure, it neeebsar\, to llie Mlleeiil le deixiulin^^ (jii the extent 
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and depth of the intended e-xcisinn Tt. it 
as they are cut Suction rather thnn ^ smaller arteries are clamped 
the operative field reasonablv rip f spoiling is to be preferred to keep 
hemorrhage is not toTe t ^^ , ' ^^°ke Marked 

enters the under surface o^f th” ^ ^'^Poses the lingual artery, which 
opposite the first molar As the tongue about 

IS readily recognized as it anne Progresses, the lingual arteiy 

this point It mav he o- PP ^rs m the depths of the wound, and at 

withwt first bemtr ^ hemostat and severed If it is severed 

stat and ligated ^ by a hemo- 

and by this cauteiw^^ ^-^tend backward into the valleculae if necessary, 
hemorrhag-e Tnn i T particular difficulty is experienced from 

of the hns che I ^ attention must be paid to the proper protection 
wise abhstenn^ palate by heat-insulative shields, other- 

by contact anrl f ° mucous membrane surfaces may be caused both 
IS alwavfheH !, of the lingual arteiy 

three or four hgature, and it is usually necessary to tie 

lost should be smal^ the total amount of blood 

described presently technic of ligation of these vessels will be 

form of o/ the Base of the Tongue — This anatomic 

all cases opinion, should be considered inoperable m 

but becai because of the comparative inaccessibilty of this region 

anri t-n^ ° ^ ^ malignant, rapidly grow'ing, widely metastasizing 

and rad,osensmve nature of these tumors Cancer of the base of Ih 
well as pharyngeal cancer in many of its clinical features ib 

ation ^ ® 3-vorable response to fractionated external roentgen irradi- 
owever, neither necessary nor advisable to depend entireh 
tumors, since the base of the tongue 
comh^ doses of interstitial radiation without difficulty tV 

ticallxr u ^^^^roal and interstitial irradiation is indicated in 

^ our opinion The external irradiation is giwn 

^ period of two to three weeks and followed immediately h 
supplementary use of radon seeds 

cLi ^ protracted roentgen irradiation is usually given through the 
o e neck, since the open mouth cannot be satisfactorily emplu)^ 
r P°^ta of entry to irradiate the base of the tongue The po=itiu 
center of the tumor is marked on the skin of the 
re u inspection by a throat mirror and by digital palpation ' 
e closed, the base of the tongue and the tumor will be touu 
he a little below and anterior to the angle of the jaw The location ^ 
center of the portal will vary only about 2 cm from tb^ ^ ’ 
e jaw, no matter what the size and position of the tumor at i 

o le tongue, but these short distances are nevertheless ot great ja 
tance 
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In order to conserve the local and general tolerance, portals much 
larger than 7 to 8 cm m diameter should not be used unless indicated 
by the unusual size and extent of the tumor Portals with a diameter 
less than 7 cm are difficult to localize and maintain in place over deep- 
seated tumors For the average growth at the base of the tongue 2 to 4 
cm in diameter, using two lateral portals of 7 cm diameter, one may 
administer a senes of daily roentgen treatments of about 350 r to each 
side for a total dose of about 3,500 r times 2, and immediately on the 
completion of this roentgen irradiation insert a supplementary dose of 
radon seeds to deliver about 5 to 6 skin erythema doses (S E D ) 
(table 4) into the tumor by the technic already described The strength 
of the individual seeds should not be above 2 millicunes If necessary, 
total doses of 16 to 20 millicunes properly distributed are well tolerated 
in this region after doses of protracted roentgen irradiation 

Since metastases from the base of the tongue most commonly occur 
first in the carotid bulb nodes, it is often possible by a slight tilting of 
the beam to include both these nodes and the primary lesion in the 
primary beam The treatment of cervical nodes will be discussed further 
under a separate heading 

Variations in Technic jor Treatment of the Primary Lesion in Cancer 
of the Tongue — Occasionally cancer of the tongue will be so radio- 
sensitive that the tumor may disappear early m the course of the peroral 
roentgen irradiation, and the regression later may become so complete 
that supplementary treatment by radon seeds may be justifiably omitted 
However, m view of the increased safety and the slight disadvantage of 
a moderate dose of supplementary seeds, such attempts at the control 
of lingual cancer by external irradiation alone are not advisable, except 
m rare instances 

Low voltage, lightly filtered roentgen radiation ( 100 to 120 kilovolts , 
filter 1 to 2 mm aluminum) given perorally or to the protruded tongue 
may be used for very superficial but widespread lesions of the dorsum 
or of the anterior third of the tongue The dosage employed is about 
the same as in the treatment ot cancer of the skin Ihe method has 
certain disadvantages in that slight errors in technic, especialh in 
exposing the lesion and m shielding the normal struetures, are asso- 
ciated \\ ith troublesome complications 

\s has been previously mentioned surgical excision alone is seldom 
mdiealcd for the pnmar\ ksion ot cancer ot the tongue except possibh 
m those rare cases in which the tumor arises directh in the tip ot the 
longue and tends to lungale rather than to inhltrate In these cises 
m whieh the lesions arc not the most highh malignant ampntatu»n ot 
ihe tip of the longue with a margin of at least 7 to 10 mm ot nurmil 
U‘'‘'Ue IS probihh the most ex|Kditious method 
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treatxMent or metvstases from cancer of the tongue 

The manageinent of cervical metabtases is one of the major problem^ 
in le tieatment of intraoral cancer, and the degree of success in dealing 
^ complication determines in great part the eventual prognosis 
'v ei per cent of unselected cancers of the tongue metastasize at some 
time course of the disease Cancer of the tongue produce^ 

a out ^ per cent ot all cancerous cervical inetastases So far as the 
me ical literature is concerned, most of the statistical reports on the 
tieatment ot cervical inetastases have been based on senes of cases oi 
cancel ot the lip, an anatomic form of the disease which is obviously 

not lepresentatne of the whole subject because of its lesser degree of 
malignancy 


Cor the treatment ot cervical inetastases, there are a\ailable the same 
met lods as those used for the primary lesion, namely, irradiation and 
operation It has been our experience that both ot these methods are 
indispensable, and m a general consideration ot the special indications 
tor each we wish to avoid so far as is possible the appearance ot any 
partisan preference foi one or the other method Each method may be 


specifically indicated m certain instances, and a combination ot the two 
IS required in a considerable percentage 

From the stiictly surgical viewpoint, cancers are usually classified 
into operable and “moperable’^groups, and customarily no onus 
attached to surgery for its failure to benefit the ^hnoperable group’’ 
roiii the standpoint of irradiation, however, there is no equnaleiit 
or the term “inoperable ” Therefore, when the treatment b\ 
u radiation or a combination of irradiation and surgical therapy rebiilb 
are calculated on the basis of all tumors treated, and classification into 
inoperable” and “operable” groups is of little practical iniportaiice 
The apparent percentage of cures calculated on operable cancer treaty 
3 surgical intervention alone cannot be fairty compared with the rtbU 
m all cases of treatment by irradiation and/or surgical inten^ention 
Limitations of Neck Dissection— The time honored method tor the 
management of cervical inetastases is neck dissection, and this proce(^ ^ 
still ranks high under certain limited conditions In caseb ot Imb'*' 
cancer we have found it to have a very narrow range ot J 

for the following reasons Thirty-five per cent ot all cancers ot 
tongue present metastases on admission The treatment ot the p ^ 
lesion alone either by irradiation or by a surgical proctclnri- 
major procedure accompanied by marked local comphcatioiib troiii u ^ 
complete recover} cannot be expected for a period ot several 
eck dissection is also a major surgical procedure with a defini 
tahty We have always believed that aggressive treatment ot the pr - ^ 
lesion (either by a surgical procedure or by irradiation) ^ ^ 
accompanied or immediately followed by such a procedure a-' 
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dissection without an undue risk of serious complications or immediate 
mortality If, for this reason, the neck dissection is deferred until the 
primary lesion of the tongue is healed, it will in many cases be too late 
We therefore feel that if metastases are present on the patients admission 
to the hospital there can be little quesbon as to the contraindications for 
neck dissection 

Should cervical metastases from cancer of the tongue occur immedi- 
ately after the healing of the primary lesion and theretore early in the 
course of the disease, an analysis of the clinical course in a large series 
of cases will reveal that such metastases are ver} apt to be bilateral or 
soon to involve widely separated or outlying areas ot the neck Neck 
dissection in such instances would therefore probabh have to be bilateral 
and extensive within a short period — a condition surely not fa\orable 
to a high percentage of cures There are other factors, such as the 
advanced age and poor general condition of the patient, which constitute 
definite contraindications to neck dissection for lingual cancer 

Limitations of Radiation Therapy for Cervical Metastases — Radia- 
tion treatment likewise has certain definite contraindications From the 
practical standpoint, one may consider problems of which the following 
example is representative After treatment of early cancer of the tongue 
without metastases, there is prompt healing The patient attends the 
follow-up clinic very irregularl} but remains free of disease for two and 
one-half to three years, after which time he appears at the clinic wnth a 
fairly early, definitely palpable cervical metastasis on the same side as 
the primary lesion Since little dependence may be placed on the regu- 
larity of his return over a long period for the multiple visits necessary 
to complete the irradiation of his cervical nodes, neck dissection would 
obviously be the best solution of the problem, because the procedure 
could be completed immediatelv without the risk of fatal neglect or 
noncooperation Other contraindications to radiation therapy alone 
arise when cervical metastases from lingual cancer are large and bulk\ , 
with central necrosis and liquefaction In certain ot these case^ the 
best solution of the problem lies in a neck dissection alone or m a combi- 
nation of irradiation and surgical intervention Specific indications for 
each particular method wall be outlined under a description ot technic 
Trophylactic Tnatmcnt — As the term is generalK understood pro- 
plnhctic treatment refers to those procedures ajiplicd to the neck tor the 
control of possible metastases which arc not palpable or otherwise 
demonstrable Strictly speaking proph\la\is is not the proper term 
for this form of treatment since it is intended not to pre\ent meiastise'' 
but to control impalpable metastases which ma\ be jirescnt Such treat- 
oient nn\ be either surgical or radiologic 

hi the management ot intraoral cancer at the Metnori il Ilo^pital >iieii 
proplnHctie treatment to the neck either surgical or ridi(jl(jgie not 
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^S ordinartlv i “ nietastases were min u7 ^ must be 

to2sCerl! "?'* ^■’'' S-ven, prlLact 

2 sk,^er In our exoi ,1 ^ 'W‘ 

to stenlizp tioses have never been nh “ I ta 

Wh? l ' of ep,der™ " 'eart reponed) 

an jinnai ’ “^“uld such a dose^^be ass carcinoma or adenocaranoma 
proved loous of cancer the IT! ‘° “I 

anv ,m r ^ ^ “^etastases ? Thn survives and does not 

smce ,^ . tumor cell mav he ‘’■>' ^"o'' nrad/ata, 

partly devitalized by irradiation To ^h™"^ “ dancer 

just as malignant a course a f partial necrosis mat 

, administration of untreated cancer 

“OS) to the entire potenti3''nod*t*’'^ 1° * "* 0 " '=0*““ 

opinion, be dangerouTfnd “I «”= "“k ivoald, .. 

necessary to be of any noslw but this amount would be 

to be tolerated, must be hm n ! T ‘ Ifneer-lethal doses, ,n order 
e actual volume and arm ^ ° ^^iativdy small areas of the bod) 

e relatively small, and nn fi, curable palpable metastasei 

e successfully given for nal nf condition onljf may cancer-lethal doae> 
therefore, to limn the a^n ^ iicer ,„ these areas It is reasonable, 
according to this principf® to cervical metastasei 

The greatest strenm-h 

° ^he neck hes m fu^ r ° J' ^ tegument for prophylactic irradiation 
eports of end results arr>^r efficacy cannot be easily disproved 

but Since the actiiai cited m support of its alleged heiie- 

remains extremely doubtf ^he imtial metastatic involvement 

unconvincing to the rr,f V , ^ ^^gument is purely negative and entirelv 
The lack of justifi observer 

^he neck, especially r form of prophylactic treatment oi 

statistical analyses It I dissection, can be further proved h' 
even though efficacious^^ obvious that prophylactic treatment to the nedr 
esion IS permanentJir * ultimate value unless the pnin^^'' 

cant that m : controlled Since rhic ic frnzs ,f .c indtiK si^'ni/i 


■-nuugn efficacious propnjnactic treatment to i 

esion IS permanentlir * ultimate value unless the 

cant that m our analv Since this is true, it is highh - „ 

innted by selection of^tf ° ^ senes of 118 cases of cancer of the ton^ 
palpable nodes and m which the patients were admitted vnd’ot- 

uenth controlled, onl ^ primary lesions were eventualh Ftn-n 
tases In tfjg ^ per cent of patients later had cervical n’vfH’ 

form ot treatment to only the latter 22 per cent would nu 

c neck, prophv lactic or otherw ise, be oi car > 
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value It IS also obvious that if prophylactic neck dissection had been 
performed in the whole group of 118 cases, they would have been of 
value in only 26 of these cases (1 m 5), while 92 useless operations 
would have been done (4 m S), with a definite operative mortality 
Under the higher reported mortality rates (10 per cent), about 12 of 
these patients would have died of postoperative complications On the 
other hand, if neck dissections were omitted until nodes became palpable 
only one fifth as many operations would be necessary 

The practical application of these principles may be expressed by the 
following general rules for the management of cervical metastases 

1 If no palpable metastases are present, no treatment of any kind 
should be given 

2 If palpably and clinicall} involved nodes are present, one should 
limit treatment by irradiation to the individual nodes themselves, sparing 

Table 5 — Alethods Used at the Memorial Hospital for the Treatment of 

Cervical Metastases 


1 Protracted axtemal Irradiation through small portals followed by implantation of 
radon seeds This method Is the most generally useful for treatment of all cervical 
metastatic cancer 

2 Badical neck dissection This method has a limited application but la very useful 
when Indicated 

3 Hadon seeds alone This method Is Indicated only for very small or Isolated nodes 

4 External Irradiation alone This method Is useful only in very radiosensitive tumors 

5 Variations and combination methods 

V- Surgical exposure and implantation of radon seeds 

B Implantation of radon seeds In heavy dosage followed In 10 to 15 days oy 
surgical excision 

0 Surgical excision followed by radon seed Implantation for an irremovable 
residuum 


outlying clinically uninvolved areas and administering local radiation 
treatment to such outlying areas only if they later become involved 
3 If the treatment is to be neck dissection, the extent of this pro- 
cedure is determined mainly by the anatomic form of the disease Since 
neck dissection can be performed only once in a given area, it must 
therefore be complete within a given zone 

Tlie methods available for the treatment of cervical nietastabcs at 
the Alemorial Hospital are outlined in table 5 in the order of their 
iii>efulness of application 

Protracted Extunal hiadiatwn Folloiecd hv Implantation of Radon 
Seid^ (Method 1) — This method is probabh the most UbetuI and the 
niubt generalh applicable to cer\ical nutastases from the \arious ana- 
toinie \aneties of mtraoral eancer In tjeiieral the purpose of this 
method ib to confine the radi Uion to the immediate MCinit\ oi the node 
m order to conber\e as much as iH)sbiI)Ie the mtegnt\ ot the adjaeciit 
Uimoi hed and the generd tolerance ol the patient External and inter 



924 


ARCHIVES or SURGERY 


stitial radiation are combined so as to derive the greatest possible benefit 
from a cumulation of their desirable eftects Their respective undesir- 
able effects differ somewhat and are therefore not cumulative to the 
same degree The mam disadvantage of the method is that it is time 
consuming (three to four weeks) and, therefore, one of the simpler and 
less time-consuming methods ma} occasionally be preferable Aspiration 
biops} of the enlarged node should always be performed for purposes 
of record 

To localize the external irradiation, small circular portals (3 to a 
cm in diameter) are applied to each separate node, and depending on 
the size of the portal a total of 4,000 to 8,000 r or even more is giAOi 
by daily divided doses over a period of t\\ o to three weeks Iminediateh 
on the completion of this external dose, radon seeds in a tissue dose ol a 
to 10 skin erythema doses (table 4) are implanted either through punc 
ture wounds in the skin or after surgical exposure of the outer surface 



of the node, in which case the cutaneous reaction to the roents 
IS anticipated by performing the surgical exposure after about 
of irradiation If the tissues are handled gently, an ^ exposua 
cutaneous surface may be painted with iodine and incise [li 

of the node, with prompt healing of the wound \Vith pre-ti'i’ 

surgical handling of irradiated tissues, either early or 
only moderate difficulty to tl'‘- 

This conservative method of treatment, when app le it- 

immediate area of the clinically cancerous node, frii' 

repetition m other areas should they be subsecpientl) tolcrat*-*^ " 

ment of the necessary cancer-lethal intensity would ta i 

applied diffusely throughout the entire cervical region u i 
might subsequently appear 

Radical Neck Dissection (Method 2 ) — The ^^ill 

dissection have already been discussed in some detai 
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repeated at this point, except to say that m cases of cancer of the tongue 
this procedure will be most useful if limited to those cases which conform 
to the following conditions 

1 Metastatic cancer should be palpably demonstrable in the neck 

2 The primary lesion should be healed and show no recurrence 

3 The primary lesion should neither have involved nor crossed the 
midline 

4 The metastases should be operable from the standpoint of their 
location and their mobility m the tumor bed 

5 The metastases should be unilateral and on the same side as the 
primary lesion 

6 The patient's general condition should be such as to withstand 
operation 

The foregoing conditions under which neck dissection is permissible 
may seem rather rigid However, it will be found, we believe, that few 
permanent cures of metastatic cancer of the tongue will be accomplished 
by neck dissection m cases which do not conform to the aforementioned 
conditions If the case does not so conform, we believe that radiation 
methods offer a much greater chance of cure 

We favor local rather than general anesthesia m all cases of neck 
dissection, even though the patient may insist on general anesthesia 
The highest mortality due to neck dissections (11 per cent) is reported 
from those clinics where general anesthesia is used as a routine procedure 

As compared to some other forms of intraoral cancer, the area of 
neck dissection for cancer of the tongue must be much more extensive 
The operative area must extend from the midhne of the neck (or 
be)ond) to the anterior border of the trapezius muscle — from the inferior 
edge, of the mandible and mastoid process to the clavicle 

The most useful t}pes of incision, in our experience, are those 
illustrated in figure 14 Superficial!} , the plane of dissection should 
lie on the inner surface of the pht\sma nnoides muscle and at about 
the same depth in the subcutaneous fat be\oiid the borders of this muscle 
111 supeificial dissection the renio\al of the plat\sina nnoides muscle 
probabh does not inciease the chance of cure since the presence ol 
metastatic cancer in the superficial iMiiphatics occurs onh I)\ a retro- 
Urule spread relatneh late when the disease ipso facto i^ ineurable 1)\ 
operation 

111 the course of the dissection all hmph node'-bearini^ tissue between 
the pliUMin nnoides muscle and the deep muscles is remo\ed nieludnu 
die jugular \ein the sternonnstoid uul omolnoid muscles and the 
''Ubnuxillarx s.ib\ar\ ^dand \o attempt is mule to nol Ue the ele\enth 
'-rimd ner\e which is saenheed 1 he tip ol llie ]Mrotid dn ir\ ^1 uul 
i*' cut leros^ 
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In closing the wound it should be realized that a great number of 
l3aiiphatics have been severed and that there will be protuse serotb 
dischaige for the first few days Therefore, several soft rubber tube 
drains should be inserted 

Implantation of Radon Seeds Alone (Method 3) — This method of 
treatment may occasionally be indicated for isolated outlying small 
nodes or small nodes recurring after an} form of treatment In general 
this method should be reserved for the smaller masses m which a heav} 



tissue dose may safely be given in a small volume by ^ 

of radon seeds The seeds may be inserted either j^ode 

after surgical exposure The dose depends on the size o ^ 

should be selected so as to deliver at least 10 skin 

(table 4) or more throughout the mass The proper ^ jo]I,v •'1 

ment of the seeds is important, and the same rules s ou 

as are described for the treatment of the primary lesion 

E iternal Irradiation Alone (Method 4) -This tr-' 

cient for metastases from the more anaplastic and ip 
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growths at the base of the tongue It often happens that a metastasis in 
the upper deep cervical chain will he directly superimposed over a 
primary lesion at the base of the tongue Since treatment m such cases 
IS always given first and mainly by external irradiation, the node will 
occasionally regress promptly and completely at the same time as the 
primary lesion under external irradiation alone, so that at the end of 
three to four weeks all evidence of the disease disappears In these 
cases, one may occasionally feel justified in giving no other treatment 
However, if the node regresses more slowly than the primarv^ lesion 
or is palpable at the completion of the external irradiation, it is far safer 
to implant a supplementary dose of seeds, as in method 1 

Variations in Procedure — Surgical and radiologic procedures may 
be combined in several ways for cervical metastatic cancer, but we lack 
space to discuss them in detail here 

COMPLICATIONS 

The complications following surgical procedures are apt to be acute 
and severe but of short duration, those following radiation treatment 
tend to be of lesser degree (at least in the beginning) but of longer 
duration 

Pam — The radiation reaction usually causes no particular discom- 
fort when the tongue is at rest, but there is pain on movement, so that 
the patient tries to avoid any motion of the tongue, such as that neces- 
Siiry 111 the act of swallowing A temporary increase in the salivary 
secretions and the seromucoid excretions from the tissues iniohed by 
the radiation reaction results in distressing salivation For this com- 
plication, nothing gives greater relief than frequent mouth washes with 
compound solution of sodium borate ( Dobell's solution) or copious 
irrigations of the mouth with a mild solution of sodium bicarbonate and 
saline solution If a lesion with deep ulceration or radionecrosis is 
limited to one nerve distribution, such as the anterior third of the tongue 
and the adjacent floor of the mouth on one side onl), neurolysis ot the 
third division of the fifth cranial nerve by injection of alcohol ma\ be 
indicated 

Since pain in cancer of the tongue is a s}mptom which will i>ersist 
over a period of several wrecks morphine is not suitable except w hen the 
prognosis is hopeless and the period of life expcctanc\ docs not exceed 
ibout two months It the life expectanc\ exceeds this period to am 
great extent, one must take into account such factors as the increasing 
doses necessitated b} addiction the eost and the possible difticult\ in 
obt lining and administering large quantities oi the drug \ lorm oi 
niedieation which we ha\c found to be ot most ‘^erMce is 10 griius 
(0(>S Gm ) ot acct\ Isalic\lic acid comliined with li gram r00> Gin ) 
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of codeine, which the patient takes himself at six hour inten'als, with 
the admonition that he is to use as little as possible 

N^coosis — This complication, while frequent in all bulky irradiated 
surface cancers, is occasionally seen in the untreated advanced cancer 
of the tongue It may also occur m early stages of the disease as a 
complication following irradiation, but is not due to the letlial effects 
of radiation alone Unless intection is introduced, a completely devital 
ized area of cancer, deeply seated, will usually either ,be entireh 
eradicated by^ absorption or eventually resolve into a nonvascular calcihed 
mass However, it infection enters, the phenomenon known as radio 
necrosis accompanied by sloughing of the tissues invariably results For 
all practical purposes, radionecrosis does not occur in the absence ol 
infection 


Once initiated, the subsecjuent extent of this complication is deter 
mined by the intensity and extent of the tissue dose of radiation There 
fore, in order to localize the possible radionecrosis as well as other 
untoward effects of radiation a great deal of attention should be gne" 
to the principle of the most efficient manner of irradiation, includiiist^ 
geometric placement of the sources of interstitial radiation and t e u 


Radio- 


of the smallest possible skin portals for external irradiation 
necrosis of limited extent may often be dealt with by local 
measures, such as mouth washes, irrigations, sprays and tie 
removal of slough, but in the case of persistent or widesprea 
ment convalescence is shortened by partial glossectomy, in "Jj-fouiid 
removes the devitalized area with fair margins of viable tissue siir 


mg It 


Hemorrhage — This complication seldom occurs except in ass^ 
with radionecrosis, although it may be caused from actual erosi 
tumor without necrosis Although hemorrhage is by no 
fatal, in over 10 per cent of our unsuccessfully treated 
was due to this cause The blood supply of the tongue is ni^^^^ 
the lingual artery, whose branches anastomose to some e 
base of the tongue and in the tonsillar region with ran^ tong’"- 
superior thyroid and facial arteries The lingual artery ente ^ 
medial to the hypoglossus muscle and runs forward *^^^P laiui” 

surface of the tongue as the linguae profunda artery Peiiiorrl’*'*" 

branch uhich is usually responsible for the most tlif’^'”''’' 

in cancer of the tongue The dorsal lingual branch ^roi' ' 

the lingual substance to supply the base of the oppo^ astoinus’'' ^ 
the toramen caecum With the exception of this I-' 

one at the tip of the tongue, the two lingual jx.m ' 

am marked communication across the midline of 
practical ^alue m the control of hemorrhage In surgi 
radionecrosis, it will be found that severe or dangerous 
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clom occurs except from erosion of the linguae profunda artery Hemor- 
rhage from the base of the tongue is seldom profuse except when the 
erosion is deep enough to involve the mam branch of the lingual or 
the facial artery The lack of any elaborate anastomosis across the 
midline makes it unnecessary to ligate the arteries of both sides except 
when the necrosis or the operative procedure extends well across the 
midline 

Hemorrhage from an eroded lingual artery may be profuse, and death 
may occur from exsanguination within a few minutes In the average 
case, however, the first hemorrhage is not apt to be fatal In radio- 
necrosis of the floor of the mouth, the spurting end of the vessel is not 
easily grasped directly, and tamponage is much more effective A folded 
piece of gauze is pressed into the floor of the mouth and held bv the 
finger Immediate steps must be taken to clear the pharynx of blood, 
which may otherwise be aspirated and result in pulmonary complications 



r ig 15 — In hemorrhage from the tongue or the floor of the moutli, the hngual 
artery and usually the facial and external carotid arteries may be coinenicntl> 
exposed and ligated by an incision along the upper anterior border of the sterno 
mastoid muscle It is advisable to cut the lingual artery between ligature:, in all 
cases The likelihood of recanalization is also reduced if ligatures ot fine steel 
wire arc used 

In all hcinorrhages from cancer ot the tongue, prompt ligation ot tlie 
Msiiclb of the neck n, indicated 

lichuic of Aitcnal Ligation for FIcuiorrJuuji fioni tiu Toiigut — 
Ihe blood supply of the anterior portion of the tongue is derned trom 
the lingual arter\ , with the addition of the tonsillar br inch ol the lacial 
nier\ (external ma\illar\ ) which in part supplies the base It is iisualK 
reeoiuineiuled in surgical texts that all ot these \es',els he appn>aehe<I 
h^ u\ lueision through the siibniaxill ir\ tn ingle but we l)ehe\e tint 
the\ ire best exposed tor hgatiini at the hiturc iiion ot the ccjininnn e irotid 
triers whieh lies under the interior edge of the sternonnstmd nui-ele 
t httle below the le\el ol the angle ot the j iw Ihe litter appro leh 
*>nes the most direet leee'^s to the^'e ''e\eral hnneheN i*, well i> to the 
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external carotid artery itself, which should often also be ligated We 
have described the technic of this operation in detail elsewhere Should 
the hemorrhage originate from a centrally situated lesion, bilateral liga- 
tions may be performed, with an interval of five to ten days between 
operations if possible The elaborate anastomosis of the terminal and 
deep branches ot the thyioid plexus are such that no fear need be 
entei tamed for the vascular nutrition of the stiuctures of the oral caun 
or phar} nx after these bilateral ligations of the external carotid arteiy 


Sepsis — This complication is inevitable in some degree in practicaih 
all cases of mtraoral cancer under any method of treatment Its signih 
cance m the early attempts at resection ot the tongue was discussed at 
great length by Buthn, especially in the first edition of his “Diseases ot 
the Tongue ” The most useful measures for combatmg sepsis lia\e 


alread} been described under the hygienic care of the mouth 

Piihnonmy Complications — In the presence of advanced and coinpli 
cated oral cancer, when the hypopharynx is examined with a mirror, 
a quantity of fluid, consisting of saliva, mucus and pus, will usuall} £ 
found filling the piriform sinuses Since swallowing is painful, the e 
accumulated fluids tend to spill over into the larynx through the interan 
tenoid space and to be aspired into the trachea Bronchopneumonia 
(and, occasionally, pulmonary abscess) may result the most 
mentioned cause of death from the surgically treated lesions 
incidence of these, as well as of most other comphcations, may be £, 
reduced by careful attention to the details of nursing care, espe 


with reference to oral hygiene 

Osteomyelitis — With all forms of mtraoral cancer treated by 
doses of roentgen therapy, osteomyelitis is an occasional ^ 
and its inception depends largely on the diffuse irradiation o 
after which any exposure of its surface, either by necrosis o ^ 
lying tissues or by extraction of teeth, is apt to be foUowe ^ 
of the bone Watson and Scarborough,^® of our clinic, 
this complication in more detail in relation to mtraoral cance 
my^elitis developed m about 10 per cent of patients m our s^^^^ 
lingual cancer If not exposed to infection from the oi 
avascular bone may remain and function without incident 
manner as a dead bone graft or an ivory peg However, t 
bone will behave as will any foreign body if infection is^^ 
that is, an abscess is formed m this area and healing 


after sequestration and extrusion of the avascular bone nU 

There are several ways m which the mcidence of 
be reduced The first is by the use of peroral porta s, ® 
which we ha\e already described, to a\oid diffuse and unnece=- ^ j 

29 W 'atson, W L , and Scarborough, J E Osteoradionecro=u <n 


Cancer, Am J Roentgenol 40 524, 1938 
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ation of the jaws The second method is to avoid as much as possible 
the extraction of teeth at any time before, during or after local irradi- 
ation The third is to make the interstitial doses as small and as effective 
as possible With the firm conviction that the extraction of teeth is apt 
to be followed by serious complications in these cases, we use every rea- 
sonable alternative such as cutting off teeth at the gum level, killing 
the nerves and filling the root canals 

Once established, radio-osteomyelitis of the jaw should be treated 
conservatively, at least until the probable extent of the sequestration can 
be determined The complication is less serious in the upper jaw than 
in the lower In the latter, the arterial supply is from an end artei*}'’ 
(inferior dental), and little assistance can be expected from anastomosis 
In the upper jaw osteomyelitis tends to localize rather quickly , m the 
lower jaw it tends to be progressive Partial resection of the mandible 
may be necessary in cases of aggravated lesions 

Edema oj the Hypopharynx and of the Glottis — When in the late 
stages of lingual cancer a lesion at the base accompanied by widespread 
cervical metastases has been heavily treated with roentgen radiation 
through large portals, edema of the epiglottis and of the arytenoids fre- 
quently occurs, with concurrent dyspnea and dysphagia The dysphagia 
may require the insertion of a nasal feeding catheter The dyspnea 
may necessitate a tracheotomy, and in such a case, the incision should 
be as short and placed as low as possible 

PROGNOSIS 

Except in the earliest stages, in which the tumor is small and situated 
on the edge of the anterior half of the tongue, the prognosis of cancer 
of the tongue is bad, and the only opportunit)' for cure lies in treat- 
ment by those especially trained In the fatal cases in our bcnes, the 
average duration of life from the firbt symptom to death was twelve 
months Excluding immediate postoperati\e deaths, the duration varied 
between two months and seven }ears Of all the unsuccessfully treated 
patients, 60 per cent died within one \ear alter the beginning of treat- 
ment 

It wall be noted m table 6 that the prognosis is be^t (47 per cent) 
under the age of 40 and that the cure rate progressi\el} falls with 
id\ancing age to the poorest (19 per cent) o\er the age of 60 It 
should be realized, howe\er, that oui senes does not necessanh repre 
sent the natural course ol the disease but rather the clinical course under 
aggiessuc treatment 

5*1 1 —Our ligures mdieale that the chance ol eiire ol cancer ol the 
tongue m the lennlc is almoisl 30 jxr cent better than in the in ilc 1 he 
mlhteuce ol sex on the prognosis ot phar\ngcal canecr tre Ued b\ irridi 
ilion his alread\ been noted h\ other oh^er\ers We l)elie\e tint tlii^ 
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cxtcinal caiotul aitnv ilbeh, which should often also be ligated We 
ha\e (lesciihed the technic of this opeiation in detail elsewhere Should 
the hemorrhage oiiginate fiom a centrally situated lesion, bilateral liga- 
tioiib ma\ be peilornied, with an interval of hve to ten days betiveen 
oixnations if possible The elaboiate anastomosis of the terminal and 
deep blanches of the thyuoid i)le\us are such that no fear need be 
entei lamed for the Aascular nutiition of the stiuctures of the oral cant)' 
oi phaiynx aftei these bilateral ligations of the external carotid arter)' 
Si psti — I his complication is inevitable in some degree in practicalli 
all cases ot intraoial cancer under any method ot treatment Its signifi- 
cance in the eaily^ attempts at resection ot the tongue was discussed at 
gicat length by Buthn, especially in the first edition of his “Diseases ot 
the 1 ongue " 1 he most useful measures for combating sepsis Iia\e 

already been described under the hy'gienic care of the mouth 

Pulinoiiai y Coiuplicatiom — In the presence of advanced and coinph 


Gated 01 al cancer, w hen the hy'popharymx is examined with a mirror, 
a cjuantit}' of fluid, consisting of saliva, mucus and pus, will usually be 
found filling the piriform sinuses Since swmllowung is painful, tliese 
accumulated fluids tend to spill over into the lary nx through the iiiterao 
tenoid space and to be aspired into the trachea Bronchopneumonia 
(and, occasionally, pulmonary abscess) may' result — the most frequeiitb 
mentioned cause ot death trom the surgically^ treated lesions 
incidence of these, as well as of most other complications, may be ^ 
reduced by careful attention to the details of nursing care, especia v 
with reterence to oral hygiene 

Osteomyelitis — With all forms of intraoial cancer treated by massif 
doses of roentgen therapy^, osteontyehtis is an occasional 
and its inception depends largely on the diftuse irradiation of the 
after w^hich any exposure of its surface, either by necrosis of 
lying tissues or by extraction of teeth, is apt to be followed by i 
of the bone Watson and Scarborough,-® of our clinic, have 
this complication in more detail in relation to intraoral cancer 
myelitis developed in about 10 per cent of patients in our series 
lingual cancer If not exposed to infection from the 
avascular bone may remain and function without incident 
manner as a dead bone graft or an ivory peg However, ^jj-oduceT 
bone will behave as will any foreign body if infection is 
that IS, an abscess is formed in this area and healing wil ta 
after sequestration and extrusion of tlie avascular bone 

There are several ways in which the incidence of tho’*^ 

be reduced The first is by the use of peroral port s, 
which \ve have already described, to avoid diftuse and unnec ^ 

29 Watson, W L , and Scarborough, J E Osteoradionecr 
Cancer, Am J Roentgenol 40 524, 1938 
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ation of the jaws The second method is to avoid as much as possible 
the extraction of teeth at any time before, during or after local irradi- 
ation The third is to make the interstitial doses as small and as effective 
as possible With the firm conviction that the extraction of teeth is apt 
to be followed by serious complications in these cases, we use every rea- 
sonable alternative such as cutting off teeth at the gum level, killing 
the nerves and filling the root canals 

Once established, radio-osteomyelitis of the jaw should be treated 
conservatively, at least until the probable extent of the sequestration can 
be determined The complication is less serious in the upper jaw than 
in the lower In the latter, the arterial supply is from an end artery 
(inferior dental), and little assistance can be expected from anastomosis 
In the upper jaw osteomyelitis tends to localize rather quickly, m the 
lower jaw it tends to be progressive Partial resection of the mandible 
may be necessary m cases of aggravated lesions 

Edema of the Hypopharynx and of the Glottis — When in the late 
stages of hngual cancer a lesion at the base accompanied by widespread 
cervical metastases has been heavily treated with roentgen radiation 
through large portals, edema of the epiglottis and of the arytenoids fre- 
quently occurs, with concurrent dyspnea and dysphagia The dysphagia 
may require the insertion of a nasal feeding catheter The dyspnea 
may necessitate a tracheotomy, and in such a case, the incision should 
be as short and placed as low as possible 

PROGNOSIS 

Except in the earliest stages, in which the tumor is small and situated 
on the edge of the anterior half of the tongue, the prognosis of cancer 
of the tongue is bad, and the only opportunity for cure lies in treat- 
ment by those especially trained In the fatal cases m our senes, the 
average duration of life from the first symptom to death was twelve 
months Excluding immediate postoperative deaths, the duration varied 
between two months and seven years Of all the unsuccessfully treated 
patients, 60 per cent died within one >ear after the beginning of treat- 
ment 

It will be noted m table 6 that the prognosis is bebt (47 per cent) 
under the age of 40 and that the cure rate progressnely falls with 
ad\ancmg age to the poorest (19 per cent) o\er the age of 60 It 
should be realized, howe\er, that our series docs not necessarily repre- 
sent the natural course of the disease but rather the clinical course under 
'^Sgiessi\c treatment 

6*1 X — Our hgures indicate that the chance of cure ot cancer ot the 
tongue in the temale is almost 30 i>er cent better than m the male The 
inlluence ot se\ on the prognosis ot pharMigeal cancer treated b\ irradi- 
lUon has alreadv been noted In other observers We believe that this 
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better pi tignoM, le due largele to the faet that cancer of any gneii histo- 

logic or aiutoiiiic lorni la generally more radiosensitive m the female 
than in tin. male 


of the Dimcusc— I n table 6 ue haxe arbitrarily classified the 
lesions into thiee gionps— operable,” ‘borderline” and “inoperable”- 
loi the purpose ot comparing onr results and prognosis with other pub- 
lished statistics In our clinic, such a classification has little infiuence 


"1 Mil b 0 I (iitois Iitjliuiutii(/ till 1 tze J t(ir Citn’ Rate in 530* Cases of Lmgiitl 
Ciujctr Obsti'7 t(l at t/u Ut ino) lal Hospital from 1927 to 1934 


Att In jears 
Below -10 
41 to oO 
ol to t>0 
0\cr oO 


lotal ^umbe^of Per Cent of 
^llmbt^of PlveXear Tire Tear 
Casts Cures Cures 

ai 15 47 

b7 2o 29 

ItO 42 

225 42 49 


St\ 


Mules 

Ftmules 


ooO 

4j7 101 

TS 23 


Stage of disease 
‘ Operable ’ 
‘Borderline' 
‘ Inoperable’ 


o30 


141 

SO 

dS 

21 

331 

23 


Metastases 

None at any time 
None on admission 
Developed after admission 
Some time during course 
Present on admission 


ooO 

191 

320 

129 

339 

210 


So 

lOS 

23 

39 

10 


io 

34 

IS 

V 

8 


Histopathologic structure 

Epidermoid carcinoma grade I 
Epidermoid carcinoma grade 11 
Epidermoid carcinoma grade III 
Adenocarcinoma 
Transitional cell carcinoma 
Lymphoepithelloma 
Not dasslfled 

Associated leukoplakia 
Associated syphilis 


71 

31S 

42 

7 

10 

3 

73 

159 

122 


33 

04 

2 

1 

3 

1 

20 

o2 

24 


46 

0 

14 

19 

33 

’7 

33 


font- tT^2 between this figure (630) and the grand total “'wL group. 

fact that in the earlier series (1027 1931) the calculations were made on the ent 
in the second series (1931 1934) the “indeterminate cases” were excluded 


in the selection of the treatment method, that is to say, the 
cancer is classified as “operable” does not signify that surgica ^ 
ment is the preferable method In any case, such a classi catio^ 
be rather arbitrary, since the opinions of individual climeians m 
considerably 

The operability in the given case must be determined n 
the anatomic features of the primary lesion but on the opera ^i^ 
cervical nodes and on the general condition of the patient ^ 
were not available, we believe that the tumors comprising 
mentioned operable group would be those selected for tin 

gical cure in the average surgical clinic Our five >ear cure 
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group treated by irradiation, surgical intervention or combinations of 
the two was 57 per cent, a figure which, so far as we have been able to 
determine, has not been equaled m any purely surgical statistics, even 
by the most caretul selection of cases 

The '‘inoperable’ group includes all tumors of the base or posterior 
third of the tongue, all lesions which deepl} invade the floor of the 
mouth and anterior tonsillar pillar and those with which it would be 
impossible to remove a margin of at least 1 to 1 5 cm of palpably unin- 
volved normal tissue Patients with surgically inoperable cervical nodes, 
bilateral nodes on the side of the neck opposite the primary lesion, would 
also be included in this class, as well as those patients whose age and 
general condition would be contraindications to operation The lesions 
which we have classified as inoperable and which make up 62 per cent 
of the total would probably not be mentioned, or at least not included 
in the calculation of end results, m any stnctl} surgical report Our 
cure rate in this advanced group was only about 7 per cent In inter- 
preting the reasons for this low cure rate, it must be considered that the 
inoperable group includes all advanced and recurrent hopeless lesions, 
none of which has been excluded for this reason alone 

The “borderline” group is made up of those tumors in which the 
findings are not definite enough to permit of classification in either the 
frankly operable or the frankly inoperable group The disposition of 
this group would depend largely on the courage and technical ability 
of the surgeon The prudent surgeon would probably consider most of 
these tumors inoperable Our cure rate m this small group, treated 
by a combination method, was 36 per cent, which is considerably better 
than the average for the whole The mean cure rate in the whole 
series is determined to a considerable extent by the low cure rate in the 
inoperable group 

In Lane-CIaypon’s - compiled tables listing the postoperative sur- 
vivals reported by various surgeons, there is included m each of the 
titles the phrase “all stages of the disease ” The fallacy of such a head- 
ing IS immediately apparent Since all of the patients were treated 
surgically, the reports obviously cannot include all stages of the disease, 
but only the operable and therefore earlv lesions 

Position oj the Groivth — The chance of cure of a tumor at the base 
of the tongue is only about one third that of a lesion in the anterior por- 
tion This relatively poor prognosis is due mainl} to the fact that cancer 
of the base of the tongue is practicall} ne\er diagnosed early Another 
factor in prognosis is a higher percentage of anaplastic and histologicall} 
malignant growths at the base of the tongue than in the anterior tAvo- 
thirds 

Little ditterence is found in the prognosis of tuinorb AariousU situ- 
ated m the anterior two thirdb ot the tongue The leabt malignant 
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vaiiet) ul lingual caiKci is that which arises directly at the tip to form 
a lungatiiig, papillaiy, only slightly infiltrating growth which tends to 
mctastasue lathei late in the course of the disease, if at all This rela 
lively good piognobis is counterbalanced by the more malignant char- 
acter of those lesions arising on the lateral edges or under surfaces of 
the anterioi thud ol the tongue Siieh growths tend to be highly nialig 
uant, to infiltrate the floor ot the mouth and to metastasize early in the 
course ot the disease Growths of the middle third (the most frequent 
site) carry about an a\crage prognosis Lesions arising on the dorsum 
are usually associated with long-standing and widespread leukoplakia, 
and, although these lesions ai e not in themselves of the most malignant 
character, they tend to be multiple oi successive, since the mucous mem 
brane ot the wdiole dorsum of the tongue has usually undergone marked 
pi ecancerous changes 


j\Ictaslascs — The significance ot this complication in the prognosis 
depends to a gieat extent on wdiether the metastatic nodes are present 
on admission (8 per cent cure rate in our series) or whether thei 
develop attei admission ( IS per cent cure rate — only a little less than 
the average for the w'hole group) As rve have previously mentioned, 
the net cure rate for the wdiole group (25 per cent) is markedly uillu 
enced by the low' cure rate (8 per cent) which is obtained in the advance 
group w'lth metastases on admission In the group in winch no metas 
tases were present (either on admission or at any time during tliecou 
of the disease), the cure rate was 45 per cent This high 
obviously due to the fact that this group was not only earlv but a s 
included the less malignant varieties of lingual cancer 

Histopathologic Striictme — Different portions of a 
may show different histologic structures For instance, we 
quently observed mtraoral cancers in which the first biopsy 
an epidermoid or squamous carcinoma grade 1 while ^ 
the same lesion or of a metastasis revealed a different histo 
that IS, squamous carcinoma grade 2 or 3 Similarly, t e 
of an untreated lesion may show a highly anaplastic sliou 

incomplete regression under heavy irradiation a second io« 

a low grade radioresistant tumor in the residuum n gene 
grade tumors follow a more benign course than o 
growths Wide departures from the expected clinic 
quently found, and too much reliance should not e 
grading m the individual case unless supported by ot 


END RESULTS tj-eatlUtU' 

A survey' of the literature for reported end comp^'''''^^ 

of cancer of the tongue reveals very few data suita 



MARTIN ET 4L—C4NCER OF TONGUE 


935 


We have found few ba^ed on unselected clinical material The most 
common fault with reported end results in cases of cancer of the tongue 
lies in the fact that the percentage of cures has been calculated only 
from lesions operated on (operable tumors) This practice began when 
surgical treatment was the one method and when the percentage of 
operable patients applying for treatment was probably even smaller than 
It IS at the present time Though permissible in the time of Butlin, this 
method is entirely inadequate today Inoperabilit} of cancer is no longer 
synonymous with incurability, and the general mortality or curability 
of cancer or of any given disease cannot be calculated from the cure 
rates obtained in minority cases 

It must be realized further that an indiscriminate collection of lingual 
cancers cannot be divided readily into two distinct clinical groups — the 
operable and the inoperable There must alwa\s be a large portion of 
borderline tumors, the exact classification of which would depend to 
a large extent on the experience and the courage of tlie individual sur- 
geon We have attempted to survey all of the literature of the past 
twenty years on cancer of the tongue in order to obtain end result data 
for comparison Practically all of the reports give the end results only 
m highly selected groups, usually consisting of patients operated on 
We have considered suitable only those reports which were made on 
groups of cases which were unselected and in which the period ot obser- 
vation of the whole group was five years or more 

The standard form used in our clinic for reporting end results is set 
down in table 7 It should be noted that all patients, in any and all 
stages of the disease, are accepted for record and are included m our 
calculations if they are able and willing to return for such treatment, 
palliation or observation as we deem advisable No patient is excluded 
because of the advanced stage of the disease Invariably a small number 
of patients (1 to 3 per cent) disappear after only one or two visits, 
possibly to take treatment elsewhere These “clinic shoppers*’ and 
patients seen only once for purposes of consultation are not included 
m our end result calculations A second t\pe of patient excluded from 
our calculations is the nonambulatory patient (also 1 to 2 per cent) uho 
is unable for one reason or another to return for treatment or palliation 

30 Blair, Brown and Byars (Our Responsibility Toward Oral Cancer \nn 
Surg 106 568, 1937), after reviewing about 400 papers on cancer of the tongue, 
reported finding not a single one which gave satisfactory data for calculation of a 
true end result figure Curiously enough, they then fell into the same error theni- 
scUes by reporting only end results in 40 cases in uhich the> had operated, 
rather than m the whole group from which the 40 cases of operable growtlis 
were selected 

31 Bcr\en2i Rou\-Berger- Welch and Nathanson 
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Seveial biOitati^ticians whom we have consulted have agreed that 
il the untiaced patients wdto arc free fiom disease constitute less tiian 
10 per cent of the total, they may fairly be classihed as indeterminate 
loi statistical purposes Untraced patients who still had cancer when 
last seen should be eounted as iailures These inconclusive cases, in whidi 
(1) the patients ha\e died of other causes without recurrence and (2) 
the jiatients ha\e been lost track of w’lthout recurrence, constitute the 
indeterminate group, which should properly be subtracted from the 
total before the net end result is calculated Any calculation made 
w'lthout this subtraction is inaccurate and does not represent what mav 
be accomplished in the treatment of a given disease 

o 

r VBLE 7 — Fill. 1 tar Fud Rtsulfs t>t Cases of Cancer of the Tongue Obseroed 
at tiu Memorial Hospital from 1927 to 1924 

This scries consists of the cases of all patients Avith histologically proved cancer 
tontue, botii carlj and ad\aiiLtd, adiuIttLd during the specified period Only thp£e patients 
^ ^'ho, for au> rtuson were unable to return for treatment, palliation and 

\ation in tho outpatient dcpartiULUt, and thoiro who were lost track of within the first laontu 
alter no more than one or two visits ( clinic shoppers’*) 


Total number of patients 
Indeterminate group 

Dead as a result of other causes and without recurrence 
Lost track of without recurrence 

Total number of indotcrmlnato results 

Determinate group Total number minus tliose of Indeterminate group 
Failures 

Dead as a result of cancer 
Lost track of with disease (probably dead) 

Living with recurrence 

Total number of failures In treatment 

Successful results Free from disease after five years or more 
Five year end results Successful results divided by determinate group ( 124 / 49 S) 

Calculated by the foregoing standards, the end results m the H 
and Neck Service at the Memorial Hospital in the treatment of cai 
of the tongue from 1927 to 1934 are given in table 7 
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SUMMARY AND 


CONCLUSIONS 

A senes of 556 consecutive unselected cases of cancer of 
have been subjected to intensive clinical analysis and report 
and present day methods of the treatment of lingual cancer are 
and a description is given of the methods now m use at the i 
Hospital The prognosis in this disease has been studied bv t le ai ^ ^ 
of five year survival rates in various selected minority groups 
five year cure rate of 25 per cent has been obtained on the groi 
whole 
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PERFORATION AS A COMPLICATION OF 
GASTRIC CARCINOxMA 


MELVIN A CASBERG, MD 
Resident in Surgerj, City Hospital 
ST LOUIS 

Perusal of the medical literature impresses one with the infrequency 
of references to perforation as a complication of gastric carcinoma 
However, admission to the hospital of 2 patients with acute gastric 
perforation within one week was considered to be of sufficient interest 
to warrant presentation of the cases, with a review of those observed m 
the St Louis City Hospital during the past ten >ears Perforated peptic 
ulcers of the stomach present a more familiar surgical emergency, 
occurring m approximately 15 per cent of cases Preoperatively, differ- 
entiation between the types of perforation may be difficult if not 
impossible, because little if any time is afforded the various differential 
procedures, such as analysis of the gastric contents and complete 
roentgen studies 

The most comprehensive of the reports in the recent literature is 
that of McNealy and Hedin,= who reviewed 133 cases of perforation 
of gastric carcinoma The incidence of perforation in this series was 
4 per cent They classified the lesions mto the classic and the obscure 
type, the former presenting the classic symptoms of sudden onset of pain 
and abdominal rigidity and the latter being more benign m its course, 
with no evidence of generalized peritonitis Numerically the hvo groups 
were about equal 

Other reviews are those of Aird," Allen ^ and Friedenwald and 
McGlannon” Aird summarized the literature, presented a case from 
his own practice, 7 cases from the Royal Infirmary of Edinburgh, Scot- 
land, and 71 cases from the literature and then concluded that either 

1 Da Costa, J C Modern Surgery, ed 10, Philadelphia, W B Saunders 
Company, 1931, p 885 

2 McNealy, R W , and Hedin, R F Perforation in Gastric Carcinoma, 
Surg, Gynec & Obst 67 818, 1938 

3 Aird, I PerforaUon of Carcinoma of the Stomach into the General Peri- 
toneal Cavity, Bnt J Surg 22 545, 1935 

4 Allen, A W Carcinoma of the Stomach with Perforation and Metastasis 
to tlie Liver, Regional Lymph Nodes and Pelvis, New England J Med 214 647 
1936 

5 Friedenwald, J, and McGlannon A Perforation in Carcinoma of the 
Stomach, Am J M Sc 157 1, 1919 
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the eomplication ib niobt uiKoinmon or it is improperly diagnosed He 
divided the 79 lesions into four clinical types, the first two of which 
represent two thirds of the repoited lesions and correspond with the 
classic type of iMcNealy and Hedin 

Dining the ten year period 1930 to 1939 inclusive, 247 patients witli 
gastric carcinoma were admitted to the St Louis City Hospital This 
is probably a conservative estimate, for only those whose lesions were 
diagnosed by physical plus roentgen examination and treated by opera- 
tion, with biopsy or autopsy, were included A history and physical 
examination alone, however suggestive, were not considered to be suffi- 
cient evidence for a positive diagnosis In this series there were 7 cases 
of acute perforation with the typical picture of acute peritonitis, proved 
by operation with biopsy and/or autopsy Obscure cases of chronic or 
localized perforation were not included because of the difficulty o 
classification due to the wide variations m symptoms and findings This 
means that acute perforation was eiicounteied as a complication in - 


per cent of cases of gastric carcinoma 

The average age of the patients m the entire series was 63 
whereas the average age of those whose lesions perforated was 
years Of the total number of patients admitted, 200 were men ai^^ 
47 were women, a ratio of 4 to 1 All of the perforations occ 


m men 


The history and physical findings were typical with all 
which were complicated by perforation — pain, commencing as a 
epigastric crisis and later spreading over the entire abdom^ Poent- 
rise to exquisite tenderness, and the classic boardlike rigi 
genograms taken m 4 cases revealed the presence of free air 
diaphragmatic leaflets in 2 Simple closure of the the 

was undertaken m 5 patients and only 1 of these ive 
hospital 

report of cases 23, 

Case 1 — E L , a 67 year old white man, entered the City about 

1939, complaining of severe epigastric pam which had shortly 

nine hours prior to hospitalization The pam, which ha hed 

the evening meal, was so severe that the patient had to be unibjhnr» 

pam did not radiate but remained m the epigastnum an a 
There were no pains m the shoulders or in the scapulas m the \onutu> 

times but noticed no bright red blood or “coffee ground f5ve ^lond^ » 

There was elicited a history of indigestion during the period 

with a loss of 20 pounds (9 1 Kg ) m weight during ^ comnU 

indigestion was described as a “stuffy” sensation m the epig^ or 

shortly after meals and relieved by baking soda There 
Up to five months previously the patient had been entire \ 
referable to the gastrointestinal system 
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Examination re\calcd the patient to be ratlur ‘blonder somewhat emaciated 
and pale. He appeared to be in moderate sIiolW 1 he temperature was 101 6 F , 
the pulse rate, 116, the respiratory rate, 32, and the blood pressure, 115 systolic 
and 68 diastolic The abdomen was boardhke in its nc^idity and did not move 
with respiration There was rebound tenderness over the entire abdomen, most 
marked just superior to the umbilicus It was impossible to palpate the intra- 



Fig 1 —Biopsy specimen taken from the border of the gastric perforation, rc\eal- 
mg bundles of muscle tissue between which are seen islands of infiltrating cells This 
cellular element is made up for the most part by lymphocytes, but among these are 
included nests of polyhedral epithelial cells The nuclei of the latter cells are 
round, and the cytoplasm is quite clear No attempt at differentiation i:s obser\ed 
(Dr S H Gray, pathologist) 


abdominal Mscera because of the rigidity Percussion failed to rc^eal hepatic 
tympany, and on auscultation there was no e\ndence ot peristalsis The heart 
and lungs were essentially normal scapular hyperesthesia could not be elicited. 
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'v<-re as toJIows white cclk 7 f\m -the blood counts on arfmn 

icre was a trace of albumin The ir!T no sugar. 

Tl^e value for blood sugar was 86 

undred cubic centimeters A plate of the "^^rogen 23 mg per 

le pr^ence of free air under the left dianl Pahent sitUng re\ealed 

A diagnosis of generah^erl 1 ! ^'^P'^^^S'natic leaflet 

an.! after adequate parenteral Itjdrrortlfe”' ? “ 

laparotomy The abdomen was on! a I ‘ ‘o m esploraton' 

r«ns n,nsele-spl„t,„s mcts.on Abon, : 000 ee'’'''’'rf f”®" “ 

the general peritoneal cavitv e^ fr. ri ' , cloudy fluid was found free 

no fecal odor to this fluid, and a cult."^'"^ 

omentum covered part of the anten reported as stenie The greater 

of fibrmoplastic e,\udate had mil T stomach, and a large amount 

H’ass about 11 cm m dL L, ,n . 1 f A hard, ivoad> 

3nd a part of the anterior surfa ™ ^ ^ greater portion of the lesser curvature 

through the anterior o-astrir stomach A perforation was obsened 

angulans Numerous harH yi,c! ^ curvature, near the inasura 

other metastasis could be d ^ Pi'eaortic lymph nodes were palpated, but no 
border of the gastric mass ^ biopsy specimen was removed from the 

of the perforation by no ^ ^^stric necrosis and induration prohibited closure 
sutured over the perforat sutures, so a patch of greater omentum w^s 

closed in layers, with peritoneal fluid aspirated and the abdomen 

a continuous Wangen ^ dram to the involved area Postoperatively 

were administered par suction apparatus was set up, and adequate fluids 

and he died on the f ^ patient's course became progressively worse, 

for a postmortem Postoperative day Despite strenuous efforts, permission 

specimen taken at was refused Microscopic section of the biops} 

2 p confirmed the gross diagnosis of carcinoma (fig 1) 

on Sept 3, 1939 * ^ white man, was admitted to the City Hospital 

nausea and vomitin^^^ severe pain in the upper part of the abdomen, 

shortly after the ^ onset occurred about ten hours prior to entry and 

described as a sudden and knifelike and was 

no pains m the cK ^ which “doubled up" the patient There were 

noted in the vom t fresh blood or “coffee ground" matenal u^> 

f>cen bothererl K ^ T 1 t riever experienced pam ot this type before but had 

mlments he atte h ^ ^ ^ mdigestion for five months Because of thecae 

foods and some " ^ olimc in this city and was given frequent feedings of blan 
period The nof roentgenograms were taken during this five mon 1 

physical exam^i^^t weight, but this was not borne out 

acute distrec him to be slender and emaciated He was obviously 1^ 

were held o moamng rather loudly Botli ban 5 

Dalnatmn ^ iJPper part of the abdomen, and the examiner's attempts at 

70 vigorously The blood pressure was 100 sy^tohe ard 

rate was 24 ^ ^^^^Bcrature vv^as 98 8 F , the pulse rate was 80, and tlie respirators 
scanular rf^o-tn *<^rax was essentially normal, and no hyperestlieaia ot t ^ 

sohntM H ttoted The abdomen was boardhke in its rigidity an 

pinted during respiration The point of maximum tenderness lav over 
P g s num, though there w'as a rather diffuse abdominal rebound tenderre- 
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Auscultation re\calcd no peristalsis, and owing to the abdominal rigidity no mtra- 
abdominal viscera could be palpated Rectal examination revealed tenderness high 
m tlie anterior region above the prostate The 1 iborator} data were as follows 
The urine showed no sugar, albumin or acetone the white cell count was 19,900 
and the red cell count 4,250,000 per cubic millimeter of blood, the Kahn test 
gave a negative reaction, the value for blood supar was 89 mg and that for 










Fig 2 — Microscopic section of a lymph node removed from tlie Iwrder of the 
greater gastric curvature, revealing sheets of invading epithe la ce s oug i 
there is not a definite tendency to differentiation, certain of the epithelial islands 
appear to be arranged in acinar form 

nonprotein nitrogen 25 mg per hundred cubic centimeters A plate of tlie abdonicn 
With the patient sitting failed to reveal the presence of free air under eitlier leaflet 
of the diaphragm ^ , 

A diagnosis of perforated peptic ulcer was made, and after Parenteral hjdration 
the patient vvas subjected to an exploratory laparotom) The abdomen u'as 
explored tlirough an upper right rectus muscle-retracting incision lerc was a 
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transverse colon uas noted Along the lessor 

inferior and anterior extent was a hard irrn i stomach m its 

diameter I„ the center of this mass was JPP''0^"iately 10 cm. m 

diameter Numerous discrete hard Tvnmr Perforation about 1 cm. m 

and the greater omentum dose to th J ^ present in both the lesser 

also palpal^a a,o„^ t p “ealf 

metastasis to tlie liver TI,^ ft, ^ S^^oss evidence ol 

flap sutured over the nerfomt. P^‘’fl°oeaI fluid was aspirated and an omental 

greater omentum for microscon ^ removed from the 

w... . ir::r:xr; ■" 

charged or^T fourteemird uneventful, and the pabent was dis 

of advanced emaciation t d ” October 13 he reentered the hospital because 

operation Permission f” ^od died four days later, stx weeks after the 

specimen was rennref.d ^ Postmortem examination was refused The biopsy 
was reported as metastatic carcinoma of a lymph node (fig 2) 


COMMENT 

average age of all patients with gastric caranonia 
IS a H f: patients with carcinoma complicated by perforation there 

int-M f ifterence, the former falling in the sixth decade and the 

incidence of perforation in this senes coni- 
and that in the much larger group reported by j\IcNeaIy 

^ e in It must be remembered that these autliors, in giving a 
wtf ti incidence, included both the classic and the obscure t}pe, 
wei e ound to be approximately equal in madence 

in th h cases are interesting because of the close siniilanty 

r .j istories, physical findings and operative descriptions The lesioib 
^ into the classic type with typical symptoms of generalized clieniical 
P tonitis The advanced stage of gastric involvement observed at 
peration would speak for a greater duration of the malignant process 
an IS suggested by the relatively short (five month) period of symp* 
In a series of 168 cases of gastric carcinoma, Lahey' “ described 
a group of 53 lesions which were known to be m a fairly early stage, and 
ns number 32, or 60 per cent, had been produang symptoms fof 
tx months or less, while 21, or 35 per cent, had produced synipton^ 
or SIX months or over Lahey continued to state, how^ever, that exten 
sive malignant lesions of the stomach can occur w'lth relatuely k" 
symptoms 

The differentiation of this condition from perforated peptic ulct- 
presents a real problem when the patients are first seen after perforabo 

in-/ ^ ^ of the Stomach, S CJm North Amenci U lO-'*’ 

19o4 
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has occurred Known gastric malignant tumors, observed in the hospital 
or elsewhere, wuth wdiich sudden acute abdominal emergenaes develop 
lend themselves to more accurate diagnosis The differential diagnosis 
depends not so much on the physical findings as on the past history 
McNealy and Hedin concluded that a historj ot rapid loss of weight and 
indigestion occurring in a middle-aged man who has suffered little, if 
any, from previous dyspepsia, weakness and epigastric pain is given 
considerable w^eight in diagnosing malignant perforation 

Immediate exploratory laparotomy is the therapy of choice Snould 
shock complicate the picture, parenteral fluids, blood transfusions and 
other combative methods must be used in an effort to prepare the patient 
for an early operation Once the gastric lesion has been recognized and 
explored, further surgical steps must depend on the extent of the process 
and the condition of the patient Ideally, gastric malignant tumors 
should be resected, but m the great majority of cases the consensus is 
represented by the opinion of Dickinson, who stated that the primary 
operation should be limited to closure of the perforation, resection being 
reserved for a later time, when the patient is better able to withstand it 
It is interesting to note that of the lymph nodes, grossly identical as 
to palpation and color, removed from the greater curvature of the 
stomach in the second case only one showed malignant invasion on 
microscopic section The other node revealed chronic inflammatory 
changes This certainly emphasizes the importance of the site of removal 
of the biopsy specimen 

Technically, closure of a perforation due to a gastric cancer is more 
difficult than closure of one due to a peptic ulcer The former is more 
friable and indurated and does not lend itself to repair wth a purse 
string suture or to other methods used in closure of a simple peptic 
ulcer The simplest procedure is to cover the perforative site with a 
flap of greater omentum “tacked down” with interrupted absorbable 
sutures After aspiration of the spilled gastnc contents from the perito- 
neal cavity a rubber dam drain should be introduced to the region of 
the perforation with exit through a stab wound in the upper part of t le 
abdomen Drainage of the peritoneal cavity for ruptured peptic ulcers 
IS a question depending on the lapse of time since perforation, the amount 
of peritoneal soiling and the surgeon , however, in the case of gastnc 
malignant tumors which perforate, drainage is the procedure of choice 
m view of the fact that the latter cannot be closed with as much assurance 
that there will be no further leakage 

7 Dickinson. A M Perforation of Carcinoma of the Stomach, Surger^ 

5 544, 1939 
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SUMMARY AND CONCLUSIONS 

In a bcues ot 247 piovecl gastric carcinomas there were 7 com- 
plicated b} acute perforation and generalized peritonitis 

The average age of the patients in the entire group was 63 years, 
as compared with an average age of 51 years for the patients with 
perforation 

Two personal cases of perforated gastric carcinoma are presented 
in detail 

The differential diagnosis between gastric perforations due to car- 
cinomas and those due to peptic ulcers is difficult if the patient is seen 
after perforation has occurred 

The initial operation should be limited to simple closure of the gastnc 
perforation 

Biopsy specimens should be taken from all perforating gastnc ulcers 



ISCHEMIC CONTRACTURE OF THE LOWER 
EXTREMITY 


THOMAS HORWITZ, MD 

PHILADELPHIA 

The purpose of this communication is to report 2 cases of disabling 
deformities of the right lower extremity of eleven and fourteen years^ 
duration respectively, presenting the following features (1) healed 
fractures of the femur, (2) massive induration of the muscles of the 
leg and foot associated with atrophy and loss of motor power below 
the knee, (3) vascular dysfunction in the involved lower extremity, 
(4) contractural deformities of the foot and toes, (5) roentgen evidence 
of extraosseous calcification of the leg, and (6) histologic evidence (in 
1 case) of massive degeneration of muscle tissue with fibrous tissue 
replacement and extensive calcification In these cases there was a 
pathologic state in the lower extremity identical with V olkmann s 
ischemic contracture of the upper extremity 

REPORT OF CASES 

Case 1 — A white man 39 years old had sustained a fracture of the midshaft 
of the right femur eleven years previously The fracture had been reduced by 
skeletal traction through the lower end of the femur, and this had been followed 
by immobilization on a Thomas splint for six months Immediately after his 
injury he had noted swelling and ecchymosis of the right leg, pain in the right 
heel and numbness and coldness of the right foot, without disturbance m the color 
of the extremity Shortly afterward he had noted loss of motor power in the foot 
and toes, marked firmness of the muscles of the leg and deformity of the right 
foot The deformity recurred after a lengthemng of the achilles tendon two years 
later Despite prolonged physical therapy and the application of corrective shoes, 
his disability on weight bearing persisted 

ExaminaHon^Tht right lower extremity presented a mild genu varum deformity 
with ^ inch (U cm ) shortening, talipes equmocavovarus associated with multiple 
hammer toes, atrophy of the leg and foot and marked induration of all the muscles 
below the knee, especially in the extensor and peroneal compartments (fig 1) 

A scar over the right heel represented the site of a healed pressure sore Motion 
was normal in the knee but was almost entirely absent in the ankle and in the 
small joints of the right foot Sensation was unimpaired, and there were no trophic 
changes Reactions of degeneration were obtained in all the muscles below the 
knee. On the right side the femoral pulsation was easily palpable, but the pop- 
liteal, posterior tibial and dorsalis pedis pulses could not be obtained , all arterial 
pulses in the left lower extremity were normal Oscillometric readings were 
diminished in the right lower extremity, but the cutaneous temperatures of the two 
Ret were equal and normal 
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Laboiato}y Data — Blood Count The value for hemoglobin was 85 per cent 
(Dare) There were 4,900,000 red blood cells and 8,900 white blood cells per cubic 
millimeter The differential count was normal 

Urinalyses The voided specimens were consistently normal, the specific gravity 
varying between 1 009 and 1 018 

Blood Chemistry The value for calcium was 92 mg and that for phosphorus 
3 8 mg per hundred cubic centimeters The value for serum phosphatase was 49 
Bodansky units The value for nonprotem nitrogen was 29 mg , that for uric acid 
3 3 mg and that for cholesterol 167 mg per hundred cubic centimeters 
The Wassennann and Kahn reactions of tlic blood were negative 


Roentgen Data — Right Femur There was a healed fracture of the midshaft, 
with slight malumon (fig 2B) 

Right Fibula and Tibia The bony structures and their associated joints were 
normal There was extensive calcification of the soft structures on the antero 
lateral aspect, limited to approximately the middle three fifths of the leg ^ 
tending to be arranged in linear streaks lying in the longitudinal axis of the eg 


(fig 2 a) 

Right Foot The bones and their joints were normal There were equine 
and cavus deformities and multiple hammer toe contractures (fig 2C) 

Operation and Course — Subcutaneous tenotomies of the achilles tendon 
the flexor and extensor tendons of the toes, subcutaneous plantar fasaotomy ^ 
dorsal exostectomy (internal cuneiform bone) of the right foot were 
without the use of a tourniquet A biopsy was performed on the 
aspect of the leg, about 6 inches (15 cm ) below the knee. The mus 
(tibialis anticus and extensor digitorum longus) was found to ^ 
yellowish white scar tissue which sectioned with difficulty, owing to e 
of considerable quantities of calcareous material Plaster immobi iza on ^ ^^^1 
toes to the knee with the foot m corrected position was fol owe 
therapy, massage and manipulation All wounds healed by ^ j^jore 

The patient was greatly benefited by this operation but is prepare 


extensive procedure m the event of a recurrence ^ ^ 

Histologic Picture — Microscopic sections of the biopsy elastic 

were stained with hematoxylin and eosin, Van Gieson^s recog 

tissue stain In a few areas scattered bundles of muscle fi rs partial or 

mzable These had undergone granular and hyaline transicr^^ 

complete disappearance of their nuclei and loss of fibrous tbsuc 

stnations In the main, the muscle tissue was replaced y become rov'os 
containing scattered nuclei In some areas this fibrous ishnib 

culanzed Interspersed among the bundles of collagenous er poorly 

of finely granular calcific material (fig 3) In other considcral^^^ 

vascularized, cellular detail was no longer recognizable, ^ 
necrotic debris, which took the eosm stain deeply n celb ^ 

extensive areas of calcification (fig 4) There were no m 
no areas of hemorrhage A few scattered large ce or adult 

pigment There was no evidence of osteoid tissue or 

iorxmtion transverse fracture oi 

Case 2 — A white man 27 years old had sustaine of tb^ 

right femur at the juncture of the middle and lower previou^*-^ , 

overriding and displacement of the fragments, fou^ ee oi 

attempt at closed reduction followed by immobihza ion 
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Fig 1 (case 1) —Atrophy of the right leg with slight genu varum There is an 
equinovarus deformity of the foot, with multiple hammer toes The scar on the 
heel represents the site of a healed pressure sore 
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been unsuccessful Immediately thereafter the patient had experienced severe pam 
in his right leg distal to the fracture site, but he had noted no abnormal changes 
of color in the exposed toes Two weeks later an open reduction had been per- 
formed under a tourniquet, and through a lateral incision the fragments had been 
fixed in good position by means of a steel ribbon band The extremity was 
immobilized in plaster of pans During the early postoperative period the patient 
experienced exquisite pain about the site of fracture despite the external fixation, 



f muscle from tiie 

Fig 3 (case 1) — Histologic section of a biopsy specimen o ^ 
right leg (X 50) The muscle tissue is entirely replaced granular 

with scattered nuclei and occasional blood vessels An is an 
calcific material has been deposited at a 


and he noted inability to move actively the toes of the j^oted 

external fixative device was removed at the end of three he 

O o f o'f tllG leCf Temar __.A ^ 
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the leg was atrophied and the muscles of the leg 
unable to move the foot and toes and that the foot became ^ 
when pendant There gradually developed a fixed equinovaru 


cold and 
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foot with multiple hammer toe contractures, and these deformities recurred after 
subcutaneous tenotomies on two occasions Because of this deformity he had 
experienced increasing pain and disability on weight bearing 

Examination — The patient walked with a limp on the right side due to a severe 
talipes equinovarus deformity witli multiple hammer toes (fig 5) The two lower 
extremities were of equal length, and the right femur was solidly united There 
wxre considerable atrophy of the right leg and a boardlike rigidity of all the 



Fig 4— Another field from the same biopsy specimen (X SO) There is hyalme 
degeneration of muscle fibers (a), which are fragmented and which have lost 
their nuclei and striaUons In the mam, tlie muscle tissue has been replaced by 
dense fibrous tissue (6) containing few nuclear elements and some new \ascular 
channels In some areas there is CMdence of extensne necrosis (r) xMth wide- 
spread calcification {d) 

muscles below the knee The o\erbmg skin uas normal and frecK movable 
Motion in tlie knee joint was normal, but there was no active or passive moUon 
m the ankle joint or in the joints of the foot and toes The right leg and foot 
became slightlj cjanotic when the extremity was pendant, and the right toot per- 
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Fig 5 (case 2) — ^Atrophy of the right leg with an equmovanis deformity of e 
right foot and multiple hammer toe contractures The dressings overlie tivo s 
ulcers produced by abnormal pressure on weight bearing 
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d fibula 

Fig 6 (case 2) — Roentgenograms of (A) the right tibia jn 1^^^ 

extensive calcification of the soft tissues, which tends to o 
streaks in the longitudinal axis of the leg, and (B) an < 

The axis of the ankle joint is directed outward 


deformity, with varus of the anterior and posterior portions are 

tiple hammer toe contractures The fourth and fifth metatarsa 
trophied and deformed 
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spired more freely than the left, but the cutaneous temperatures and oscillometric 
readings for both lower extremities were normal The femoral, popliteal, poste- 
rior tibial and dorsalis pedis pulses were normal bilaterally There were small 
superficial ulcers in the region of the heel and beneath the head of the fifth meta- 
tarsal bone, the sites of preternatural weight bearing 

Ljjboratory Data — The pertinent \alues for the blood and for the urine were 
normal 

Roentgen Data — Lower End of Right Femur, Right Tibia and Right Fibula 
There was extensive calcification of the soft tissues in the anterior, lateral and 
posterior portions of the right leg, occupying approximately the middle three 
fifths of the leg and arranged as linear streaks lying in the longitudinal axis of 
the leg Where bony structures were not obscured b> soft tissue shadows, they 

were roentgenographically normal (fig 6 a) 

Right Foot The fourth and fifth metatarsal bones were hypertrophied and 
deformed (These bones had been the site of major weight bearing) The 
remaining bones and their joints were normal There were talipes equinovarus 
and multiple hammer toe contractures (fig 6 b) 

Operation and —Wedge resections were performed between the os calcis, 

astragalus, cuboid and navicular bones (triple fusion), and the hammer toes were 
corrected by multiple “flexor and extensor tenotomies,” without the use of a 
tourniquet A biopsy of the leg was not performed Plaster of pans tion 
trom the toes to the knee was applied for three months until bony usion was 
secured A good anatomic and functional result was obtamed 


LITERATURE 


Previous reports and references have been tabulated in the^accom 
panying table It is not unlikely that the deformity in Cravener s ^ case 
was due to marked scarring incidental to repeated operative intervention 
and infection The remarkable relief of pain and the disappearance of 
deformities of eighteen years’ duration m Dieulafe s case o owing 
periarterial sympathectomy suggest that this case may have een one 
of causalgia The cases reported by Denuce and by Riche, Aussiloux 
and Gmistie * presented atypical pictures of localized ischemic contrac- 
tures involving the hamstring muscles, with resultant exion e orrnities 
of the knee In the second case reported by Jones and Cotton no 
deformity developed, fasciotomy having been performe in t e 


1 Cravener, E K. Volkmann’s Contracture of the Leg, New York State J 

Med 32 381-382, 1932 , , , 

2 Dieulafe, R Syndrome de Volkmann du membre " 

la ligature de I’artere femorale Guer.son par sympathectom.e pen-.haque. Bull et 

mem Soc nat de chir 60 473-474, 1934 on n 7 nr lono 

3 Denuce, M Contracture ischemique. Rev dortliop 20 ^ . 

4 Riche. V , Aussiloux, J, and Gm.st.e, J Sjndrome de Volkmann du 

membre infeneur, Presse med 47 1173-1175, 193 r , t c t ♦ « 

5 Jones. S G , and Cotton, F J 1935 

Volkmann’s Contracture, J Bone &. Joint Surg 17 659 660, 1935 
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(prodromal) stage Meyerding^ referred to 3 cases in which the con- 
dition followed fractures of the tibia and fibula but offered no details 
The clinical features of the deformities of the lower extremity observed 
in my 2 cases were present, in whole or in part, in the remaining 
10 cases 

COMMENT 

Etiology — It is generally accepted that the mechanogenesis of 
ischemic contracture is dependent in whole or in part on acute venous 
obstruction This concept has been substantiated by the expenmental 
evidence of Brooks’^ and of Middleton,® ^\ho produced a condition 
resembling ischemic contracture of muscle by sudden venous obstruction 
Jepson ® and Bilrman and Sutro noted that venous stasis alone is not 
sufficient to produce such contractures permanently but that, in addition, 
proximal constriction of the soft tissues is necessary Brooks, Johnson 
and Kirtley^^ and Wilson noted the development of contractures in 
experimental animals after arterial ligation, which appeared later than 
those produced by acute venous obstruction and were attended by a less 
severe degree of inflammation Clinical reports substantiate the concept 
that arterial obstruction may produce ischemic contractures in certain 
instances (Grieg,^® case 2, Dieulafe,^ Griffiths That artenal and 
venous interruption may occur concomitantly in the acute stage was 
demonstrated at operation by Jones and Cotton ® in their second case 

The fundamental factors, therefore, are abnormal pressure conditions 
in a space containing muscles surrounded by resistant fascia and by 

6 Meyerding, H W Volkmann’s Ischemic Contracture, J A M A 94 394- 
400 (Feb 8) J930 

7 Brooks, B Pathologic Changes in Muscle as a Result of Disturbances of 
Circulation An Experimental Study of Volkmann’s Ischemic Paralysis, Arch 
Surg 5 188 216 (July) 1922 

8 Middleton, D S The Pathology of Congenital Torticollis Bnt J Surg 
18 188-204, 1930 

9 Jepson, P N Ischemic Contracture Expenmental Study, Ann Surg 

84 785-795, 1926 

10 Burman, M S , and Sutro, C J Expenmental Ischemic Contracture, 
Ann Surg 100 559, 1934 

11 Brooks, B , Johnson, G S , and Kirtle>, J A Simultaneous Vein Ligation 
An Experimental Study of the Effect of Ligation of the Concomitant Vein on the 
Incidence of Gangrene Following Arterial Obstruction, Surg Gynec Obst 59 
496-499, 1934 

12 Wilson, W C Occlusion of the Mam Artery and Mam Vein of a Limb, 
Bnt J Surg 20 393 411, 1932 

13 Grieg, D M Two Cases of Ischemic Contracture of Unusual Origin, 
Chn J 45 361-363, 1916 

14 Griffiths, D Artenal Embolism A Study of Eight Cases, Lancet 2 1339- 
1344, 1938 
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bone and drained of blood by a peculiar anatomic arrangement whidi 
favors obstruction The thm-walled veins collapse more readily than 
the heavier-walled arteries Middleton ® has discussed this mechanism 
in the upper extremity at the bend of the elbow, where a venous plexus 
with a diameter of about 2 cm , when compressed, will lead to obstruction 
of the venous drainage from the deep structures of almost the entire 
forearm The comparative mextensibihty of the aponeurotic compart- 
ments of the forearm may likewise embarrass venous return in the 
presence of hemorrhage and edema madental to fractures of the forearm 
(Garber 

The same susceptibility for venous interruption is noted in the closed 
fascial compartments of the popliteal space and of the leg After dissec- 
tion of the lower extremities of several human cadavers, I suggest the 
following sites for such susceptibility 

1 Where the popliteal vein lies posterolateral to the popliteal arter) 
within the popliteal space, m juxtaposition to the posterior surface ot 
the external femoral condyle Compression at this level would interfere 
with the venous return from all the muscles of the leg and foot 

2 Where the popliteal vein hes ventral to the soleus muscle at tlie 
latter’s origin from the prominent popliteal line This would interrupt 
the venous return from all the muscles of the leg and foot except the 
medial and lateral heads of the gastrocnemius muscle 

3 Where the anterior tibial vein or veins perforate the interosseous 
membrane and pass between the two heads of the tibialis posticus o 
between this muscle and the fibula to join the posterior tibial vein o 
veins This would interfere with venous drainage from the anter 
and lateral muscle groups of the leg 

In a review of the literature. Hill and Brooks collected 123 ca^^ 
in which ischemic contracture had developed without previous app 
tion of a constricting bandage and 26 cases m which there had 
fracture In the cases of involvement of the lower extremity co 
m this article, a constricting bandage was the most likely factor m 
and might have been an influential factor in 4 more In 3 ^ 1 ^^, 

had been severe injuries to the soft tissues of the popliteal region 
calf, in 2 without fractures and m 1 with a simple fracture o t 
end of the fibula In 7 cases there had been fractures of one 
bones of the leg, in 1 case a fracture of the femur at the junctu 
middle and lower thirds and in 1 case a fracture of the femur a 
shaft and a severe contusion to the calf 

f Fr3cturc> ^ 

15 Garber, J N Volkmann’s Contracture as a Complication o 

the Forearm and Elbow, J Bone & Joint Surg 21 154-168, 1939 ^ 

16 Hill, R L , and Brooks, B Volkmann’s Ischemic Contracture 
phiha, Ann Surg 103 444-449, 1936 
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Peripheral nerve lesions are not considered important factors m the 
causation of this condition They may complicate the clmical picture if 
the nerve has been injured at the time of initial trauma or if the nerve 
has become involved secondarily in scar tissue Sensory lesions are not 
as a rule anatomically defined and are believed to be due to arculatory 
disturbances rather than to peripheral nerve lesions 

Leriche and his followers consider injury to the sympathetic fibers 
m the arterial walls to be a greater factor than actual mechanical inter- 
ference with the blood supply of the muscles The good results reported 
by them as following penartenal sympathectomy and artenectomy are 
difficult to explain in view of present anatomic knowledge and have been 
attributed by the antagonists of this theory to the coincidental fasciotomy 
It would appear that surgical intervention on the sympathetic nervous 
system should be confined to those cases in which the condition is com- 
plicated by vasomotor instability or by causalgia 

The wisdom of fasciotomy during the acute (prodromal) stage, in 
the lower extremity as m the upper extremity, appears to be sub- 
stantiated by the recovery and the avoidance of contractural deformities 
in the case reported by Jones and Cotton ® after exposure of the popliteal 
space and evacuation of its extravascular bloody contents If the 
dreaded contracture is to be avoided, pressure must be relieved imme- 
diately, as soon as the earhest evidence of impending vascular inter- 
ference becomes recognizable 

Climcal Picture — The features of the acute stage in the lower 
extremity, as m the upper extremity, are pam, cyanosis, edema, 
paresthesias, hypesthesias, loss of motor power and trophic disturbances 
In the residual stage the muscles become rigid and contracted In the 
forearm this affects mainly the long flexor muscles of the fingers and 
thumb and the pronator muscles, and there result flexion deformities 
of the elbow, wnst and mterphalangeal joints, with extension deformities 
of the metacarpophalangeal articulations and pronation contracture of the 
forearm In the lower extremity, with involvement of the muscles below 
the knee an identical deformity is produced, with equinus at the ankle, 
cavus and varus of the foot and multiple hammer toe contractures In 
the atypical cases in which ischemic contracture is limited to the ham- 
string muscles there are flexion contractures of the knee joint In the 
stage of contracture, hypesthesia, trophic changes and evidences of 
vascular dysfunction (organic or vasomotor) may persist Peripheral 
pulsations were not obtainable distal to the groin in 3 previously reported 
cases and in my first case Intractable pain \\as a serious feature m 2 

17 Leriche, R. Retraction isolee des flechisscurs et des pronatcurs apres 
fracture sus-condyhcnne de Thumerus et rupture seche de Tartcre humerale. Arten- 
w:tomie« Guenson, Bull et mem Soc nat de chir 54 212-216, 1928 
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reported cases, leading to amputation in 1 (Riche and Ins assooates*), 
in the other it was relieved by periarterial sympathectomy (Dieulafe’) 
A defimte nerve lesion (common peroneal nerve) complicated the 
ischemic contracture in 1 case (Souques^®) 

Histologic Features — The pathologic changes in the muscle dunng 
the acute stage are edema, infiltration of the interfibrillar}^ spaces mth 
leukocytes, disappearance of the nuclei of the sarcolemma, loss of musde 
striations and granular and hyaline degeneration with atrophy and frag- 
mentation of the muscle fibers The pathologic features of the musde 
in the stage of contracture are well exemplified in a biopsy speamen 
remo\ ed by me from the forearm of an 18 year old Negro ivith an 
ischemic contracture of the forearm and hand following a crush injun 
of the elbow region two years previously Sections showed fragmenta- 
tion and atrophy of the muscle bundles, with cloudy swelling and 
hydropic degeneration The muscle nuclei stained poorly or had dis 
appeared In large areas the muscle tissue was replaced by dense, 
moderately vascular fibrous tissue m which were scattered islands of 
round cells and occasional large cells contaimng yellow pigment In 
some areas there was calcification of the vessels, with necrosis (Cal- 
cification of the soft tissues was evident on the roentgenogram ) 

Histologic sections of the muscle from the lower extremity amputated 
b} Riche, Aussiloux and Gimstie showed areas of atrophy and swelling 
ot the muscle fibers, with loss of striations and absence of inflammaton 
cells Franceschelh ( 1939 ) studied biopsy speamens from the tibialis 
anticus, triceps surae and plantar muscles of the involved leg of h’S 
patient, and these showed varying degrees of degeneration of the nius 
fibers with proliferation of the interstitial connective tissue There were 
no demonstrable changes in the achiUes tendon or in the plantar fas^a 
The features of the biopsy specimen removed in my case represente a 
very advanced stage, there were massive replacement of degenerat 
muscle fibers by relatively avascular and acellular fibrous tissue an 
areas of extensive necrosis and calcification 

Such extraosseous calcification in the forearm and leg, 
tie dystrophic form of pathologic calafication, is characterize > 
eposit of lime salts in tissue of low viabihty or in dead tissue -g. 
e\ idence indicates that this process is associated with vascular e ci 
and IS dependent on such local factors as hydrogen ion *^„g 3 

and carbon dioxide tension and that it is not related to genera 
in calcium-phosphorus metabolism, to the state or amount o 

IS Souques, A Un cas de maladie de Volkmann au membre inferieur. 
neurol 35 451-453. 1919 

__ ^^ Franceschelh, N Retrazione ischemica dell'arto mfenore, •^■'cli 
03 o4S-3o7, 1939 
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and phosphorus in the circulating blood or to dysfunction of the para- 
thyroid glands or of the kidneys (The laboratory data in my cases 
showed uniformly normal values ) 

SUMMARY AND CONCLUSIONS 

Two cases of ischemic contracture involving the lower extremity are 
reported From these cases and a review of 18 previously reported 
cases the clinical, roentgen and pathologic features of this condition are 
defined Its occurrence must be antiapated after fracture or extensive 
injury to the soft tissues without fracture in the lower extremity, espe- 
cially in the region of the knee and leg The stage of contracture and 
deformity may be avoided by fasciotomy during the acute (prodromal) 
stage Deformities of the lower extremity consequent on the contrac- 
tures may be corrected by adequate nonoperative and operative measures 



FACTOR OF BILE STASIS IN EXPERIMENTAL 
PRODUCTION OF GALLSTONES IN DOGS 

HANS G ARONSON, MD 

CHICAGO 


For the study of the origin of cholecystitis a method was devised 
which allowed introduction of material into the gallbladders of experi- 
mental animals (dogs) without causing appreciable damage to the wall 
of the gallbladder ^ This method consisted of leading a fine rubber 
catheter through an incision m the common duct into the cystic duct 
and into the gallbladder and, after withdrawal of the catheter, restoring 
a faiil} noimal flow of bile by inserting a glass cannula mto the common 
duct The animals were killed after two to five days Absence of infec- 
tion and dilatation of the biliary system was noted m a large number of 
control animals 

In order to study the effect which long-standing cannulation might 
haie on the biliary system, 3 of these dogs, together with 2 others, m 
which cholecystectomy was performed m addition to insertion of the 
cannula, were kept alive for a period ranging from sixteen months to 
two lears When the ammals were killed at the end of the observation 
period, precipitates were found m the cannula and m 1 instance m the 
gallbladder Though these precipitates could not be called stones m 
t e proper sense of the word, there was sufficient resemblance to make 
esmption and discussion of these experiments worth while 
1 umerous attempts have been made by many authors to produce 
gallstones in the experimental animal, but none has ever been entirely 
Gilbert," Gilbert and Fournier ® and Mignot ^ infected the 
t, adders of dogs, rabbits and gmnea pigs with either Bacillus 
} p osus or Bacillus coli and produced concretions , Rosenow ® obtained 
similar results, using streptococa m rabbits No description of these 
xperiments, however, is given in any of the reports Richardson and 
in^ o btained stones by injecting Bacillus typhosus directly into 
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the gallbladder of the rabbit in only 1 instance Wilkie ^ produced a 

duct and 

Darl3 R streptococci into the gallbladder Phemister, 

y astings produced calcium carbonate concretions by ligation 

bladder injection of anhemoljtic streptococci into the gall- 


The colloidal chemical theory advocated by Aschhoff, Bacmeister 
ade and many others has found even less experimental support’ 

eports on concretions produced by feeding expenments are scarce and 
inconsistent 

Foreign bodies frequently become the nuclei of precipitation in bile 
vretz » reported ''stone formation^' on thread left at operation m the 
g^bladders of rabbits and dogs This agrees with my own observation 
Whenever nonabsorbable suture material was used for closure of inci- 
sions in the gallbladder or in the common duct, the free ends of the 
sutures, which were in contact with bile, became coated with dark 
incrustations Rous and his co-workers also obtained concretions in 
dogs which were due to the action of a foreign body They found precip- 
itations resembling stones in the glass cannula inserted in the common 
duct and frequently in a long rubber tube attached to the cannula and 
leading to a collecting bag outside the abdomen Though these stones 
were never found "in the biliary system proper,’^ the study is of great 
interest, since the authors excluded certain factors, such as activity of the 
gallbladder and infection Considering the length of the tubing used, it 
seems doubtful, however, that stasis of bile was absent m their experi- 
ments The concretions were carefully analyzed, and it w^as found that 
phosphorus and cholesterol were always absent, while carbonates were 
found m some and "much calcium” and pigment in most of them The 
pigment was described as showing the features of bihrubin-calciuni as 
described by Stadeler,^^ being insoluble m ether or chloroform and 
becoming soluble m chloroform after treatment with weak acid Because 
of this solubility behavior and the presence of much calcium m the resi- 
due, the authors concluded that originally bihrubm-calcium w^as present 


I CANNULATION OF THE COMMON DUCT 
Method — Insertion of the cannula was performed as follows 
With ether anesthesia and strictly aseptic conditions, the abdomen of tlie dog 
was opened by a midline inasion, and the common duct was incised longitudinally 

7 Willae, A L BriL J Surg 15 450, 1928 

8 Phemister, D B , Day, L , and Hastings, A B Ann Surg 96 595, 1932 

9 Kretz, R, m Krehl, L, and Marchand, F Handbuch dcr allgcmcintn 
Pathologic, Leipzig, S Hirzel, 1913, vol 2, pt 2, p 493 

10 Rous, P, and McMaster, P D J Exper Med 37 II, 1923 

H Stadeler, G Ann d Chcm 132 323 1864 



962 


ARCHIVES OF SURGERY 


close to the duodenum A soft French rubber catheter was introduced into the 
gallbladder , 10 to 15 cc of bile was aspirated by means of a syringe, and an equal 
amount of physiologic solution of sodium chloride was injected into the gall- 
bladder The catheter was then withdrawn, and a glass cannula was inserted 
and tied circular into the opening which had been made in the common duct 
In some instances the gallbladder was removed after cannulation of the duct 


PROTOCOLS 


Dog 1 — A cannula was implanted in the common duct The observation 
covered fourteen months The dog remained in good condition for about ten 
months, then became jaundiced and gained weight rapidly It was electrocuted 
Postmortem Study — There was more than 5 gallons (20 liters) of watery, 
slightly bile-stained fluid in the abdomen The gallbladder and the ducts were 
dilated, and the wall was thickened , on opening there were scar formation and a 
high degree of stenosis of the common duct where it had been opened The can- 
nula was not found in the body, consequently it must have passed by the bowel 
There was a high degree of cholangitic cirrhosis of the liver 

Dog 2 — The observation covered two years The dog was in excellent condition 
throughout There was no jaundice The animal was electrocuted 

Postmortem Study — The choledochus was not stenosed The ducts and gall- 
bladder were not dilated and were free of deposits The cannula was not found 
Dog 3 — A. cannula was implanted m the common duct The observation 
covered sixteen months The dog was in good shape, without jaundice It 
electrocuted 


Postmortem Study — There was slight dilatation of the gallbladder and of tli^ 
ducts There was thickemng of the walls of the ducts, on opening there was 
some narrowmg in the common duct where the cannula had been inserted The 
cannula was not found The gallbladder contained greenish bile, with two har , 
somewhat friable concretions The larger was 8 3 mm in diameter , the sinaHer, 
2 2 mm Analysis of the concretions revealed strongly positive reactions 
cholesterol and calcium , a positive reaction for pigment , a trace of phosphoru , 
and a proportionately large amount of residue, unaccounted for 

Dog 4 — Cholecystectomy and insertion of a cannula in the common duct 
performed The observation covered nineteen months The dog was m go 
condition and not jaundiced It was killed 

Postmortem Study— Tht ducts were slightly dilated The cannula was foun 
free in the common duct, with sutures around it which had cut through the 
The cannula was covered with dark, hard incrustations on the inner an 
surfaces The lumen of the cannula was somewhat narrowed but su c 
patent to allow a fairly free flow of bile Analysis of the incrustation re\^ 
a trace ot cholesterol, calcium, 11 per cent, a trace of pigment, 
reactions for iron and phosphorus There was a large amount of blac 
unaccounted for 




Dog 5 — Cholecystectomy and insertion of a cannula m the common ^ 
periormed The obser\ation covered nineteen months The dog was 
condition and not jaundiced It was killed 
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Postmortcin Study — The observations were practically the same^ 
\nal}bis 01 incrustation re\ealed a trace of cholesterol, calcium, Oa P'-'" 
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trace of pigment, and negative reactions for iron and phosphorus There was 
a large amount of black residue, unaccounted for 

COMME^T 

One of 5 dogs in which a cannula was inserted into the common duct 
showed after sixteen months a cholangitic cirrhosis due to cicatricial 
stenosis of the common duct The 4 other dogs remained in excellent 



Fig 1 (dog 2) — The common duct was cannulated two years The cannula 
was lost The gallbladder and ducts, when opened, showed no dilataUon A, gall- 
bladder, B, site of insertion of the cannula, C, duodenum 

condition, without clinical signi> ot biliary obstruction When they were 
killed, from sixteen months to two \ears after operation, the duct system 
was found to be patent In only 1 instance were there a slightly stcnosing 
scar m the common duct and dilatation of the gallbladder (dog 3) The 
same dog also rc\ealed two small hard stones m a gros^h noninflamed 
gallbladder On chemical examination these concretions were shown 
to contain cholesterol calcium, some pigment a trace or phosphorus and 
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unaccounted for residue As gallstones have never been found to occur 
naturally in a dog’s gallbladder, it seems that these stones were artificially 
produced A likely cause for their formation is stasis It is furthermore 
of interest that the cannula was found m place only in those dogs in 
which the gallbladder had been removed The gallbladder therefore, 
acting as a “vis a tergo,” was responsible for forcing the cannula out of 
the common duct Analysis of the incrustations formed in the cannula 



Fiff 2 (dog 4) — Cholecystectomy and cannulation o£ the common duct ^ 
nineteen months were performed The cannula, covered with mcrustations, 
lifted out of the duct A, site where the gallbladder was removed, A can 
C, duodenum 


revealed in both cases small quantities of calcium and pigment ancl^a 
comparatively large amount of a residue not accounted for The o ) 
lactors in the formation of these concretions appeared to be the slo\ 
dow n of the flow of bile and the presence of the foreign body The 
cretions were somew^hat similar to stones found in the human bile 
s\stem, in that both were low in cholesterol and calcium 
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amount ot residue is also found in most human gallstones My recent 
studies seem to indicate that this residue constitutes polymerized bile 
pigment The slowing down of the flow of bile as well as the presence 
of the foreign surface appears to be responsible for the formation of 
these concretions, possibly by polymenzing the bile pigment These con- 
cretions also resemble those produced by Rous m the cannula and rubber 
tube, though less pigment could be extracted in my experiments 



Fig 3 (dog 5) — Choice) stectom> and cannulauon oi the common duct cre 
performed The period was nineteen months The cannula, co\crcd with 
incrustaUons, was lound loobC in the common ducL A, site where the gallbladder 
was removed, B, cannula C, duodenum 

II t \CTOR OF STVSIS IN PRECIPIT VTIO > OF I ILE 

In the prcMOUs stud\ I was able to show that a cannula implanted 
and retained lor a long period m the common duct oi the dog became 

12 Vronson H G \ ComiK^ncnt oi Gallito'^ca Ip oIlUc in Ordinar> Sol ent 
and -Vccounting in Part lor Their Dari Colo-ation \rch Path 30 726 (S rt ; 
19-rO 
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coated with concretions on its inner and outer surfaces In these expen- 
ments the gallbladder had been removed, and it was obvious that the 
elimination of expulsive action from the ducts produced by contraction 
of the gallbladder had played a part in the formation of these concre- 
tions 

In 1 dog t^vo small stones had formed in the gallbladder, which was 
somewhat dilated secondary to implantation of a cannula followed by 
expulsion and partial obstruction (cicatrization) of the common duct 
In order to analyze further the effect local stasis might have on pre- 
cipitation of bile, the following experiments were carried out 

Method — A glass cannula with a bulb arising from one side of its middle 
was inserted in the common duct, and the bulb was wrapped in omentum The 
size of the bulb varied from Yz inch by 3 inches (0 8 by 76 cm ) to by 
3 inches (62 by 76 cm), and the neck between the bulb and the cannula was 
Vz inch (0 8 cm ) in diameter This opening was large enough to allow free 
flow of bile from the duct into the bulb It is obvious that bile in the bulb 
would be somewhat stagnant 

PROTOCOLS 

Dog 6 — A cannula with a bulb (1J4 by 2 inches [3^ by 5 cm ]) was inserted 
The observation covered sixty days The dog was losing weight but was not 
jaimdiced It was killed 

Postmortem Study — The bulb was filled with light green bile and dark sedi- 
ment The ducts and gallbladder were dilated The ducts contained green bile, 
the gallbladder, dark brown bile No obstruction was found ui the ducts Analysis 
of bile from the gallbladder revealed a value for pigment of ISO mg and a value 
for calcium of 47 mg per hundred cubic centimeters Bile from the ducts con 
tamed 75 mg of pigment and 33 mg of calcium per hundred cubic centimeters 
Bile from the bulb contained 135 mg of pigment and 15 mg of calaum per 
hundred cubic centimeters 

Dog 7— a cannula with a bulb by 3 inches [32 by 5 cm ]) was inserted. 
The observations covered ten days The dog died 

Postmortem Study — There was peritonitis, with bile-stained fluid, there was 
no visible perforation The bulb was filled with thin green bile 
small black precipitate on the inside of the neck, where the bulb connecte wi ^ 
the cannula Chemical analysis of the precipitate revealed a negative reaction 
cholesterol, positive reacbons for pigment and calcium, and a large amoun 
black residue 

Dog 8 — A cannula with a bulb inch by 2 inches [0 8 by 5 cm ]) was^erted. 
The observation covered ten days The dog had distemper It was killed 

Postmortem Sttidy — The cannula was filled with dark bile of high 
and some evenly distributed coagulated matter There was a dark, precip ^ 
mass in the end of the bulb Chemical exammation of the precipitate s 
some pigment, calcium, 15 per cent, and a large amount of black j 

counted for Analysis of bile from the gallbladder revealed a value for 
of 125 mg and a value for calcium of 54 mg per hundred cubic centim 
Bile from the bulb contained 78 mg of pigment and 37 mg of calcium 
hundred cubic centimeters 



ARONSON--BILL STASIS AND GALLSTONES 


967 


Dog 9 — A cannula with a bulb inch by 2 inches [0 8 by S cm ]) was inserted 
The obscr\ation covered fi\e and one half months The dog was m good condition 
It was killed 

Postmortem Study — There was some dilatation of the gallbladder The 
common duct and tlic bulb were imbedded in omentum A thick fibrous capsule 
covered the glass When the common duct was opened the cannula was surrounded 
by tliickened bile The ligatures around the common duct had cut through the duct 
and were found on the cannula The gallbladder contained dark bile and numerous 
black, friable concretions, measuring 1 to 3 mm (fig 5) The cannula and the 



Fig 4 (dog 9) — Photograph, cannula with a bulb in the common duct at five 
and one ba\i months There was slight dilatation of the gallbladder and ducts A, 
gallbladder, B, bulb arising from the cannula in the common duct, C, duodenum 
Roentgenogram, same specimen A, gallbladder, B cannula, C duodenum 


bulb contained liquid bile (with increased viscosity) and some coagulated matter 
Chemical analysis of the concretions m the gallbladder showed a trace of choles- 
terol , a trace of pigment , calcium, 5 9 per cent, and a large amount of black residue, 
unaccounted for Analysis of the coagulated matter in the cannula and m the bulb 
showed cholesterol, 5 3 per cent , pigment, 0 3 per cent , calcium, 0 3 per cent 
a trace of phosphorus, and residue (by difference) 94 per cent 
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Dog 10— a cannula with a bulb U/i inch by 3 inches [0 8 by 5 cm]) \vas 
inserted The observation covered fne months The dog was in good condition 
It was killed 

Postmoi Icvt Study — The gallbladder and ducts were not dilated A fibrous 
capsule had formed around the bulb There was dark green bile with coagulated 
matter in the gallbladder 

COMMENT 

Though the flow of bile in the glass bulbs w'as slowed, the changes 
in the bile w'^ere slight and inconsistent The bile remained liquid in 
all bulbs, and in only 2 instances (dogs 8 and 9) was its viscosity 
markedly increased Precipitation had occurred in only 2 instances, once 
in the form of a dark sediment (dog 6) and once as a precipitated mass 
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Fig 5 (dog 9) — Concretions found in the gallbladder, resulting from partw 
obstruction of the common duct The cannula had been inserted in the commo 
duct for five and one-half months 


(dog 8) weighing 8 mg total This mass was low in calcium but con 
tamed a large amount of residue In dog 7 a small concretion of simi 3 
composition was found on the edge where the cannula and the b 
connect Both of these resembled the incrustations on the canni 
described in the first part of this study ^ 

Concretions in the gallbladder itself were found in 1 experiment, 
which the cannula had caused partial obstruction of the duct 
marked dilatation of the gallbladder These concretions contained coni 
paratively much calcium (5 9 per cent) and resembled the cone 
formed in the gallbladder of the dog in which stenosis of the comm 
duct had been produced by a cannula 
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SUMMARY 

In 3 dogb with a glasb cannuh insLitcd m the common duct after 
cholccybtcctomy the flow of bile rumamed fairly normal during an obser- 
vation period of from sixteen months to two years 

The cannula had worked out of the duct m 2 other cases m wdnch the 
gallbladder had not been removed 

One animal of group 2, showing slight stenosis due to scar formation 
in the common duct and dilatation of the gallbladder, revealed two small 
concretions m the gallbladder These concretions contained a fair 
amount ot calcium and cholesterol, some pigment and a large amount of 
unidentified black substance 

When cholecystectomy w^as combined wnth implantation of the can- 
nula, the cannula remained in place in the duct, and incrustations formed 
on its inner and outer surfaces, but only a small amount of obstruction 
occurred The incrustations contained little calcium, a trace of choles- 
terol and bile pigment and a large amount of unidentified black residue 
Local bile stasis and the presence of a foreign bod} seem to have played 
a part in their formation 

When bile stasis is produced by inserting a glass cannula into the 
common duct with a large diverticulum-hke attachment, the bile in this 
''diverticulum” usually remains liquid, and only occasionally are small 
precipitations found 

CONCLUSION 

While It cannot be stated that true gallstones w^ere produced by these 
expenments, deposits were obtained in the gallbladders and common 
ducts of dogs which bore some resemblance to calculi 



CAUSE OF DEVTH IN CASES OF MECHANIC^VL 
INTESTINAL OBSTRUCTION 

CONSIDER VTIOX Or CERTAIN CONFUSED ISSUES AND 
REVIEW OF RI CENT LITERATURE 
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low \ CITY 


One who studies the literature on the cause of death in cases ot 
intestinal obstruction finds confusion and conflicting opinions concerning 
many phases of the problem This fact A\as the stimulus for writing 
this paper, the purpose ot which is to consider the experimental studies 
that have been made since Cooper’s review of the subject in 1928 and 
to present the present status of knowledge concerning the problem E 
order to discuss many ot the confusing issues, some of the older uor 
w ill be considered 

In most instances of clinical obstruction and in the various t\pes oi 
experimental obstruction, death occurs before gross perforation of tie 
intestine has taken place, and under these circumstances the cause 
death cannot be satisfactorily explained by the autopsy observation 
The course has been described as that of “toxemia,” and for man} 

It was generally accepted that the cause of death from all 
obstruction was the absorption ot some toxic substance from t le 
intestinal tract However, recent studies have suggested that 
types of obstruction may cause death by different mechanisms 


SIMPLE HIGH INTESTINAL OBSTRUCTION 

After a duodenal or a high jejunal obstruction has been 
IS a symptomless period of eighteen to twenty-four 
and then the picture of the so-called “toxemia of high o s 
develops The obstruction prevents the absorption ot oo 
secretions of the upper part of the intestine, and vomiting 
The animals become greatly dehydrated and show tremors an ^ g^gj,j-L 
ot the hindlegs, the pulse becomes weak and rapid, the /(hooper) 

tails , the urine is scanty, and coma usually precedes [pi. 

The average period of survival is five days Obstru 
duodenum just below the opening of the pancreatic an ^jgatb 

ducts causes the most acute onset of symptoms and the ea 

j-aeO 

This paper was written during the tenure of a fellowship m 
Johns Hopkins University and an assistant residency m surgery 
Hospitals, Iowa CiU Dr Ferdinand C Lee has made many le 
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The periods of survival ^\lth lower obstructions are in <i j^enci d way 
proportional to their pioxiiinty to this point rius w'as established by 
Draper, and the point under discussion is often called the “lethal line ot 
Draper It has been amply confirmed (Dragstedt, Lang and .Millet, 
Dragstedt, Moorhead and Burcky) At autopsy there is “eongestion * 
of all the viscera, but congestion of the duodenal mucos^i is paiticularly 
prominent However, there are no pathologic observations that are 
sufficient in themselves to be the cause of death Definite alterations in 
the composition of the blood have been reported by man} investigators, 
and some of these are fairly constant A hdl in the concentration of 
chlorides, an increase in nonprotein nitrogen and evidence ot hemo- 
concentration are found in all cases of high obstruction (Gamble and 
Ross, Haden and Orr) There is ahva}s some degree of alkalosis with 
pyloric obstruction, and this is variable if the obstruction is below the 
pancreatic ducts (Mclver) 

Death m cases of experimental high obstruction is essentiall} due to 
loss of water and sodium chloride and the resultant deh}dration 

There is not universal acceptance of this postulate, but it is supported 
by most recent investigators, largely on the basis of three types of 
experiments 

1 The lives of dogs with high intestinal obsti uction can be prolonged 
for over three weeks by parenteral injection of sufficient amounts of 
water and sodium chloride This was first shown in 1912 by Hartwell 
and Hoguet and was substantiated by Haden and Orr, who found that 
under these conditions the blood chemistry remained essentially normal 
The loss of fluid cannot be made up by administration of water alone 
or of solutions of dextrose, sodium bicarbonate, ammonium chloride, 
calcium chloride or other ions (Foster, Gamble and Ross, Gatch, 
Trusler and Ayers, Haden and Orr) Physiologic solution of sodium 
chloride is m general most satisfactor}% and concentrated solutions of 
sodium chloride prevent a marked fall in the blood chlorides but do 
not significantly prolong survival (Gatch, Trusler and Ayers, Schnohr) 
Mechanism of Dehydration — This was carefully studied by Gamble 
and Ross, Mclver and Gamble, and Atchley and Benedict, and this 
work was summarized by Mclver in 1934 It was noted that losses 
of sodium and chlonde ions were m themselves largely responsible for 
the dehydration and alkalosis The volume of a body fluid is sustained 
by its total ionic content Quantitatively the chief factors making up 
the total ionic content of the digestive secretions, blood plasma and 
intercellular fluids are the sodium and chlonde ions Under the condi- 
tions of obstruction a marked depletion of sodium and chloride occurs, 
and thus a depletion of the total ionic content of the plasma and of the 
intercellular fluids takes place This is of necessity accompanied by a 
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ri- 

eellX boV fluids tr 

“ wed to """ expen’ltfm 

losTm the vomn, A' "T""' ^Wonde ts 

content of thp ^ definitely a lowering of the sodium 

sodium ion flie production of dehydration, loss of the 

decrease m tl significant than loss of the chloride ion The 

cuickW eo ^ of the chloride ion is 

comnor Ki ^y increase of bicarbonate ion There is no 

P a e mechanism for replacement of the sodium ion 

tinn in^ acid-base equilibrium are governed by the propor- 

'ir.d the sodium and chloride ions are lost The sum of the 

cinri plasma must be equivalent to the total of basic ions 

r accounts for over 90 per cent of the basic ions If the quantity 
of th anged, this equivalence is maintained by the adjustabihq' 

rhin ^ onate ion In the presence of pyloric obstruction the 

to 1 ^ f ^ ^ greater extent than is the sodium ion (owing 

in T ydrochloric acid in the vomitus), and the excess of the basic 
,1 niost y sodium) is covered by an increase in the bicarbonate ion, 
s ere is alkalosis In the pancreatic juice and in the bde there is a 
arger amount of fixed base (sodium) than in the gastric juice, and 
1 ^ rnc^ased sodium is balanced by the bicarbonate ion Therefore, 

ss o t ese secretions tends to reduce plasma bicarbonate and to cause 
^ci osis Thus in the presence of high duodenal or jejunal obstruction 
e presence or absence of alkalosis or acidosis will vary with the relatne 
OSS of gastric juice on the one hand and of bile and pancreatic juice 
n t e other In the presence of high obstructions the loss of gastric 
greater, and hence alkalosis usually occurs 
e owering of the level of blood sodium and chloride is adequatel} 

^ 'p ained by the amounts of sodium and chloride recovered m the 
omitus (Gamble and Ross, Gatch, Trusler and Ayers, Raine and 
it r^) The marked electrolyte loss occurs during the early, or 
1 ica , period of obstruction, since it was shown b)'’ Foster an 
aus er that when dogs with simple high obstruction are given sufficient 
amounts of physiologic solution of sodium chloride for only the fir^t 
our or ve days they will survive three or four weeks and show no 
Ijpochloremia This has been confirmed by others (Gatch, Trusler and 
yers, Wangensteen and Chunn) There is no defimte “lethal level 
ot blood chloride or sodium The values found in blood specimens 
ta 'en just before death vary markedly Mclver stressed the fact tia 
tie evel of the blood chlorides is not a true measure of the total 
o e 1 } dration of the body The loss of plasma electrolytes is rep a 
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from the intercellular fluids, and it has been tuund that a marked 
reduction in water content of the subcutaneous tissues and ot the skin 
occurs m cases of high obstruction (Miller) These tissues arc abundant 
sources of intercellular fluids 

2 The survival of animals with high intestinal obstruetion has been 
markedly prolonged by administration of vomitus and dextrose or othci 
solutions containing sodium chloride and food into an enterostomy 
below tlie obstruction or by shunting the secretions of the upper part 
of the intestine below the obstruction Jenkins and Ins co-^^o^ke^^ 
have done a number of such experiments With 2 dogs, survival periods 
of fifty-t^vo and seventy days respectively were attained by jej unostomy 
feedings below the obstruction Similar experiments have been done by 
several other groups of investigators (Armour and others, Pearse, 
White and Fender) 

3 Animals with high intestinal fistulas die in the same length of tunc 
and show the same symptoms and almost the same changes in chemical 
composition of the blood as do animals with high intestinal obstruction 
and their lives may be markedly prolonged by the administration of 
physiologic solution of sodium chloride This has been demonstrated 
by Walters, Kilgore and Bollman and substantiated by others (Dragstedt 
and Ellis, Morton and Pearse) Morton and Pearse contended that 
‘ht is necessary to assume that either there is a toxemia present in both 
high intestinal obstruction and fistula at the same level, or that there is 
no toxemia in either 

Objections to the Theory that Death front High Intestinal Obstruc- 
hoit Is Due to Electrolyte Loss and Dehydration — Investigators have 
attempted to produce in normal dogs electrolyte loss and dehydration 
comparable to those found in cases of high intestinal obstruction bv 
gastric lavage and by inducing vomiting with such drugs as pilocarpine 
Earher workers found that dogs could be apparently dehydrated, yet 
show httle evidence of intoxication and quickly recover when given 
food and water (Ingvaldsen and others) No blood studies or attempts 
to determine quantitatively the degree of dehydration were made, but 
recently Taylor and others, using similar methods, obtained blood chloride 
levels as low as 260 mg per hundred cubic centimeters and maintained 
them for several weeks without obvious intoxication Ho^^ever, it has 
been noted that the level of blood chloride is not a true measure of 
dehydration, and hence these experiments can hardly refute the dehydra- 
tion hypothesis 

LOW INTESTINAL OBSTRUCTION 

Experimental low ileal obstruction usually produces a picture quite 
different from that of high obstruction Although in some dogs vomit- 
ing and other symptoms come on rapidly and simulate high obstruction. 
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the majority of aiiimalb a omit little, remain m apparent good condition 
tor seven, eight oi nine clays and then often die abruptly The usual 
range of suivival is from two to fourteen days, but there is wide vana- 
tion (Eisbeig and Diapei , Elman and Hartmann, Hartwell and others) 
Attention has been called to the fact that low ileal obstruction m dogs 
difteis from low’’ ileal obstruction m human beings in that the latter 
almost ah\ays brings on acute symptoms and vomiting, and if obstruc- 
tion IS complete the survival is not likely to exceed a few days (Mclver) 
The autopsy observations do not adequately explain death The most 
intensive study of the general picture and blood chemistry in the presence 
of low ileal obstruction is that ot Elman and Hartmann They found that 
occasionally some dogs vomited and showed a decrease in blood chlorides, 
hemoconcentration and evidence ot dehydration, but these clianges 
were absent m the majority Parenteral injection of saline solution 
did not prolong survival The last-mentioned finding vas in confirma- 
tion of the earlier work of Hartw ell and his associates Holt, however, 
stated the belief that electrolyte loss and dehydration play a more 
significant role in low ileal obstruction than is generally believed and 
was able to obtain an average survival tune of twelve days in a seneb 
of 1 1 dogs to which adequate amounts of physiologic solution of sodium 
chloride were given Elman and Hartmann concluded that death 
seems due to a profound peripheral circulatory failure or ‘shock wluch 
IS quite distinct from the circulatory impairment due to dehydration m 
the case of high obstruction ” Most investigators have expressed the 
belief that m the presence of low ileal obstruction the absorption o 
toxic material is the most significant lethal factor, but conclusive proot 
of this hypothesis has never been attained 

Under what conditions of the intestinal mucosa may a to\ic sii) 
stance be absorbed^ The normal intestinal mucosa is impervious t^ 
any of the various toxic substances obtained from obstructed intestma 
contents (Cooper) Many investigators have contended that to ^ 
absorption does not take place until there are definite 
changes in the intestinal mucosa However, others have stated that ^ 
selective absorption of the mucosa may be altered before visib e 
dence of pathologic alteration has taken place One approach to 
question is to study the histologic changes that take place m the niu 
under the conditions of obstruction Many of the studies cite 
literature were made when it was generally believed that deat i 
all types of obstruction was due to absorption of toxins and 
was little appreciation of the possibility that electrolyte loss and 
dration per se might cause death in certain instances The 
investigators of the earlier group reported marked mucosal c 
with mtarction and ulceration in cases of experimental obstr 
(Cooper , Van Beuren) However, in most instances no note i 
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of the various levels of obbtructiun Rceciitly Cailson and Wangcubtccii 
studied the hibtologie strueturc ol the bowel wall from autopsies on 
dogs wuth simple obstruetion at various levels i hey found no e\ ideiiee 
that ‘ loss of epithelium is a marked or constant eharacteristie of simple 
obstruction and neerosis of the bowel wall did not oeeur in an} of the 
senes Elman and Plartmann, m tlicir sliuh of ileal obstruetion in 
dogs, reported that death oecurred without ‘demonstrable lesions of 
the obstructed wall or mueous memlirane’’ in over half of the dogs 
of their senes lluis recent investigation suggests that death in cases of 
simple intestinal obstruction may oecur without deimite microseopic 
mucosal changes In cases of high obstruction, m wdiieh it is generally 
behe\ed that death is due to elcctrol}te loss and deh}dration and dis- 
tention IS relieved b} \omiting, one might expect that death might 
well occur before mucosal changes took place One is tempted to 
postulate that electrolyte loss and dehydration played a part m causing 
death m the dogs wath low ileal obstruetion that did not show^ mucosal 
changes This possibility, although not discussed m the reports of 
Wangensteen and Carlson and of Elman and Hartmann, undoubtedh 
occurred to these authors Holt gave dogs wath low^ ileal obstruction 
large amounts of physiologic solution of sodium chloride and observed 
mucosal changes in all the dogs at autopsy The relation between the 
intoxication associated with intestinal obstruction and the mucosal 
changes is not definitely established 

Role oj Distention in Lozv Ileal Obstruction — Several groups of 
investigators have measured the intramtestmal pressure during obstruc- 
tions (Morton, O wings and others, Sperling) In general it has been 
found that pressures between 4 and 19 cm of water are found in dogs 
with low ileal obstruction, and Sperling found similar sustained pres- 
sures in clinical cases In these cases peristalsis caused the pressure 
to nse to 30 cm of water Obstruction of the large bowel caused 
higher pressures, owing to the fact that the ileocecal sphincter made 
the colon virtually a closed loop As obstruction proceeds, fluids and 
gases collect in the lumen Whether distention augments or inhibits 
intestinal secretion is a controversial point (Gatch and Culbertson, 
Herrin and Meek, Montgomery and Swindt) The intestinal gases 
are denved from swallowed air and from digestive processes An 
active diffusion of gases between the blood and intestinal lumen takes 
place according to the laws governing gases Diffusion of oxygen 
and carbon dioxide from the lumen into the blood takes place, and 
these gases are replaced by nitrogen, which comes from the blood 
stream (Mclver and others) Practical application of this fact is 
found in the experiments of Rosenfeld and Fine, who found that the 
nitrogen m the intestinal lumen could be displaced by breathing pure 
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oxygen An increase of the survival period in animal expermients 
was reported, and encoui aging results were obtained m using tins 
method for the clinical treatment of postoperative distention (Fine and 
others) Hibbard, working in Wangensteen’s clinic, made a number 
of studies of the intestinal gases m the presence of obstruction He 
discovered that under the conditions of obstruction gases of the volatile 
basic group (ammonia, methylamme and tertiary amines) were found 
In an earher report, Flibbard concluded that the volatile basic group 
of gases were harmless m the concentrations present m obstruction 
Later, Hibbard and Kremen reported that a distillate containing the 
volatile bases and buffered at a specific pa caused death when injected 
into closed loops of intestine of a normal dog However, absorption 
seems dependent on an optimum pa, which has not been shown to occur 
m the presence of an obstructed intestine Few studies have been made 
m this respect, hence the role of the volatile gases as a toxic factor 
cannot be settled at this time 

Effects of Measured Int) amtestinal P/essioe on Microscopic Appear- 
ance and Permeability of the Bozvel Wall — Many ingenious methods 
of distending the intestine and observing the effects have been earned 
out In general, for each increase m intraintestinal pressure tliere is 
a corresponding decrease in the volume of blood per minute arculatmg 
through the wall (Dragstedt and others, Gatch and Culbertson, Gatch, 
Owen and Trusler) Sperling distended loops to pressures known to 
exist m cases of experimental and clinical obstruction (20 cm or 
twenty-four hours) and found that necrosis, loss of viability and abnor 
mal permeability of the wall occurred He noted that viability 
tested by response to faradic current) was lost before the wall becan 
directly permeable to potassium ferrocyanide 

Effect of Distention on Blood and Plasma Volume Aird nia 
studies of the blood and plasma volumes in cases of low ilenl 
and found sigmficant decreases but did not conclude that these w 
of such proportions that they could be the lethal factor per se Recen ^ 
however. Gender and Fine have reported that average losses of p 
volume of 55 per cent occurred in cases of experimental low 
obstruction and have postulated that death can be attribute to 
decrease of plasma volume per se 


ABSORPTION IN CASES OF INTESTINAL OBSTRUCTION 

The possible avenues of absorption of a toxic material are 
direct permeation of the wall, usually referred to as transpe ^ 
absorption”, (2) absorption through the mesenteric vessels, a^^^ 
absorption through the lymphatics Absorption in the 
obstruction has been studied largely by introducing various su 
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into the lumen and subsequently testing for their absorption or attempt- 
ing to demonstrate toxic factors m the body fluids Many substances 
have been used, and many methods of testing for their absorption have 
been devised Certain generalizations may be made 

1 Transperitoneal absorption of toxic material occurs only through 
nonviable bowel 

This general statement has been made by a number of investigators 
(Catch and Culbertson, Catch, Owen and Truslcr, Sperling and Wan- 
gensteen, Wangensteen) These investigators found that certain dyes 
and potassium ferrocyanide did not pass through the wall until it was 
nonviable However, difficulty arises in defining the temi ‘Viable ” 
The fact that viability is present as indicated by muscle contractions 
possibly may not mean that every other physiologic characteristic of the 
intestine, such as mucosal selectivity, is functioning normally (Jacques 
and others) 

2 There are no experimental results which suggest that absorption 
of any substance normally absorbed is increased m the presence of 
obstruction 

On the contrary, there are many reports that the absorption of such 
substances as calcium iodine, ( Clair mont and Ranzi), strychnine 
(Wangensteen), sodium chloride (Enderlen and Hotz) and phenol- 
sulfonthalein (Palma) is decreased in the presence of obstruction 

3 Is there any experimental proof that under the conditions of 
intestinal obstruction substances are absorbed that are not absorbed 
by normal intestine^ 

Tests have been made for tlie absorption of such substances as 
histamine, epinephrine, acetylcholine and collodial graphite In general, 
there is no evidence that obstruction allows absorption of these substances 
(Carlson and others , Dobyns and Dragstedt , Wangensteen and Loucks) 
However, Haerem, Back and Dragstedt have recently found that the 
toxin of Clostndium botuhnum could be demonstrated in the blood after 
being injected into an obstructed loop In comparable quantities this 
toxin was not absorbed from the normal dog intestine They noted 
that gross necrosis of the distended segments did not always occur when 
the toxin was demonstrated in the blood stream This suggested that 
abnormal absorption, m this instance at least, was not dependent on 
visible microscopic degenerative changes of the mucosa In a compara- 
ble type of experiment, Hettwer and Hett\ver sensitized guinea pigs to 
horse seriim After injecbon into an obstructed loop of such a dose as 
was noneffective when introduced into normal intestine, it was found 
that absorption occurred, as shown by the anaphylactic reaction which 
took place Thus there is some experimental evidence that abnormal 
absorption occurs m the presence of obstruction, but its correlation 
with the state of the mucosa is not definite 
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4 Lymphatic absorption is increased in cases ot intestinal obstruc- 
tion, and certain substances are absorbed through the lymphatics that 
are not absorbed by the normal intestine 

Certain dyes and bacteria ^\ Inch are absorbed by the normal intestine 
have been found m the lymph nodes in vaiious cases ot experimental 
obstruction (Sperling and \\'^angcrsteen , Stone and Firor) It is an 
accepted physiologic principle that increased intraluminal pressure and 
associated increased mesenteric venous pressure cause increased lym- 
phatic absorption Some m\estigatois have explained this absorption 
largely on the basis of stasis and ha\e stated that m normal intestine 
absorption is prevented by the lapid transit of the material through 
the bowel In 1915 Murphy and Brooks recovered toxic material from 
the thoracic ducts after haAung injected such material into a loop winch 
Avas subsequently distended There are no reports that this interesting 
experiment has been repeated 

Recoveiy of To\ic Mateiiah iii Body Fluids — If there is absorption 
of toxic material m cases of simple obstruction, it Avould seem plausible 
that in some manner such material could be recoA^ered from the body 
fluids A fcAv such positu'^e claims have been made, but it ma\ 
be stated that as yet no one has conclusiA''ely shoAvn the presence of 
toxic material m the body fluids m cases of simple obstruction The 
entire blood content of toxic animals Avith Amrious t)'’pes of obstruction 
has been transfused into normal animals AAuthout effect (Carlson, 
Lynch and Wangensteen , Foster and Hausler , South and Hardt) 
fcAv positive claims have been made concerning the recovery of toxic 
material from the peritoneal fluid and the lymph (Schonbauer), but 
these were not confirmed by other Avoikers (Dragstedt and others, 
Murphy and Brooks, Murphy and Vincent, Traum) Sugito an^ 
Scholefield reported the presence of a toxic substance in the inesente 
veins of a closed loop in the terminal stages of obstruction, but t 
experiments have been criticized from seveial points of viev an 
not been further confirmed 

If a segment of small intestine is isolated, the ends 
the continuity of the intestinal tract is reestablished by 
the animal aviU present a picture in a general Avay similar to t la 
obstruction at the level from Avhich the segment Avas isolated 

This statement Avas expressed by Cooper and is well sub^f^in 
(Bunting and Jones, Dragstedt and others, Murphy and Broo s,^ 
and others) HoAvever, there are certain variations Dogs " 
denal loops present a rather consistent clinical picture , the p 
surA'wal is fairly constant (between forty-eight and .jjitop-' 

and death usually occurs before the loop perforates 
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splanchnic congestion is prominent, but few observers have re. polled more 
marked changes than congestion m the \anous organs Short jejuiul 
loops present a picture similai to tliat ot duodenal loops but perforation 
more frequently occurs before death ensues Survival is m a general \s ly 
directly proportional to the length of the loop, and long jejunal loops 
are associated ^vlth wide variations in survival (ihurston) When 
long loops are made, death frecpientl) oecurs before pertoration lakes 
place Low ileal and colome loops are often tolerated for ueeks with 
relatively tew symptoms (Coopei , Gateh and others, I^Iurphv uul 
Brooks, Whipple, Wilkie) When short loops are made high m the 
intestine, there are rapid distention and marked anorexia and \ omiting 
Changes in the blood chemistry are found wdnch arc similar to those 
reported in cases of simple high obstruction (Dragstedt, Haden and 
Orr) Burget noted that relief of the distention by aspiration reliexed 
the anorexia and vomiting Dehydration may be a factor m causing 
death under these circumstances, but definite mucosal changes are 
observed at autopsy, and life cannot ])e prolonged by parenteral fluids, 
because if these are given the loops will soon perforate When long 
jejunal loops (over 35 cm ) are made, the animals become weak, lose 
their appetite, lose w^eight, become asthenic and often die of distemj)cr 
(Thurston) The loops are usually greatly distended, but reports vary 
as to the state of the mucosa However, most investigators feel that 
death is due to slow absorption of toxic material 

XATURC AND ORIGIN OF TOXIC SUBSTANCE IN TUP 
INTESTINAL LUMEN 

The contents above an obstruction, from isolated closed loops or trom 
strangulated loops, are toxic when injected into a normal animal 

There IS little in the literature to suggest that this statement would 
not be universally accepted The word ^'toxic^' is often loosely used 
m the literature and may mean anything from a transient depression of 
the blood pressure to actual death The course, symptoms and eventual 
outcome have varied widely m the hands of different investigators 
Crude material obtained from the lumen of the obstructed intestine is 
almost always toxic and is usually lethal when injected intravenously, 
when It is injected intrapentoneally it usually causes the same picture, 
but the effect is more prolonged and peritonitis is a conflicting factor 
(Habler , Knight) There are many obvious objections to conclusions 
drawn from this sort of experiment, and most investigators ha\ e 
attempted to obtain a more purified material Thus filtrates, super- 
natant fluid from centrifuged specimens and detailed chemical methods 
have been used to obtain purified products In general, these have led 
to more consistent results in the hands of those who have used them, 
but variations were found in that vanous investigators isolated matenals 
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that had diflfeient chemical and pharmacologic actions However, the 
majority of investigators have found that their toxic material was water 
soluble, heat stable, largely removed by a Berkefeld filter and precipitated 
by alcohol The following substances have been reported to have been 
recovered from toxic obstructed material choline and neunne (Nesbitt), 
a heteroproteose (Whipple), a nucleoprotein (Ingvaldsen and Ins 
co-workers) and histamine (Gerard) The preponderance of opinion is 
that the toxic substances which most investigators have found in 
obstructed contents are either secondary, derived products of protein 
decomposition (the proteoses) or amines which are formed by bacterial 
action Whipple and his various co-workers contended that the toxic 
material is a heteroproteose and later that it is nucleoprotein but that 
it is definitely not histamine On the other hand, Gerard contended 
that the properties of the obstructed content can be accounted for by 
then content of free and combined histamine, although he expressed the 
opinion that other toxins are also present Gerard recovered significant 
amounts of histamine from closed intestinal loops These variations 
suggest that there may be several toxic substances existing under dif- 
ferent conditions 

The crude substance of the various toxic preparations may be intro- 
duced into the lumen of the normal small intestine with no untoward 
results This postulate was expressed by Cooper and is generally 
accepted 

The question then obviously presents itself Are normal intestinal 
contents toxic when injected intravenously or intraperitoneally^ 
Cooper’s review the general statement was made that they are not 
toxic or are only shghtly so In reviewing the original papers, the author 
found that many of the investigators generally referred to as supporh^S 
this contention had limited their work and in most instances their 
conclusions to the secretions of tlie intestinal mucosa per se (Davis an 
Stone , Dragstedt and others) or to the toxicity of autolyzed norma 
mucosa Much of the early work has been repeated, and the mo 
recent experiments show that both normal and obstructed conten 
are toxic (Van Beuren, Gatch, Trusler and Lyons, Wangensteen a 
Chunn), their toxicity dependmg on the piethod of preparation ® 
material and the manner of injection Gatch and his co-workers 
reported that the contents of the higher part of the small 
highly toxic and those of the lower part much less so They 
found that the normal combined pancreaticoduodenal ^^1 

highly toxic and usually lethal when injected into a norma an 
The experiments of other investigators have offered confinnatoty 

dence concerning the toxicit}'’ of the normal pancreaticoduodena 

tion or the activated pancreatic juice (Bottin, Cybulski and Tare 
Sugito, Sweet) 
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Toxicity of Obstiucted —Although the pancreaticoduodenal 

secretion may be the primary factor in causing the toxicity of normal 
intestinal content, there is reason to doubt that it plays the sole role in 
causing the toxicity of the contents above a low ileal obstruction These 
contents are toxic in obstructed dogs from which the pancreas has been 
previously removed (Ingvaldsen and others) The secretion of the 
duodenum per se has not been found toxic (Davis and Stone), and 
there is little to suggest that the other intestinal secretions arc \crv 
toxic 

Role of Ingested Food — Hibbard and Krcmen have reported that 
survival of obstructed dogs is decreased if the animals are fed high 
protein diets Certain early reports stated that the intestinal contents 
are highly toxic after diets high in meat and only slightly toxic after 
diets of only milk (Dobyns and Dragstedt) However, Habler has 
recently reported that protein-free nourishment did not alter the period 
of survival Thus the relation of ingested food to the toxicity of 
obstructed intestinal contents is obscure, but certain of the intermediary 
products of digestion are toxic, and there are no experiments which 
prove that these substances do not make some contribution to the 
toxicity of obstructed contents, although the general consensus is that 
their toxicity is of secondary importance 

Bacterial Origin of the Toxin — Cooper stated in his rcMew in 
1928 that “the preponderance of opinion seems to be that bacteria play 
an essential role in the formation of the toxic substances in obstructed 
intestmal content ” The basic experiments which substantiated this 
contention were those of Dragstedt and his co-workers, who were able 
to autosterilize isolated loops by leaving them open in the abdominal 
cavity These loops could then be closed or even strangulated without 
causing symptoms 

Toxicity of Autolyzed Intestine — If, in any type of obstruction, 
the circumstances are such that the wall has become nonviable, the 
subsequent process of autolysis is intensely toxic Bacteria have been 
shown to play an essential role m this process If segments of bowel 
are excised, washed with the usual antiseptics and returned to the 
peritoneal cavity, death quickly ensues (Wangensteen and Waldron) 
It is almost impossible to stenlize segments of intestine by this means 
(Dragstedt, Moorhead and Burcky, Dragstedt, Dragstedt, McCImtock 
and Chase, Scott) However, Scott sterilized segments m the auto* 
clave, and such segments caused no ill effects when placed in the 
abdominal cavity It seems that these expenments offer vahd evidence 
that the toxicity of autolyzing intestine is dependent on bacterial action 
Role of Bacillus Welchii — ^Wilhams in 1926 contended that the 
absorption of B welchit toxin is an important factor in causing death 



982 


ARCHIVES OF SURGERY 


in cases ot intestinal obstuiction Although he reported a mortalih 
ot 9 5 pel cent in a series of cases treated with B welchii antitoxin, 
there has been no satisfactory confirmation of the clinical value of the 
antitoxin in cases of obstruction Experimentally, the sur\n\'al of 
obstructed animals has not been prolonged by the antitoxin (Holt, 
Owmgs and McIntosh), and investigators have failed to find imniune 
bodies in the serum of animals with intestinal obstruction (Thurston) 
The preponderance of recent woik shows that there is little evidence 

that the toxin ot B welchii is the prnnar\'^ factor in intestinal obstruc- 
tion 

Siiiimio) y 1 he toxicity of normal intestinal contents is largely due 
to the toxicit}'' of combined pancreaticoduodenal secretions and possibly 
to some ot the intermediary products of digestion The toxicit}' of 
obstructed contents which receive and retain the pancreaticoduodenal 
secretions may be due primarily'’ to the presence of these combined 
secretions Howex'er, the toxicity'’ ot obstructed contents in cases of 
low intestinal obstruction is more likely due to histamine, histaniine- 
hke substances from bacterial putrefaction or secondary'’, derived prod- 
ucts of protein decomposition If an obstruction has proceeded to sudi 
an extent that the wall is nonviable, the subsequent autoly'sis is higlily 
toxic This toxicity" is apparently’’ dependent on bacterial action 


STRANGULATION 

Death trequently occurs m cases ot experimental strangulation before 
gross perforation occurs The period of sur’vival is governed by' the 
length of the loop and the type of strangulation In general, the longer 
the loop, the shorter the survival (Aird , Foster and Hausler , Wahren) 
The type of strangulation is more significant than the length of the 
loop Thus the following average periods of survival were noted b) 
Scott and Wangensteen for the various ty'pes of strangpilation that haie 
been studied 


Xength 

Group 1 >nclr(knieut \\ith a rubber band ul)out the niLscutcrj 1 to j 

(30 cm toXomtte^^; 

Groiin 1 Xfgation of arteries and veins lto5 feet 

(30 cm to 1 5 meters; 

Xigntlon of arUrles alone 1 to 4 k'ct 

(30 cm to meters; 
3 to oVi fe^t , 

(01 cm to 10 meters; 


Group 
Group 3 
Group 4 


Hours 

4 

20 


I^igation of "v elns alone 


CoinpOiitio)i of Blood — Death occurs in the absence of deliy dnitH'i>- 
and there are no marked alterations in the blood chemistry otlicr t 
a moderate increase in nonprotem nitrogen (Cooke and others, 
Tuisler and Ayers) 

Sigiiificoiici of Loss of Fluid —Holt measured the amount of th»‘‘ 
lost in strangulated loops b\ enclosing them in a rubber 
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eluded that in the long loops enough fluid was lost to eause death per se 
Knight and Slome oppobcd this postulate hy btating that if a toxic 
iaclor eaused death in the short loops it would also be a factor with 
the longer loops They objected to Holt’b cxperiincntb on the basis 
that the rubber bag prevented rcabsorption ol the jicntoncal fluid 
The^ measured the loss of fluid bv weighing the loops and swabbing 
the peritoneal cavity with cotton swabs of known weight It was 
concluded that, regardless of the length of the loop, ‘there was no 
constant relations between the amount of fluid lost from the cireulation 
and the survival time However, Scott used a method similar to that 
of Knight and Slome and iound that m strangulations of two types, 
encirclement of the mesentery with rubber bands and ligation of tlie 
veins alone, the loss of blood itselt was sufficient to cause death, but 
this was not true wnth the types in wdiich the arteries or both the 
arteries and the veins were ligated These studies were based on the 
postulate of Blalock that a loss of fluid equnalent to 4 per cent of 
the body w^eight must occur to eause death from fluid loss alone Although 
there is dissension as to the relative role of fluid loss and strangulations, 
these experiments would lead one to feel that with long loops, at least, 
the loss of fluid is in itself sufficient to eause death 

Recovery of Toxic Facto) s ui Body Fluids — If the strangulation 
IS sufficient to shut off the lymphatics and the venous return, it w^ould 
seem that it absorption of a toxin occurs it must be by means of trans- 
peritoneal absorption Under these conditions one would expect that 
toxic materials would be present in the peritoneal fluid However, 
this has been rather difficult to demonstrate Scott and Wangensteen 
injected untreated peritoneal fluid from dogs that had died of strangu- 
lation without rupture into normal dogs (intravenously) and found no 
immediate or delayed effects In experiments in wdiich the loops had 
ruptured, there were innumerable bacteria, and the animals died of a 
generalized gas bacillus infection On the other hand, Knight and Slome 
reported that fluid collected by means of a rubber bag placed about a 
nonviable loop caused a marked and sustained depressor effect on a 
normal cat’s blood pressure and in large doses was lethal Emight 
reported that samples of peritoneal fluid from cases of strangulation 
in human beings caused a ‘‘depressor” action when injected in small 
amounts into anesthetized cats Some of the samples caused only a 
transient depressor effect but those from patients wnth gangrenous seg- 
ments of intestine caused the blood pressure to remain at a “perma- 
nently low level ” 

Wahren found that fluid from a rubber bag about strangulations m 
rabbits when injected into a normal rabbit caused a state of shock 
which was sometimes lethal Aird and his associates also found such 
fluid to be toxic 
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The period of survival in cases of strangulation of small and medium- 
sized loops is increased by enclosing the loops m a rubber bag (Foster 
and Hausler, Holt, Wahren) The usual interpretation is that the 
rubbei bag prevents absorption of toxic material 

Natiue of the Tone Material Collected %n Stick Rubbei Bags — 
Wahren reported that histamine, acetylchohne, adenylic acid and other 
known depressor substances are not present in significant quantities 
and that it is probable that a markedly toxic substance not yet chemi- 
cally defined is responsible for the toxic properties of such flmds Aird 
reported isolation of two chemical compounds from such flmd that 
produced toxic eflfects when injected into normal ammals One 
appeared to be a protein of the euglobulin class, while the other resem- 
bled histamine Later, Aird and Henderson reported that “the 
histamine content of the transudate trom strangulated loops was exceed- 
ingly high but histamine could not be regarded as the sole lethal factor 
in intestinal strangulation ” 

Several investigators have called attention to the fact that it is 
difficult to evaluate the role of substances recovered from such fluid 
by injecting them into normal animals, because the strangulated animal 
will have more or less loss of blood volume and perhaps other such 
factors that would cause lessened resistance (Aird and Henderson, 
Maycock) Thus Maycock found that the acute depressor effects o 
such fluid could be accounted for by the amounts of histamine an 
choline present but that these quantities were not great enough m them 
selves to produce lasting harmful results He found that slow intravenous 
injection of such peritoneal transudates into the normal anesthetize! 
ammal whose volume of total circulating fluid has been diminished caiis 
death, while intraperitoneal injection of such peritoneal 
unanesthetized ammals whose volume of total circulating fluid has 
diminished in most instances produced no harmful effect 

Recovery of Toxic Factors from Portal Venous System— 
and Slome have reported the recovery of substances which had a 
depressor action from the superior mesenteric vein when the e 
small intestine of a cat was strangulated Knight has recently 
that blood taken from the mesenteric veins of segments of strang 
gangrenous human intestine caused a depressor effect The 
significance of these depressor materials is open to question on t 
of the techmeal details of the experiment (Maycock) 


ROLES OF A NEURAL MECHANISM 
PHYSIOLOGY OF THE SPECIAL ORGANS 


AND SHOCK, 

role of hyperpotasse 


Burget and Herrin and Meek have presented evidence 
gests that reflexes initiated by distention may pl^y ^ signi can 
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causing the anorexia and vomiting associated with obstruction laylor 
and his associates produced ‘Mistention without obstruction’* by means 
o£ a balloon fastened about a rubber tube When the distended portion 
of the intestine was denervated, survival was prolonged fhese authors 
suggested that a neural reflex played a definite role but did not discuss 
the mechanism Criticism of these experiments has been made by 
noting that the pressure to which the balloon was distended (100 mg 
of mercury) would certainly cause changes in the bowel wall (Knight 
and Slome) 

Role of Shock in Intestinal Obstruction — Moon and Morgan have 
written the most extensive paper on the role ot shock m obstruction 
They concluded tliat ‘hntestinal obstruction is one of the many condi- 
tions which will produce characteristically the shock syndrome ” They 
reported that study of autopsy material in cases of clinical and experi- 
mental obstruction revealed the capillary engorgement that is spoken 
of as diaracteristic of shock They reported an increase in capillary 
permeability to trypan blue in the terminal phases of intestinal obstruc- 
tion These authors did not suggest that the role of shock might difter 
with the vanous types of obstruction and that there is reason to believe 
that the terminal prostration in cases of different types of obstruction 
may be caused by different mechanisms Thus Elman and Hartmann 
stated that in cases of low ileal obstruction “death seems due to a pro- 
found penpheral circulatory failure or shock, which is quite distinct 
from the circulatory impairment due to dehydration in the case of high 
obstruction 

Elevation of the Nonprotein Nitrogen Content of the Blood and Path- 
ology and Physiology of the Kidneys m Intestinal Obstruction — An 
increase in the nonprotein nitrogen content of the blood is associated with 
all types of obstruction The values are variable and are not such 
that they can be considered the cause of death per se The elevated 
concentration of nonprotein nitrogen is thought by most recent authors 
to be secondary to the dehydration which accompames simple obstruc- 
tion or to the breakdown of body tissue associated with strangulation 
Certain workers have postulated impairment of the kidneys as a result 
of the action of an absorbed toxin (Brown and others, Fox and his 
co-workers, McQuarne and Whipple), and some have found pathologic 
alteration in the kidneys (Brown and others) and impairment in renal 
function tests (McQuarne and Whipple), but the prevalent opinion is 
that these changes are more likely due to dehydration than to the action 
of a toxin This, however, is still a controversial point 

Role of the Liver in Obstruction — Elman and Cole reported that 
there was central necrosis in a mild form in nearly all, and to a marked 
degree in 54 per cent, of a senes of dogs with simple loop obstructions 
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Similar but more consistent changes were found in cases of strangu- 
lation Hepatic function tests showed slightly decreased values m the 
toxic stages of obstruction, but the earlier work of Werelius, whidi 
supported the contention that death m cases of obstruchon is due to 
insufficiency of the hvei, has not been confirmed by others 

Role of Ad) end Glands in Obstruction —Sever A workers (Scud- 
der, Zuemer and Whipple, Wohl and others, Zwenier) have been 
impressed by the consistent cellular changes and hpoid depletion obsened 
in the adrenal cortex after death from experimental and clinical obstnic 
tion Wohl and others found that dogs with high intestinal obstruction 
which uere given adrenal cortical extract lived longer than did contro 
dogs It IS well known that the adrenal cortex is essential for he an 
that it peitoims certain functions m the control of electrolyte aanc 
and pel haps of capillary permeability It is an attractive 
that part of the terminal collapse in cases of obstruction ina} e u 
adrenal cortical insufficiency, but as yet this is only a specu a 
Role of Potassium in Intestinal Obstruction Scudder, 
Truskouski reported that in cases of both simple obstruction an ^ 
gulation they had found an elevation of the blood potassium o 
previously shown to be toxic This led them to conclu e 
Slum IS the toxic factor sought m cases of intestinal obstruction 
and Zwemer found marked hyperpotassemia associate wi ^ 
fistulas and suggested that hyperpotassemia answers t e y 
previously cited that there must be a toxin present wi i 
obstruction and high fistulas or absent with both There is op 
these views in the work of Bisgard and his 
that the potassium levels became elevated in about half o t leir 
animals but noted that if potassium is the toxic gj.j.^f,gulat:on 

elevated in all instances of obstruction with toxemia wo Q^gssiuni 
experiments were done, and in neither was an increase 
observed 


GENERAL SUMMARY 

Attention is called to the fact that different physio o 
logic alterations take place under the conditions o i 
intestinal obstruction The preponderance of evi of the 

death in cases of high obstruction is due to the loss to ^ ^oiistitiK-'*^’ 
secretions of the upper part of the intestine, the is foun‘* 

being water and sodium chloride Support foi this con dieai 

in the fact that life can be markedly prolonged by rep inte^' 

substances and only these substances Experiments m \ 
tmal secretions were short circuited around the gausc a 

this postulate, as does the fact that high intestinal stu a 
liar picture and respond in a similar manner 
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In the presence ot low intebtnuil obbtruction there ib opportunity 
for reabsorption, and, although dehydration and electrol} tie lobb niav 
explain death in some mstanceb, these factors do not seem adequate to 
explain death in the majority of instances T.hc general consensus 
IS that death occurs as the result of absorption of toxie materials Many 
investigators have contended that toxic absorption does not take plaee 
until there are definite microscopic changes m the intestinal mucosa 
However, others have felt that selective absorption of the mucosa ma) 
be altered before visible evidence of pathologic alteration takes place 
Recent studies have been reported, indicating that death m cases ot low 
ileal obstruction occurs in the absence of marked changes m the intes- 
tinal mucosa It has been suggested that electrolyte loss and dehydra- 
tion may have been factors in the instances in which mucosal changes 
w^ere not evident, although this has not been definitely established flic 
majority of experiments support the contention that there is no trans- 
peritoneal absorption or ^Mirect permeation” of the intestinal wall as 
long as It IS viable Increased mtraintestmal pressure tends to decrease 
absorption of substances normally absorbed by the intestine and lias not 
been shown to cause absorption of most substances that are not nor- 
mally absorbed However, a few^ recent experiments have shown that 
increased intramtestinal pressures w^ere associated wath abnormal absorp- 
tion of Cl botulinum toxin in dogs and of horse serum m guinea pigs 
Lymphatic absorption is increased in the presence of obstruction, and 
certain dyes that are not normally absorbed are absorbed by the lym- 
phatics under the conditions of obstruction There is no conclusive 
proof that absorption of a lethally toxic material occurs bv this route 
In general there is no satisfactorily substantiated evidence of toxic 
materials in the body fluids in cases of low ileal obstruction A^nimals 
with low ileal obstruction die in a state of ^‘shock ” There is a decrease 
in blood and plasma volume wdiich is certainly of some consequence, 
but the precise role that these factors play is not definitely known 
Recent experiments have shown that normal intestinal contents may 
be as toxic as obstructed contents, or more toxic The normal com- 
bined pancreaticoduodenal secretion per se is highly toxic Although 
the nature and origin of the toxic material in obstructed contents is not 
clear, reasons are given for the belief that the pancreaticoduodenal secre- 
tions play a secondary role m respect to the toxicity of the material 
collected al)ove a low obstruction The preponderance of evidence 
suggests that the toxicity of this material is dependent on bacterial 
activit}', and, although multiple toxins may be involved, part of the 
toxicity seems to be caused by the presence of histamine or a closely 
allied substance 

In strangulations ot long loops the preponderance of evidence show^s 
that the fluid loss per se may be great enough to cause death How- 
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ever, with short loops and with death occurring before perforation, the 
fatal issue is probably due to absorption of a toxic material which is 
formed by the action of bacteria on the nonviable tissues of the 
intestinal wall Although some experiments have been cited in which 
the peritoneal fluid was reported not to be toxic, a number of 
gators have found toxic material in the peritoneal transudates The 
nature of these transudates and their degree of toxicity have been varia- 
ble Histamine and comparable substances have been found in these 
transudates and cause depressor effects on blood pressure 
substance has been proved sufficient in itself to cause death 
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ACUTE METASTATIC SPINAL EPIDURAL ABSCESS 

REPORT or T\\ O CASES WITH RECOVERS FOLLOWING 

LAIkIINECTOM\ 


DWID L REEVES, MD 

LOS ANGELES 


As can be appreciated trom a re\ lew of the literature, the diagnosis, 
treatment and prognosis ot acute metastatic spinal epidural abscess nia\ 
be divided into two epochs According to Van Den Berg,^ the first ot 
these, from the initial report of Morgagni ■ until the end of 1928, ivas> 
to say the least, despairing, for of 36 patients whose cases were reported 
only 1 recovered, a mortality of over 97 per cent Beginning with 1929, 
a distinct improvement occurred Of 35 patients described, 19 sunne , 
a mortality of 46 per cent Of the 20 patients who recovered, however, 
5 had some residual paralysis Browder and Meyers ® followed Vai 
Den Berg’s paper with a report of 5 cases of acute metastatic 
epidural abscess, m 1 of which the patient recovered The condition^in 
this case, however, represented an extension of osteomyeliPs of t e 
During December of the same year, Campbell described 4 
but 1 recovery The patients m Raney’s ° 3 cases reported 
pneumococcic infections, and, as with all previous acute pne 
epidural absceshes, all of them died Still later in 1939, 

Madden ° reported 4 cases of acute metastatic spmal epidura ^ . 

in 3 of which the patients recovered Only 1 piatient, 
complete function, the others remaining paraplegic two an e e 
respectively after lammectoniy 

Any improvement in the prognosis or tms i jj^tenen- 
undoubtedly has depended on earlier diagnosis and opera i 

From the Department of Surgery of the University of Ab:)Ceb5, CJ* 

1 Van Den Berg, W J Acute Metastatic Spinal ^ 

forma & West Med 46 257 (April) 1937 q 

2 Morgagni, J B De sedibus et causis morbonim, 

jun, 1823 J Epidural 

3 Browder, J , and Meyers, R Infections of the P>na 

An Aspect of Vertebral Osteomyelitis, Am J Surg 3 tebral Can^^ 

4 Campbell, M M Pyogenic Infections Within tlie 


Neurol Inst New York 6 574 (Dec ) 1937 Epidural Ab^^ ’ 

5 Raney, R N Acute (Pneumococac) Metastatic pio I9a9 

Report of Three Cases, Bull Los Angeles Neurol Soc 

6 Bunch, G H, and Madden, L E Acute 
pression of the Cord, South Surgeon 8 291 (Aug ) 
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lion With ILW LNLcptionb, c\tiN piliciU willi 111 muliagnubul q)i(lural 
abbCCbb uutrc iIlcI 1)\ oiKnlioii liab died iis hue, prubtibh, *dl ptilieiilb 
with epidural abbcebbtb ol the aeiile luetabliUie t\pe \\ hen the diaynobib 
lb made carl}, belore evideiiee ot piraUbib hiib bel iii, and lannnecloniy 
lb performed as soon ab jxibbible, the ehaneeb of recovery are at least 
bomewhat favorable On the other hand, if the diagnobib ib eslabhbhed 
after complete parahbib hab bet m, not onlv ib the prognobib gra\e but, 
bhould laminectomy lead to reeuvciv ind relief of pun, rebidual paralvsib 
almost ahva}b persistb 

It Van Den Berg's ligures ire aeeepted and the 2 cases m the present 
report are added to those mentioned, some 86 leute inetastalic spnnl 
epidural abscesses have been observed, and 20 of the ixitients Iiave 
recovered Seven of those who recovered have hid some residu il 
paralysis The discrepanc} in the number of e ises reported is no doubt 
due to the difficult} of separating- the acute trom the cliromc tviie and 
the metastatic type from that oceurring bv extension from a contiguous 
infection At all events, the disease contiiuies to be uneominon and 
the prognosis poor Inasmuch as the patients in the following 2 eases 
of acute metastatic spinal epidural abscess were operated on prior to 
paralysis, with complete recover}, and because the cases illustrate some 
important features in the diagnosis of the condition, it was believed 
justifiable to describe them 

REPORT OF CASES 

Case 1 — Acute metastatic lumbar epidural abscess secondary to a furuncle of 
the left shoulder, infecting organism, Staphylococcus , lamincctoniv , drainage of 
the abscess, recoverv 

J M S , a white youth aged 19, was admitted to tlic Los Angeles County 
Hospital Nov 13, 1939, vvitli a historj of furunculosis of the left shoulder occurring 
a montli previously On November 3 he first experienced lumbar pain, which was 
accentuated by forward movement of tlie head Shortly afterward he noticed 
a radicular pain along the left side of the abdomen and found it necessary to walk 
bent over toward the affected side He also discovered that coughing or straining 
accentuated the pain He observed no weakness of his extremities and no symptoms 
referable to the bladder One physician consulted suspected a pennephntic abscess 
Because at this time he was a member of a Civilian Conservation Corp camp, he 
was admitted to the Station Hospital, March Field, Calif, on November 11 At this 
time his temperature was 99 8 F Rigidity of the neck and pam in the cervical region 
were noted, as well as pain and tenderness m the lumbar region The general 
physical examination disclosed nothing unusual in the heart, lungs or abdomen 
Except for a positive Kermg sign, neurologic examination revealed nothing note- 
worthy Clear fluid containing 23 lymphocytes per cubic millimeter was obtained on 
lumbar puncture A Queckenstedt test was not performed, a notation being made that 
no manometer was available After the puncture the patient complained of increased 
headache and pam in the back He was then seen by a county health officer at 
Riverside, Calif, who made a tentative diagnosis of poliomyelitis and advised 
transfer to the Los Angeles County Hospital At this time no unusual weakness 



996 


ARCHIVES OF SURGERY 


or paral} sis was described, but the rigidity of the neck and spine was still present, 
and the Kernig sign was positive 1 he family and past history were unimportant 
On admission the temperature was 102 4 F , the pulse rate 100 and the respira- 
tory rate 16 The patient was mentally clear but obviously ill He complained 
of pain in the left lumbar region and m the left side of the abdotnem Forward 
movement of the neck produced rigidity in the last 40 degrees of fle-\ioa The 
Kernig sign was positive Tenderness was noted in both lumbar regions, parheu 
larly on the left The cranial nerves weie intact, the deep reflexes were present, 
active and equal, and the Babmski sign was negative bilaterally No sensory loss 
was noted At this time the impressions were those of poliomyelitis v-nthout 
paralysis, choriolymphocytic meningitis, osteomyelitis of the lumbar portion of the 
spine and paravertebral abscess 

The value for hemoglobin on admission was 98 per cent, and the leukoc}'te 
count was 24,600 per cubic millimeter of blood, with 72 per cent neutrop 
The Wassermaim reaction of the blood was negative Roentgenograms o 
lumbar and thoracic portions of tlie spine taken on November 16 re\ « 
destructive lesion The chest was also essentially normal A slightly on y 
under 240 mm of pressure and containing 102 cells per cubic mi ime 
per cent of which were lymphocytes, was obtamed by puncture at ^ 
lumbar mterspace. The Pandy reaction was positive, the value or o 
was 170 mg per hundred cubic centimeters, and the Wassermann rea 
negative No Queckenstedt test was performed j i rth inter 

On November 19, a lumbar puncture at the level of the third ^ ^phylococo 
spaces returned frank yellow pus which on smear and culture show s .j 
A cisternal puncture revealed clear fluid, with 96 cells per ^ ic mi^^ 
no orgamsms An abscess on the scalp which had develop a 20, 

yielded staphylococci on culture Another lumbar puncture on 
returned xanthochromic fluid with a strongly positive reac ^ and 
No Queckenstedt test was done Culture of the fluid pro uce s 
a blood culture on November 21 yielded Staphylococcus aureus 

The patient’s condition continued to be critical *^ubic 

27,800 per cubic millimeter on November 17 and 24, septicenna 

on November 21 The impression at this time was that o s^p Y lumbar 

with pennephntic abscess, abscesses of the scalp an a given m 

muscle or epidural abscesses Staphylococcus bactenop the ^ 

of 5 cc. every four hours and increased to 10 and 15 cc eac 
admission to the neurosurgical service, when its use was 21, at wlndi 

The patient was seen m neurologic consultation on ^ts of tl^^ 

time marked tenderness over the third and fourth lum a 
was noted, with a positive Kernig sign and some sti ness ^ 
pain m the lumbar area on flexion* The impression was of tlie 

in the region of the third lumbar segment, without mv ^ 

Neurosurgical consultation was then recommended the iwfci't 

When seen by the resident neurosurgeon, on Nov ct,ffness of the 

ill and toxic A draining occipital furuncle was note j.ggion Oi’ 
evident, and forward flexion produced pain in the ^ , except ior ^ j 

nation the margins of the disks were well “f ’X «,ns ««« »'''S 
margin of the left disk, which was moderately b urre ^ 

Otherwise the cranial nerves were intact Examma sacrum, 

marked tenderness from the second lumbar ^ disturbance 

fulness of the paravertebral region bilaterally o ,novc 

Iklotor power appeared to be intact, but there was s 
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the lower uxtruiuliLS that this could not be Uslal s itishLloni\ Ihe nnprcsstoii 
was that of acute metastatic lumbar epidural abscess 

With the ixaticnt under a\erlm with im>lcne li>drUe and ellier ursiIksu i 
lumbar laiumcctom> was performed on November 23 T.he btcond to tlie «iftli 
lamina inclusive were removed With exposure of the duri, puekets of tiiiek» 
yellowish pus were opened from the second to the fifth lumbar segments of the 
spine, above and below which no evidence of abscess formalion was discernible 
Penrose drains to the dura were inserted through separate stab wounds on the lateral 
side of tlie incision The wound was then closed with chromic and plain catgut, 
and the cutaneous incision was loosely closed with interrupted fine bl lek silk 
sutures Before tins was done, powdered sulfap>ri(line was placeal iii the wound 
The patient was given a transfusion of 500 ce of cilraled blood 

Because of the history of the lumbar punctures through the involved area 
and the growth of staphjlococci from the last sample of spinal Ihiid, memngilis 
was feared as a complication Vftcr the Iaminectom> tlie temperature subsided 
and the patient's general condition was good Drainage from the operative area 
continued rather profusely The drams were removed on the fifth postoperative 
day When the skin sutures were taken out on the seventh postoperative da>, 
the edges of tlie skin separated at tlie upper portion of tlie wound, and drainage 
continued Sulfapyndine was given until the eleventh postoperative da>, when 
the patient’s condition was so mucli improved that it was no longer indicated 
Although he had some vesical difricult> during the first few da>s, this subse* 
quently improved and did not recur His postoperative course was thereafter 
uneventful, and by the tlurty-tlurd postoperative da> the wound had approximated 
except for a few small areas where tlie epithelial tissue had not closed the gap 
During tlie previous week the patient had been up in a wheel chair 

Films of the chest taken on December 14 showed a few calcifieal tubercles 
but no other pathologic change. The patient was discharged from tlie hospital 
oil Januao 6, the forty-fourth postoperative da>, with no residual paralysis 
He has remained well since that time 

Comment — The importance of the Queckensteclt test is evident m 
this case, and had it been employed it might hav^e led to earlier diagnosis 
and operative intervention The danger of meningitis following the 
injudicious use of lumbar puncture in such a case is evident Rosamond ^ 
and Mixter and Smitliwick® each reported a case m which recovery 
followed the development of such a complication Most authors agree 
that packing the wound wide open is the preferable method of drainage 
and that without such drainage reopening of the wound has been 
necessary Although in this case such packing was not carried out and 
closure for that reason probably took place more rapidly, the former 
method is undoubtedly safer and is preferable The use of staphylococcus 
bacteriophage and sulfapyndine therapy may have been helpful, but this 
factor IS difficult to evaluate 

7 Rosamond, E Epidural Abscess Complicated by Staphylococcus Meningitis 
Report of Case with Complete Recovery Following Operation, J Pediat 1 230 
(Aug) 1932 

8 Mixter, W J , and Smithwick, R H Acute Intraspinal Epidural Abscess 
New England J Med 207 126 (July 21) 1932 
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CASh. 2 — Acute iJUiastatiL lumbar epidural abscess saoudarv to a funiiuU 
of the left cheek, infecting organism, Staph aureus, hemolytic type, lammectomx, 
diainage of abscess, recovery 

K R , a Syrian boy aged ZYz years, was admitted to the Children's Hospital 
Dec 12, 1939, with the history of development of a furuncle of tlie left cheek 
about two weeks previously Some two days later he fell on his back, and he 
complained rather constantly of pain in the lumbar region thereafter He was 
taken to his family physician, who obtained normal-appearing roentgenograms of 
the lumbar region About three days prior to hospitalization he complained of 
pain in his left thigh and knee, which seemed to become progressively worse. 
He kept his left leg flexed No difficulty with vesical or rectal control w’as noted. 
He seemed rather feverish and irritable 

The family history was unimportant except that his mother had died tour houTi 
after his birtli His father was living and well The patient had had no childhood 
diseases, and his development as recorded was quite normal 

He was seen in neurosurgical consultation on tlie evening of December 14 
He appeared well developed and well nourished He weighed 35 pounds (IS 9 g) 
He was irritable and resented being examined His temperature was 101 F ut 
had been 104 F on admission The pulse rate was 140 and the respiraton^ ra e 
24 He was clear mentally but obviously ill Stiffness of the neck Avas e^n ento^ 
forward movement of the head The ear drums were intact, as was 
septum Noticeable on the left cheek was a partially healed funin e 
was no cervical adenopathy, and nothing unusual was discovered in 
lungs or abdomen The left leg remained flexed, and palpation over 
portion of the spine caused considerable pain No attempt was ma e o 
the cranial nerves, but from a superficial investigation nothing unusu 
discovered The Kermg sign was strongly positive bilaterally 
irritable condition and the fact that he had been exammed several times p 
a complete neurologic examination was not carried out ^ pel\i>, 

Roentgenograms of the lumbodorsal portion of the spine hemoglobin 

taken on admission, showed no pathologic changes The value or 
was 65 per cent, the erythrocytes numbered 3,400,000 and the e ^Hjunmi 
per cubic centimeters of blood The urine gave negative reaction^^ 
sugar and acetone, and microscopically no casts or erythrocytes w and 

sermann and Kahn tests of the blood on admission gave nega 
culture of blood taken on December 14 produced no growth a ter ^ l^nibar 
On the afternoon of December 14, Dr G M Jorgenson attei 
puncture at the level of the third and fourth lumbar 1 cc oi 

obtained at the fourth interspace, but when the third was cultur‘d 

thick, yellowish pus was liberated by aspiration, the 

proved to contain Staph aureus of the hemolytic type u nictastati^ 

examination and results of lumbar puncture the diagnosis ot a 
lumbar epidural abscess was made, and laminectomy \\ as a \ i ancsthc^i^ 

With the patient under avertin with amylene laniina 

lumbar laminectomy with removal of the first to the j ,ji pockets 

was performed that evening Thick, yellowish pus was h ^pper 

the dura from the first lumbar segment of tlie spine to t le^^ ^^pidur^ 

bacral region The dura was not tom Although it was ^ tlie 

abscess might have extended a few laminas higher, culture was ta^cl 

condition no additional laminas were removed ^lateria htiuohtie t'i'- 

trom the epidural abscess and later >ielded Staph aureus 



Rnnyns--M£r iST inc spiw \l lpidvk \l insci m 


\ large Penrose dram wab inserted over the dun md IuoukIu out lliroUKh tlie 
lower margin of the wound The wound was then closed with cliroime and phin 
catgut, and the cutaneous incision was loosel> closed with inlerruiited black silk 
sutures Because of the mfeH:lion, \asculanl> was more noticeable thin usu il 
tliroughout the procedure During the operation the ehild was giwn i ir uisfu>i«m 
of 300 cc of citrated blood 

On December 14 the patient was given 5 2 ce oi i 30 per eeiit "ulution oi 
sodium sulfap> ridine mtramiiscularlv , and, with the e\ceptiou of 3 ee (Jii December 
17 and 18 he was given a similar amount dail> there ifier until DeeeinlKr 19 
\t this tune 7 grains (0 45 Gm ) ol suliap>ndme vv is given four times dail> 
by mouth until December 24, when its use vv is diseoiUiiuied This maintained 
the level of sulfap>ndme between 5 and 8 mg tier hundred Centimeters oi blood 
On December 18 the hemoglobin was o9 per eent, the er>thr(>e>te etnint w is 
3,610,000 and the leukoc>te count 26,100 per cubic millimeter, with iS(> per eent 
neutrophils Bj December 28 the leukoc>te count had fallen to 10,800, md b> 
January 3, 1940, to 7,000 per cubic millimeter \t this time the value for heino 
globin was 70 per cent, and the er>throc>tes luimbereal 3 750,000 per cubic milli- 
meter The patient made a satisfactor> recover} without evidence ol re^lduaI 
weakness Because he lived out of the eitv, he rein lined m the hospit il until 
the wound closed completelv This occurred on Januar> 24 He has been (piite 
well since that time 

Conunoit — Fortunatel}, when pus was obtained on luinbai puncture, 
the diagnosis was suspected and confinned by kuninecloiny [lerfonned 
as soon as arrangements could be made The value ol sueh e irlv 
diagnosis and lammectom} would again seem mdieated 

GENLRAL COMMl^ NT 

htiology — It is generally believed that abscesses ol the epiduial 
space occur either b} extension from a contiguous infection or b} 
metastasis from a distant focus The larger group, composed of abscesses 
of hematogenous origin, is more interesting and presents a more difficult 
problem in diagnosis 

According to Band) the tatty and loose areolar tissue filling the 
epidural space offers a toothold for current hematogenous infections, 
and the mtraspinal location of these tissues makes trauma an important 
inciting agent m their development It is generally believed that the 
metastasis of the infectious variety is to the epidural fat On the other 
hand, Browder and IMeyers ^ have expressed the view that the 
hematogenous variety metastasizes to the vertebrae, whence it spreads 
into the epidural space The explanation of localization iii the epidural 
space without similar hematogenous involvement elsewhere and the 
reason for the infrequent occurrence of such epidural abscesses with 
furunculosis so common are neither easily explained nor easily under- 
stood 

9 Dandy, W E Abscesses and Inflammatory Tumors in the Spinal Epidural 
Space, >\rch Surg 13 477 (Oct) 1926 



1000 


ARCHIVES OF SURGERY 


The striking feature about the pathologic picture of such an abscess 
- hat It occurs between the dura and the peLsteui^ 

tha 'm n Posteriorly This is explained by the fact 

sot'e il J '"f of the^pidural 

nner half acting as the dura proper and the outer half serving as the 
periosteum of the vertebrae, with the epidural space beUveen tlie hvo 
erior y t ns space consists of a layer of fat, connective tissue and 
arterial and venous plexuses This space is present only dorsal to the 
ye attachments, because ventrally the dura is everywhere dosely 
app le to the bones of the vertebrae and their ligaments Below the 
second sacral bony segment, however, the epidural space surrounds the 
ura on all sides The lumbar and thoracic regions are the most common 
ocations for these abscesses, which is explained by the fact that the 
space IS only potential in the cervical area Below the seventh cenncai 
vertebra the space gradually deepens, attaining a depth of 05 to 0 75 
cm below the fourth and eighth dorsal vertebrae, after which it again 
tapers and becomes shallow below the eleventh thoracic and the second 
lumbar vertebrae Over the remaining lumbar vertebrae and the first 
and second sacral vertebrae, the epidural space attains its greatest depth 

Interestingly, with few exceptions the pyogemc organism associated 
Avith spinal epidural infections has been the staphylococcus Only rarely 
has the pneumococcus been the infecting orgamsm, and invariably it 
has proA ed fatal ° A few cases of streptococac infections have been 
described, and Raymond and Sicard reported a case ot infection with 
the typhoid bacillus 

Between the two extremes of the acute and- chronic fonns of tlie 
disease there occurs a wide variation m the amount of pus and granula- 
tion tissue present Pus may be found to extend from the lower cenical 
to the lumbar region with no granulation tissue evident, while, on the 
other hand, the granuloma may be the only evidence of a clironic 
infection The spinal cord is either normal or edematous m appearance 
In some instances the cord shows microscopic changes similar to those 
produced by experimental pressure myelitis According to Eisberg an 
Hassin such changes are not merely pressure degeneration but are 
the result of local obstruction of the circulation of the cord and to^eull3 

^ ^^yrnond, F , and Sicard, J A fipidunte purulente lombaire a bac 
dEberthe dans la convalescence d'une fidvre typhoide, paraplegic, ponction 
baire, lammectomie , gu4nson, Bull et mem Soc m^d d. hop de Pans 
1905 

11 Eisberg, A E Surgery of the Spinal Cord, m 
Living Surgery, New York, Thomas Nelson & Sons, 1927, vol 2. P J 
G B Circumscnbed Suppurative (Non-Tufaerculous) Pen-Pachymeningi s ^ 
topathologic Study of a Case, Arch Neurol & Psychiat 20 110 Uu‘>l 
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Diagnosis — \lthough there is variation in the symptoms depending 
on the location ot the abscess, the history m these cases is rather uniform 
Usually the story of some previous infection, often furunculosi'j, can be 
obtained, and the lesion may exist at the time of onset of tlie neurologic 
symptoms, although in most cases it has subsided Commonly within 
the first two weeks but at least during the first two or three months after 
such an infection, the patient complains of a boring pain in llie spine, 
ordinarily limited to an area corresponding to one or two \ertebrae 
Usually the pain is constant and is accentuated by coughing, straining 
or any movement of the spine, and frectuently it is associated with local 
tenderness Localized swelling may or may not be present Often the 
disease assumes the character of a se\erc toxemia, with noticeable malaise 
and complaints of chilly sensations, headache, generalized myalgia, 
feverishness and sweating The temperature ma) \ary between 101 
and 104 F and soon establishes a septic curve, with morning remissions 
There is also leukocytosis, with a polymorphonuclear leukocyte count of 
12,000 to 25,000 per cubic millimeter Often culture of the blood >ields 
bacteria Neurologic signs become evident during the appearance of 
these toxic symptoms A radicular type of pain resulting from m\olve- 
ment of the dorsal nerve roots by the advancing infectious process is a 
distinctive symptom at this time Depending on the segmental location 
of the abscess, these root pains may radiate from the back to the front 
of the chest, to the front of the abdomen or around the pelvis and down 
the thighs The spine and neck become rigid, and flexion of the neck 
on the chest is painful Extreme tenderness of the spinous processes 
over the affected area as well as spasm of the adjacent muscles of the 
back is elicited on examination Stiffness of the neck and bilaterally 
positive Kermg signs are ordinarily noted When the abscess is in 
the lumbar region, the Kemig signs are extreme and the cervical stiffness 
slight 

Such are the early signs, and, if the condition is untreated, either 
gradual or sudden evidence of involvement of the cord becomes apparent, 
with paraplegia, sphinctenc disturbance and sensory loss As the abscess 
advances up the space, an advance of sensory loss and paralysis will be 
noted When the abscess is m the lumbar region paraplegia becomes 
manifest more slowly than when it is m the dorsal area, because at 
the higher levels pressure is exerted on the cord, while m the lumbar 
region pressure is exerted on the cauda equina 

Although they admittedly increase the hazards to the patient, lumbar 
puncture and a Queckenstedt test are essential to confirm the diagnosis 
When the abscess is in the lumbar region, the danger of initiating 
meningitis by means of spinal puncture is obvious On the other hand, 
the lumbar space is over 1 cm in depth and is distended with pus, so 



1002 


ARCHIl ES or SLRCERY 


that a loutme puncture is apt to enter this space onh and e\acuate pus 
It ib geneialh believed that the danger from a proi>erly performed 
lumbar puncture is less than that which occurs from a dela\ in 
estabhshmsr the diagnosis because ot fear of producing meningitis It 
the possibility of an epidural abscess is unappreciated, a diagnosis ot 
purulent meningitis may be suggested when pus escapes trom the needle 
V cisteinal puncture will dispel any doubt If the condition is suspected, 
asi)iiation should be made on the needle during the puncture Thoracit 
epidural abscesess produce early block, and Froin’s syndrome is com 
nionh piesent 

Pioqnosis ami Ti eatment —As has been emphasized, almost men 
pat.cnt with an undiagnosed and surgically untreated condition o tiis 
kind In^ died The prognosis depends on early diagnosis, lammectonn 
and diaimire W hen these have been achieved, the chances 
ippeii tacnrahle It the diagnosis is established after para)sis 
ot.cirr(d in a uiiK is the prognosis grace but, should laminedon \ 
to ind relief of pain, residual paralysis usuall} i 

how iiuml. calue the use of bacteriophage may ha\e as an a ^ 
thet iptutiL measure remains controc ersial In most cases 
,id\ isahlc to emplo} sulfap3Widine 


SUMMARY AND CONCLUSIO^S 

Two cases ot acute metastatic lumbar epidural abscess \ 

Ik tore ecidence of compression had set in and with coup 
ait reported In 

Miscesses of the epidural space are believed to ^ distant 

extension from a contiguous infection or by ongni 

tocus The larger, more interesting group, that of aeina » alniost 
presents a more difficult problem in diagnosis epidural spao- 

alwa)S occur posteriorly This is due to the tact that central!' tla 

is jiresent onh dorsally to the nerve attachments, yertebrae am! 

dura is ecenwdiere closely attached to the bones o . ^ coimi'on 
their ligaments The lumbar and thoracic regions are 
locations for the abscesses, the epidural space being ar^ tla 

and onh potential m the cervical region i.tapln!'^'-'^'*'''" 

pcogenic organism associated with these infections is on 

Although there is variation in the s}mptoinb, Pit -tor' 

location of the abscess, the history is rather unitoriii olitam'-'^ 

ot some pre\ious infection, such as furunculosis, ipltctio” t!"- 

Commonl) within the first few w'eeks following l,\ stn"'"’-' 

patient complains of a boring pam in the spine, acce ^ ^^^^11111 
or mo\ement The disease assumes the character tPt '! '' 

te\er and h\perleukoc\tosis Radicular pain hecoin 
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and neck are rigid, and the Kcrnig bign ib pobiluc Extreme leiukriiess 
of the spinous processcb o\er the allecled area as well ab spasm of the 
adjacent back muscles is elieited on exammation Either gradually or 
suddenly thereafter, eMdenee ot iiuohement ot the cord becomes 
apparent, wnth paraplegia, bphinetei le disturbanee and sensor} loss A 
lumbar puncture and a Queckenstedt test ire esbential to confirm the 
diagnosis When the infeetion is in the lumbir region the spinal 
puncture is apt to c%acuite pus, and care mubt be taken not to mitnte 
meningitis Ihe thoracic epidural ahsceb^es produce earh block, md 
Fromms syndrome is commonly prcbcnt 

With tew^ exceptioiib e\er} patient with an undi ignosed and surgically 
untreated abscess ot this type has died Ihe prognosis depends largcl} 
on early diagnosis, laminectomy and drainage It these are achieved 
the chances for recovery at least arc hopeful Should the diagnosis be 
established after complete paral}bib has set in, lamineetom) may lead 
to recovery and relief of pain but seldom leads to return of function 
of the affected muscles 



A SOLUBLE ROD AS AN AID TO VASCULAR 

ANASTOMOSIS 

AN experimental STUDY 

SIDNEY SMITH M S 

CHICAGO 

suturing severed blood vessels has been established 
} auto-hetero and devitalized vascular transplant work of Carrel 
^ uthrie and has been confirmed by others “ However, the Carrel- 
ut rie technic of end to end anastomosis presents technical difficulties 
iich have discouraged its use except by the surgeon with speaal 

It IS evident that intravascular thrombosis is the primary factor to 
^ guarded against in vascular anastomosis Local thrombosis is 
accelerated by liberation of thromboplastic substance, which, to a large 
egree, parallels the amount of real trauma to the intima of vessels The 
precautions to be observed, therefore, are 1 Minimize trauma to the 
vessels, especially to the intima, by delicate handling 2 Use sutures 
treated with liquid petrolatum or olive oil (platelets are less apt to stick to 
oiLsoaked sutures ),3 and expose a minimum of the suture material to 
t e blood stream 3 Minimize constriction of the lumen at the site of 
suture so that, b}^ Venturi action, an increased number of platelets are 
not brought in contact with the exposed parts of the sutures 

I have eliminated the three stay sutures and further simplified tht 
technic of Carrel and Guthrie so that I think that it may be applied to 
re atively small arteries The technic is based on use of a soluble rod 
ntroduced into the lumen of the severed vessel, so that the mechaiuca 
01 m facilitates the proper approximation and suturing of the ends oi 
t e vessel, m much the same manner that use of a wooden egg facilitate:) 
mending a stocking 


METHOD OF PRODUCING 
Soluble rods of various diameters may be prepared, with observance ^ , 
earn as follows Dextrose is heated slowly to 160 C The 

mclized^ hquid IS poured (or sucked) into sterile rubber tube^ rangn 

1 and Guthrie, C C Surg, Gynec S. Obbt H uj> 

2 Klotz, O , Permar, H H , and Guthrie, C C Ann Surg 78 0. ^-^ 

T , *5!. ^ ^ End-Results of Arterial Restitution with Devitahzt- 
J A 73 186-187 (July 19) 1919 

I Textbook of Experimental Surgery, Baltimore, 

ood \ Company, 1937, p 396 
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inside diameter from 2 nun to 3 mni The filled IuIks ire llicii cut itUo sckuruis 
3 cm long These segments are dropped into ether (or i lew minutes The 
rubber softens and swells, permuting the de\trosL rod to l>e shpjied out of the rubber 
mold with case The rods arc then eoitcd with some suhstaiiee that will serve to 
protect the intiina from the dch>dratmg aeiion of the dextrose bueh a substance 
may be gelatin (3 per cent solution) or an oil which is lujuid at lx)d> temjier Uure 
If gelatin is used, it must be made up in a solvent whicli is reliiive!> noiisolveiit 
for dextrose Dodeconvl alcohol Serves this purpose 

The rods niaj be fastened to needles winch serve as handles and dipped 
repeatcdl> into warm, sterile gelatin solution until a tairl> uniform coaling of 
gelatin is obtained The rods are then fastened by means of the handle of the 
needle to a sterile cork plate m a vacuum desicealor \ parlnl vacuum is created 
The gelatin coat dries in two to three da>s 

An alternate and simpler method, more recenllv used, is to coat the rods with 
an oil which, in the amounts used (0 02 cc), proba!)l> presents no i»r ictic d 
dangers from oil emboli for this purpose theobronn oil U S P (cocoa butler) 
IS blended with some other fat, with wax or witli parafiin (with a higher melting 
point) Theobroma oil U S P (75 per cent) and paraflui (25 per cent) (b> 
volume) produces a blend which luiucfies at bod> teintierature The rods ire 
dipped into sterile solution once, fastened immcdniel> to a sterile cork pi ite in a 
desiccator and stored until used 


TECHNIC OF DLOOD VESSEL SUTURL BV AID Ol SULUUI L UOD 

The vessel to be sutured is isolated from the surrounding tissue b\ 
packs moistened with wann physiologic solution of sodium chloride 
The adventitial coat is stripped back from each end of the arter} for a 
distance of 1 cm The lumen is washed out with physiologic solution 
of sodium chloride and then with olive oil 

The continuous suture technic is used -\ftcr the first suture is 
placed but before it is tied, the soluble rod, corresponding m dnmeter 
to the lumen of the flaccid vessel, is inserted one-half its length into one 
end of the artery As the suture is being drawn tight preparatory to 
tying, the other end of the artery is worked over the protruding hah 
of the soluble rod The suture is then tied The free end of the thread 
IS trimmed off, and the continuous ‘'over and over" suture completes 
the anastomosis The continuous sutures are placed 1 mm apart and 
1 mm or less from the ends of the artery Mild tension is maintained 
on the thread during this process m order to prevent the sutures from 
loosening between each sewing maneuver The site of the anastomosis 
IS then held lightly between the thumb and the index finger while the 
proximal clamp is removed The rod goes into solution m the pulsating 
blood in one minute or less The peripheral clamp is then removed, 
reestablishing the circulation Some slight oozing of blood from the 
suture holes and from the area between the sutures occurs immediately 
on release of the clamps, but this bleeding subsides within a minute or 
two Pronounced bleeding caused by two sutures inadvertently placed 
too far apart mav be controlled by addition of a single interrupted suture 
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Alter the oozing has completely stopped, permanent reenforcement is 
obtained by suturing the arterial sheath securely around the artery at 
the site of the anastomosis Fifty-five experiments on 33 dogs were 
done Obviously, in developing the technic, failure due to the com- 
position of the rod and failure due to faulty surgical techmc must 
be considered However, after the technic had been established a higli 
percentage of success was realized 

DESCRIPTION 

The following description is based on observations of the last eight 
consecutive operations performed, using the carotid arteries of dOj,s 
ranging from a dog weighing 15 pounds (6 8 Kg ) to a dog weighiiio 
60 pounds (27 2 Kg ) The average weight was 30 pounds (13 6 Kg ) 
There was one failure (due to an occluding thrombus adherent 
suture line) m the case of a dog weighing 35 pounds (15 9 g) 
The 1 eniammg 7 expenments, or 86 5 per cent, were successtu 
examinations consisted of making an exploratory masion under 
precautions at the site of the anastomosis one week after operation o 
determine the functional patency of the vessel A second observa ^ 
followed from two weeks to a month later, at which time t e 
was killed and sections of the artery were taken for histolo^jic 

OBSERVATIONS AT EXPLORATORY OPERATION 

At the site of the anastomosis, that part of the fascial 
was sutured around the artery had in every instance become 
the artery and was highly vascularized The vessel was pa 
functioning as determined by palpation There were or 

leakage, hematomas, loose sutures or other evidence of 
breakdown of the conduit The vessel was pliable at the a 
tion When the vessel was opened at postmortem suture^ 

internal wall was glistening and healthy m appearance 
were covered with a semitransparent glistening membrane 
with the glistening internal wall of the vessel There was 
of constriction, dilatation or sacculation In only 1 ^ ^im 

a small but organized thrombus, which measured a ou 
diameter 

MICROSCOPIC examination 

1 SUtur*'^ 

The endothelium had proliferated across and thichenc'l 

and the line of anastomosis The endothelium was s ^^33 no 

at the site of anastomosis but was essentially norrna suture^ 

e\idence of intimal injury caused by the dextrose ro 
w ere encapsulated and surrounded by a few foreign o J 
muscle fibers of the media injured by the sutures '\ere 
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of repair or were coiiiplLlcl) rL[xiircd b} iibroblistit connccliNc tissue 
The adventitial layer had lused to the highh v iscul iri/ed hiscial she itli 
Essentially, from the functional standpoint and exeepting the eiieap- 
sulated sutures, the histologic picture was tint ot .in Kter\ which Ins 
never been operated on 

COM MCNT 

Although man} failures occurred during tliL de\elopinent il si igc of 
the technic, it is considered significant tint once the tcehnic was 
established, a high percentage of successes w is reili/ed 1-ong term 
studies were not undertaken, because the work of C irrel and Guthrie* 
adequatel} established the fact that once the thrombosis at the suture 
site IS eliminated by cndothelizalion of the suture line, the sutured irter\ 
IS subject to the usual functional history of the rest of the irtenal s\stem 
of the animal 

SUMMAR\ 

A new technic for simplifying \ascular anastomosis is described 
m which a soluble rod is introduced into the \essel to supph lueelnnical 
form and support during the suturing process 

The soluble rod dissolves promptl} fin one minute or less) in the 
blood stream after the circulation is remstituted 

Directions for preparing and storing these soluble rods are guen 
The modified Carrel and Guthrie tcchnic of blood \essel anastomosis 
with the aid of the soluble rod is described 

Histologic studies reveal no injuries of the intima attributable to 
the dextrose rod 

It is concluded that the soluble dextrose rod, covered with a thm 
film of oil or gelatin, is a practical aid in vascular anastomosis 

Dr A J Carlson, of tlic Unuersity of Chicago, and Dr Wilhs Potts, of Rush 
Medical College, gave assistance and crticism m this stud> Mr Edwin Smith 
assisted in the experimental opentions 



ACUTE PANCREATITIS 

AN ETIOLOGIC REVIEW AND REPORT OF THIRTY -FIVE CASES 
EDWARD F LEWISON, MD* 

BALTIMORE 

Sir Thomas Watson (1843), in one of his sdiolarly lectures, com- 
mented 'Tt may seem a slight to the pancreas to pass it o\er wtliout 
noticing the diseases to which it is subject But really these diseases 
appeal to be but few , and they do not signify their existence by any 
plain or intelligible signs ” In point of occurrence, acute pancreatitis is 
sufficiently uncommon to suffer from diagnostic imprudence, yet suffi- 
cient!} common to warrant the utmost diagnostic soliatude At 

o 

i^eth Israel Hospital between 1921 and 1939 there have been just o\er 
100,000 admissions Of this number, 33 were for acute pancreatitb, 
representing an incidence of 1 in every 3,000 This figure is similar 
to the incidence reported by other American investigators and rouglih 
I on esponds to the records of the Leeds General Infirmary in England, 
repoited by Chamberlain (1927) Acute pancreatitis is undoubtedl}f 
then, a rare but dangerous disease, and tlie widespread interest in tln^ 
subject can hardly be explained by the statistical inadence There b an 
o\ei increasing school of thought, however, which believes that acute 
pancreatitis is more chatoyant and perhaps milder and more pre\aleni 
frequently masquerading as bihar)^ colic, indigestion or peptic 
This trend ot thought is persuasive, and if the assumption is true it 
necessary to discipline carefully the laborator}^ and diagnostic data 
in so doing provide the means for a more consistently correct 
Sir Archibald Garrod’s aphonsm (1920) that 'Ue more 
bear the pancreas in mind as a possible seat of origin of obscure ab 
nal tioubles the less likely shall we be to oA^erlook its lesioiib i^ ^ 
ciall} true ot acute pancreatitis 

In this investigation of 35 cases of acute pancreatitis, one 
members ot the surgical staff gave me access to his personal reco 
the histones ot 2 patients who were treated surgically elseulier^ 

This report has been restricted to those cases in which the ^ 
ot acute pancreatitis has been either established or confinne " ^ ^ 

tue examination No cases of manifest chronic pancreatitis or^ 
pancreatitis secondar} to an unmistakable primary process 

EurnierK Fellow in Surgen, Beth Israel Hospital New 
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have been included Vculc paneruititib rc'.ultmg iruin peifuraUon ol i 
peptic ulcer into the parcnclunn of the paiicrcab ha‘> been prcLludcd 
from this study Records ol pancreatic calculi ln\e also been ruled out 
It has been found necessary at tunes to set up arbitrar} standards ol 
classification, but \\hene\er possible the surgeon s note h is been adhered 
to closely 

The diagnostic diffieullies associated with this disc ise are elearh 
evident in these 35 cases, in which the preoperaiue diagnosis was found 
to be correct in 11 per cent of the c ises in which iL was nnde without 
reservation \eute pancreatitis, however, was considered as an alterna- 
tive diagnosis in an additional 6 cases, resuliing in a parlialK correct 
reckoning m 17 per cent Ihis diagnostic error implies no lack of skill 
or acumen on the part of the sponsors of these opinions but is rather a 
reflection on the deceptive nature of the disease and perhaps on the loose 
liaison between certain clinical principles uul helpful laboratory data 
namel}, determinations of the enzyme content of the blood and of the 
urine Of these, estimation of the content of blood ani}lase and lipase 
has been recently reemphasized as a valuable, rapid and reliable diag- 
nostic aid w^hen used within its limitations 

This lack of diagnostic uniformity finds ample \ indication in the 
writings of most investigators Von Schmieden and Sebening (1927), 
in reviewing 1,510 cases in their collected series, found that a correct 
diagnosis was made in only 21 8 per cent and a suspected or alternatue 
diagnosis in an additional 17 5 per cent McWhorter (1932), in report- 
ing 64 cases collected from the records of members of the Cliicago 
Surgical Society, found that a correct diagnosis was made in only 12 per 
cent Similarly, more recent authors have found the diagnosis propor- 
tionately elusive Confusion with diseases of the gallbladder was fre- 
quent in this series of cases, as well as in the reported observations 
elsewhere This is indeed a challenge to diagnostic precision in handling 
a disease associated with such an appalling niortalitv and must certainlv 
stimulate interest in all of the complex factors of this perplexing problem 

PATHOGENESIS 

The protean manifestations of acute pancreatitis are best explained, 
at least in part, by the varied factors in the pathogenesis of the disease 
Despite the general attention that it has attracted, the nature and cause 
of this lesion remain doubtful There exists an extensive experimental 
and climcal literature concerning the manner of origin of acute pancre- 
atitis, and some believe that operation is only a fairly adequate type of 
treatment Dragstedt, Raymond and Ellis ( 1934) suggested that ‘fit is 
possible that the limit has been reached in the way of operative procedure, 
and that a further lowering of the excessive mortality must come from 
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another direction The fact that the pancreas is an organ indispensable to 
life, the fact that it is situated in the upper part of the abdomen m dose 
proximity to the extensi\e celiac nerve plexus, and the fact that it is in a 
region where the absorption of toxic chemical products occurs with 
unusual facility operate to limit the scope of surgical treatment ” 

Many classifications of acute pancreatitis have been described since 
the first was proposed by Reginald Fitz m 1889 Before him, Klebs 
(1870) had lecognized acute pancreatitis as a cause of “fulminant death” 
and stiessed its pathologic importance Claude Bernard (1856) reported 
the production of experimental acute pancreatitis and the early death of 
the animals following the injection of bile and olive oil into the pancreatic 
duct Rokitansky (1863) carefully recorded the pathologic appearance 
of acute pancreatitis, and in his textbook on pathology these observations 
weie available to Friedreich (1878), who later published the first well 
defined and complete description of this disease 

At the turn of the century medical interest seemed focused on diseases 
of the panel eas The history and development of knowledge of pan 
creatitis at that time can be traced m the detailed and comprehensive 
monographs of Korte (1898), Oser (1898), Mayo-Robson and Moyni- 
han ( 1903) and Opie (1903) The now famous necropsy of Opie (1901). 
in which he first described the presence of an impacted stone at the 
ampulla of Vater and carefully pointed out its relation to acute pan 
creatitis, is legendary in the annals of medical history Later, Brocq 
(1926), in a distinguished paper, divided pancreatitis mto two types 
(1) noninfected and (2) infected Acute hemorrhagic, acute edcina^ 
tous and subacute manifestations of the disease were considered ^79^ 
noninfected pancreatitis The gangrenous and suppurative maiules 


tions were considered types of infected pancreatitis 

The term pancreatitis is m itself misleading, as the 
the pancreas is hardly similar to the gross or microscopic 
actenstic of inflammatory lesions elsewhere in the body Acute pane 
necrosis is, indeed, a more accurate and descriptive designation, u ^ 
honored precedent makes it difficult to impeach so well estabis^^^^^ 
term as pancreatitis In this paper the two terms will be use 
changeably 


ETIOLOGIC CLASSIFICATION 

McWhorter (1932) suggested a useful 2 ,Ucation 

creatitis on an etiologic basis With minor modifications this c as 
has been followed in this investigation 


A Infectious origin 

1 Invasion of the pancreas along the lymphatics 

2 In\asion of the pancreas from the blood stream 

3 Infection by extension along the pancreatic ducts ron 
or irom the bile duct*? 
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4 Infection by direct extension from intected foci 

5 Infection following activation of bacteria and their toxins in the 

normal gland 

6 Infection by bacterial invasion from adjacent altered viscera 

B Noninfectious origin 

1 Mechanical or obstructive 

(a) Stone in the common duct or in the ampulla of Vater 

(b) Spasm of the sphincter of Oddi 

(c) Edematous occlusion of the ampulla ot Vater 

(d) Metaplasia of the epitlielium of the pancreatic duct 

2 Chemical, activated pancreatic ferments resulting iroui 

(fl) Reflux of bile 

(&) Reflux of duodenal contents 

(c) Autolysis 

3 Degenerative changes in the pancreas 

(a) Changes secondary to benign or malignant tumors 

(b) Changes resulting from vascular degeneration or hemorrhage 

4 Trauma 

C A combination of two or more factors 

In following this orderly outline of the factois concerned in the 
pathogenesis of acute pancreatic necrosis, no attempt has been made to 
consider them separately or in the order of their importance In fact, as 
will be seen by their intimate coexistence, it is often impossible to single 
out the factors of major significance m an individual case 

A ACUTE PANCREATITIS OF INFECTIOUS ORIGIN 

The influence of bactena as a likely agent in the production of acute 
pancreatitis has been supported by considerable clinical and experimental 
evidence Evaluation of this evidence, however, is difficult, and conclu- 
sions drawn therefrom are consequently dangerous Von Schmieden and 
Sebening (1927) found bacteria present in the peritoneal exudate m 103 
cases of acute pancreatic necrosis and absent m the peritoneal exudate m 
84 similar cases Cultures of the bile yielded bacteria in 54 cases and 
were sterile in 40 cases of acute pancreatic necrosis Rehfuss and Nelson 
(1935), in reporting a collected senes of 4,395 cases of acute and chronic 
cholecystitis, found bactena present m the wall of the gallbladder in 60 
per cent of 1,306 cases and observed “positive bile cultures’’ in 30 per 
cent of 1,249 cases Yet, despite the evident presence of bactena m the 
biliary tract in these cases of cholecystitis, associated acute pancreatitis 
was not noted Truhart (1902) found bacteria present m the peritoneal 
fluid, the parenchyma of the pancreas or the foci of fat necroses m 37 of 
SO collected cases of acute pancreatitis In the remaining 43 cases all 
cultures were stenle However, bactena have been shown to be present 
m the uncoiitaminated pancreas of the normal experimental animal, and 
It lb likely that a similar situation may exist in man Tow er (1926) found 
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positive bacterial cultuies in 15 of 16 pancreatic biopsy specimens from 
normal dogs Bacteria were also regularly observed at autopsy in the 
peritoneal cavities of dogs subsequent to ligation of the blood vessels 
supplying the pancreas These results have been substantiated by Drag- 
stedt (1934) in a group of similar experiments, and he noted, rather 
surprisingly, that "all cultures taken from the necrosing pancreatic tissue 
of the dogs that died from autolysis of the pancreas yielded an organism 
very similar to, if not identical with, Cl welchii ” The predominance of 
this organism is not corroborated by the bacteriologic studies made in the 
operating room or at necropsy but, as has been suggested by Dragstedt, 
may be accounted for by its capaaty to overgrow other orgamsms 
Careful bacteriologic studies of acute pancreatic necrosis are smgu 
larly meager, but in those reported colon bacilli, staphylococci and 
streptococci have been the organisms most frequently cultured Perhaps 
the anaerobic bacteria are seldom found because seldom looked for, but 
even the prevalent Clostridium welchii, when specifically sought, is 
rarely cultured in cases of this disease 

In the series reported in this paper it is interesting to note that m 
case 35 there was a growth of hemolytic Staphylococcus albus m a 
of four separate cultures, the matenal for which was taken at operation 
from the gallbladder bile, the wall of the gallbladder, the common uc^ 
bile and (by aspiration) the pancreas Bacterial stains of material ro^ 
a cystic lymph node revealed no bacteria The patient showed 
operative evidence of infection or suppuration and had a rather . 
plicated convalescence The remainder of the cases were not rou ^ 
investigated, and the sporadic cultures that were made were or t 


part sterile 

Flexner (1900) carried out a large group of successfu 
in which he was able to produce hemorrhagic lesions in tie p* 
injecting, among other things, bactenal suspensions ^ con 

pancreatic duct Hlava (1898) demonstrated a similar 
eluded that the hemorrhage and necrosis were not primari 
of bactenal action ^^3 jlr/ 

Bacterial invasion of the pancreas along the lymp 
suggested by Klippel and Lefas (1899) as a likely cause 
creatic necrosis Maugeret (1908) devoted her thesis cb” 

of mediane to the subject and attempted to produce 'h- 

cal and anatomic evidence in support of this mode ot pa ’ - • 

work of earher investigators, Sappey conimun 2 ' ' 

(1903) and others, had demonstrated the free lymp s-./ 

between the biliary tract and the pancreas Fran e ^ 

mg the lymphatics of the gallbladder with " j. ^lout u 
course to the celiac lymph glands and the lymp 
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of the pancreas Howe\er, he did not demonstrate that the injected 
material entered the substance of the pancreas The concept of the 
lymphogenous route of infection by extension from the gallbladder to 
the pancreas was given authoritative credence by Deaver (1921), Judd 
(1921), Arnsperger (1911) and, for a time, Graham (1922) From 
the experimental indications of the work of Kodama (1926), Graham 
(1928) modified his earlier conclusions to conform with the evidence 
that there is no direct lymphatic communication between the gallbladder 
and the parenchyma of the pancreas Clinically Deaver (1921) fre- 
quently found m his cases of disease of the gallbladder peripancreatitis 
with associated lymphangitis and lymphadenitis of the pancreas 

More recently, however, Kaufmann (1927) and Wangensteen 
(1931) have given convincing and rather conclusive evidence that acute 
pancreatitis is not propagated from the gallbladder to the pancreas 
through the lymphatics Wangensteen (1931) was unable to produce 
acute pancreatitis m dogs by the germination of an acute biliary tract 
infection Even direct injection of bacteria into the parenchyma of the 
pancreas failed to result m acute pancreatitis Kaufmann (1927) 
demonstrated that after an acute infection of the gallbladder produced 
in experimental animals it was not uncommon to find bacteria present in 
the pancreas, but bacteria could also be found as a result of bacteremia 
in the tissues of most of the organs of the body No pathologic evidence 
to suggest the presence of acute pancreatic necrosis was found in the 
animals 

Clinically acute pancreatitis seldom follows fulminant hyperacute 
cholecystitis but is more commonly associated with chronic cholecystitis 
Yet, if the lymphatic spread of infection from the gallbladder is of 
singular significance in the causation of acute pancreatitis, one would 
expect to find the acute phase of these diseases a concomitant occurrence 
of far greater frequency 

Bacterial invasion of the pancreas from the blood stream may produce 
acute pancreatic necrosis on rare occasions, either by metastatic foci in 
the presence of pyemia or by extension of infectious thrombophlebitis 
Experimentally, Rosenow (1921) found that streptococci isolated from 
the tonsillar crypts of patients who were suffering from disease of the 
biliary tract had an elective affinity for the gallbladder and pancreas 
when intravenously injected into animals Streptococci of unrelated 
strains showed no such localization Kaufmann (1927), however, 
injected bacteria directly into the portal vein and found that a generalized 
bacteremia resulted in which the organisms could be isolated from the 
pancreas and from almost all of the other body tissues as well Micro- 
scopic sections of the pancreas revealed low grade peri\ascular round 
cell infiltration 
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Blood-bonie metastatic lesions complicating mumps ha\e been 
observed by investigators for many years Brahdy and Scheffer (1931) 
leported 156 cases of clinically suggestive acute pancreatitis untreated 
by operation m 8,306 cases of epidemic parotitis Patients with mumps 
most often exemplify the acute edematous type of pancreatitis, and the 
transient attack may be of minor significance Two reported autopsies 
confirmed the association of acute pancreatitis and mumps, and an 
edematous, congested and enlarged pancreas was observed m both case- 
in 1 of them the pancreatitis was a contnbutory factor to acute nephritis 
and pulmonary congestion Farnam (1922) reported a case of acute 
pancreatitis following mumps m which the condition was treated 
surgically Streptococcus viridans was isolated from the pentoneal 
exudate Hematogenous acute pancreatitis secondary to an acute 
infectious disease, such as typhoid fever, scarlet fever or diphtlieria, u 
a rare complication and usually results in suppurative pancreatitis The 
clinical character of this t)rpe of pancreatic lesion is frequently le-:' 
severe than that of the hemorrhagic or the necrotic type, and tiie prOo 
nosis IS distinctly more hopeful Acute pancreatitis resulting roni 
bacterial invasion by an infective thrombus or from lodgment ot a" 
embolus is most infrequent, but when it is recognized the ^ 

found to be the site of either single or multiple abscesses 
(1935) discussed a case of multiple pancreatic abscesses 
suppurative portal phlebitis but noted absence of the clinical signs 
symptoms suggestive of acute pancreatitis 

In a careful examination of the 35 case histones present ^ 
report only 3 patients were found to have had an infection ot 
respiratory tract immediately prior to the onset of acute 
No further evidence to incnminate the more obvious oci o^ 
could be uncovered from these records or from the pro oc 

investigators uieiiU'^i’'-'* 

A history of alcoholism, acute or chronic, was either no ^ 
or not present in the records of all of the cases m this ij iJi 

and Tennant (1938), in reviewing 4,000 autopsies 33 u >• 

New Haven Hospital, found acute pancreatitis in 66 u 

associated with alcoholism, and, conversely, m 53 per cm ^ I'C 
of acute alcoholism this condition was associated wit 
The mode of action of alcohol m its relation to acute pane 

cpvpral uitcrt3UN:> t 

speculative , however, the authors mentionea sev !><. a ‘ 

logic considerations The role of alcohol alone ■ 

insignificant one, considering the almost universal ' 

yet the association of alcohol with one or more anci a ^ 

serves as a positive etiologic agent in a limited group 
acute pancreatic necrosis de\elops 



LEWISON— ACUTE PANCREATITIS 


1015 


Bacterial extension along the pancreatic ducts from either the 
duodenum or the bile ducts has often been shown experimentally to be 
an inciting agent in the causation of acute pancreatitis Egdahl (1907) 
noted clinically that in 32 of 105 cases of acute pancreatitis there were 
associated gastrointestinal disturbances which could be directly invoked 
in a causal relation Alcoholic duodenitis was said to be present m 17 
of these cases It is rather difficult to determine the manner of origin 
of these pancreatic lesions, although it has been suggested that they 
occur either by penetration of altered duodenal contents into the pan- 
creatic ducts or by direct extension through the intestinal wall Hess 
(1905) suggested that antiperistaltic movements of the intestine, which 
are frequently associated with ententis, may aid in forcing gastric or 
duodenal contents into the pancreatic ducts Anatomic evidence fails 
to support this point of view Regurgitation of duodenal contents is 
prevented by the oblique, valvehke entrance of the ampulla of Vater, 
which under increased mtraduodenal pressure serves to close the ampulla 
more effectively and prevent reflux It is true, however, that an 
anomalous or patulous papilla of Vater can produce a functional change 
sufficient to explain the occurrence of acute pancreatitis in rare cases 
Most experimental attempts to allure duodenal contents into the pan- 
creatic ducts have been unsuccessful Seidel (1910) established low 
duodenal obstruction followed by stasis, regurgitation and so-called acute 
pancreatic necrosis, but Dragstedt (1934) has challenged the evidence 
obtained in this experiment as incorrectly interpreted 

Von Schmieden and Sebening (1927) have collected 50 cases of 
invasion of the duct of Wirsung by ascandes with resultant acute pan- 
creatic necrosis This demonstration of the penetration of duodenal 
contents in the form of a round worm into the pancreatic duct is virtually 
self-evident proof that in certain cases acute pancreatic necrosis may be 
attributed to infection and irritation by this route 

Direct extension from infected foci has been held responsible for 
many lesions of the pancreas In innumerable cases so-called acute 
pancreatitis has been reported as resulting from penetration of a duodenal 
ulcer into the pancreatic parenchyma The pathologic mechanism of this 
process remains obscure, yet it is confidently regarded by some as a 
contiguous spread of infection from the adjacent gastrointestinal tract 
The activation of bacteria thought to be normally present m the 
pancreas has been given but passing consideration as a likely cause of 
acute pancreatitis However, Andrews, Rewbndge and Hrdina (1931) 
offered some vindication for this idea by investigating the role of Cl 
welchii in producing mtraperitoneal inflammatory lesions Using dogs, 
they concluded that the action of bile presumably aids in permitting 
local tissue permeability by Cl welchii This organism has also been 
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‘'>e. ,3 ,.o p.se,. ..e«e 
panel ealitis The i)rescncc of iLtln with acute 

panel eas may ]ct prove to be an parenchyma of the 

0 this dii^easc Dragstedt (1934) pathogenesis 

le role of bacteria m enhanciinr h associates have demonstrated 

trypsin The split protein end P^teoljtic power of the enzjine 

the pancreas and rcadih absorb ^ reaction, liberated within 

marked degree of toxeinia" e\-b 1 directly responsible for the 

Bacterial peimeabZ oT n P“s 

in the disease, even without hollow viscus may occur late 

clinically in cases of tvoIinTW ni’nhon This has been demonstrated 
peritonitis Should th^ resultant localized or generalized 

«« P=.ncreas, futot * fT"™' occur the regron .1 

“climax" such a die Pancreatitis may terminally confuse and 

confirm the result^ of ? , ^ was unable to 

ability in cases of acut ^ investigators regarding bacterial peme- 

occurs, if at all ver f ^stinal obstruction He found that penneabihh’ 

hardH be the ^ ^ ® ^he course of mechanical ileus and thus can 
-> tne source of a pancreatic infection 

r’-ANCREATITIS OF NONINFECTIOUS ORIGIN 

resultincr m n ^r, mechanical obstruction in the ampulla ot Vater, 
main pancreafTP ^ annel between the ductus choledochus and the 

hy Opie (1901) verified as a cause of acute pancreati^s 

creatic duct th Vi mechanism of the reflux of bile into the pan- 
of Vater is d ^ ^ ngency of an impacted gallstone in the ampulla 

First the ^ dependent on several fundamental considerations 

papilla of V junction of the ducts at their entrance into the 

a funrf-tnn ^ must be so arranged as to allow their conversion into 
lowino- n common channel by the presence of any one of the fob 
of if calculus, (2) biliary dyskinesia or (3) acute edema 

channel T"" "" the formation of a common 

comneiftnfi ^^tiessary to leam the relative ductal pressures to deteniime 
y m which direction the secretions will flow 

Vater 0903) measured the diverticulum of 

lowed fn r specimens and found 89 instances in which the tuo dnei- 
the leno-m ^ common opening Of these, there were 30 ni 
the dipm diverticulum was greater than 0 5 cm and 21 m "bit^ 

oartnl ^ ° diverticulum was greater than its length, thus mi 

BnM foiff orifice by a spherical stone obviousl} impo"’ 

Itr nTo^n^ - ^°mmon entrance ot the ducts m ^ 

, cases, and Ruge (1908) observed it in 75 cent ‘ 
cases, but Mann and Giordano (1923), working ■■•"I' 


will. 20’ 
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speciniens, concluded that ui only 3 5 per cent of the cabcs did the 
junction of the ducts permit development of a common channel by 
obstruction at the papilla Cameron and Noble (1924), however, intro- 
duced a small biliary stone into the ampulla of Vater m fresh autops) 
specimens and, by forcing fluid into the hepatic duct at a low pressure, 
noted that a reflux of bile into the pancreatic duct can anatomically occur 
in 66 per cent of normal specimens 

The literature records more than a few cases of acute ]>ancreatitis 
in which either the ducts had a separate duodenal opening or the duct 
of Santorini drained the major portion of the gland Under such circum- 
stances the theory ot the common channel offers no causal solution for 
acute pancreatitis, and other factors must best explain the pathogenesis 
in these cases Thus, although evidence regarding the anatomic 
plausibility of the theory of a common channel is conflicting, it is probable 
that in about half of all normal persons the morphologic structure of 
the biliary tract is such that a small gallstone might divert the bile into 
the pancreatic duct 

Archibald (1919) has experimentally supported the belief that 
biliary dyskinesia may convert the ducts into a common channel and 
that the sphincter of Oddi can withstand a pressure sufficient to allow 
reflux of bile into the pancreatic duct Animals under anesthesia were 
used m his work, but, more recently, confirmatory clinical evidence 
has accumulated to substantiate this visceral neuromuscular imbalance 
in man Wangensteen (1931) and his associates, using cats, mechani- 
cally closed the ampulla of Vater with a suture and noted the reflux 
of bile into the pancreatic duct by contraction of the gallbladder This 
produced acute pancreatitis in 50 per cent of the animals However, 
thev were unable to demonstrate any retrojection of bile without a 
mechanical obstruction at the papilla Wangensteen then concluded 
that the ‘‘possibility for such a reflux, however, obtains in a large per- 
centage of persons, and it is possible that such a reflux may be condi- 
tioned through a disturbance in the sphincter-regulating mechanism at 
the ampulla The actual occurrence of pancreatic necrosis through such 
an agency m man, however, remains to be demonstrated ” 

Reflux into the duct of Wirsung has recently been shown to occur 
during cholangiographic procedures in about 25 per cent of the cases 
This is not dependent on a stone at the ampulla but probably more often 
IS due to spasm of the sphincter of Oddi Yet Boyden (1937) has 
offered substantial anatomic evidence to show that closure of the pan- 
creatic duct is accomplished pnmarily through the layer of circular 
muscle which is common to both bile and pancreatic ducts The pro- 
duction of a common channel by spasm of the sphincter of Oddi would 
thus appear to be anatomically improbable even if physiologically pos- 
sible \n apparent common channel was clinically demonstrated in 
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case 9 of tile present senes, in which a bile-stained pancreas was observed 
at operation A biopsy siieciincn taken at the time failed to reveal biliary 
constituents within the pancieas 

In 1903 AYeinei suggested that edema of the ampulla of Vater might 
so deform its natural structure as to produce a common channel for 
pancreatic retrojection Balo and Ballon (1929) supported the pos- 
sibility ot such an occurrence and suggested that it might exist in asso- 
ciation with acute or chronic disease ot the biliary tract In their 
examination ot autopsy material they noted evidence of pancreatic 
retention due to obstiuction at the ampulla of Vater This obstruction 
was the result of the traumatic passage of a stone associated with an 
edematous occlusion or a late stricture or possibly the result ot a 
localized inflammation In a group of unpublished studies on serum 
amylase which is now in progress I have been able tentatively to 
confirm this CMdence of edematous obstruction and have correlated the 
results with operative or postmortem observations whenever possible 
The presence of a T tube draining the choledochus or the passage of a 
stone can so impinge on the pancreatic duct or (by edema) occlude it 
that the altered level of serum amylase will reflect the amount of 
obstruction of the pancreatic duct 

Should the anatomic arrangement be such as to permit a common 
channel between the bile and pancreatic ducts, the direction of t c 
secretory flow would, at least theoretically', depend on the indivi ua 
intraductal pressures Wolfer (1931) demonstrated that the 
pressure of the pancreas is greater than that of the liver and gallbla 
This relation has been confirmed by Dragstedt (1934) and 
ciates However, Dragstedt concluded that the free intraglan 
anastomoses between the ducts of Wirsung and Santorini, as c 
strated by Opie (1903), “make the secretory pressure of the 
ineffectual in the majority of cases The presence of bile 
stones in the dilated pancreatic duct in a case of j-e^ciii 

leported by Robins (1936) corroborates the data in case 9 o 
senes and would appear to establish the clinical possibility o 


rence of pancreatic reflux belie' <'4' 

In a facile and instructive study, Rich and Duff (1^ 
that the cause of acute pancreatic necrosis could be foun oi 

within the pancreas, carefully examined the microscopic 
150 consecutive autopsies Metaplasia of the pancreatic 
observed m 28 6 per cent of the routine sections nn"* 

of acute pancreatic necrosis, however, the routine sections 
fest ductal metaplasia in 55 per cent of the cases [IiO’' 

contended that metaplasia of the pancreatic ducts rtip’^*'^ 

secretory obstruction resulting, m turn, m a bac p 
of the ductal-acinar system of the pancreas TrypsiO' 



LLIVIS0N^4CUTC P4NCR£niri^ 


1019 


within the parenchyma of the gland, would then proceed to necrose 
the surrounding tissue and \esscl walls and, by cn/yinatic destruction, 
cause acute hemorrhagic pancreatitis The activation of trypsinogeii 
to trypsin was felt to be unnecessary, as similar vascular necroses could 
be experimentally produced by injection of purified trypsin 

Yotuyanagi (1937), on the contrary, in an exhaustive study of 
pancreatic metaplasia, found that it occurred noimally m the human 
being in at least 64 per cent of the specimens which he examined The 
metaplasia was a genuine epithelial proliferation, and he suggested a 
causal relation to vitamin A deficiency or, perhaps, local ductal stasis 
and irritation Tins conspicuous frequency of ductal metaplasia in the 
normal pancreas is inconsistent with the infrequency of acute pancreatic 
necrosis and Avould appear to conflict with the major premise of Rich 
and Duff 


Table 1 — Reported Incidence of Disease of the Biharv Tract Associated ivith 

Acute Pancreatitis 



Cases of 
Acute 
Pancrca 
titu 

Asso- 

ciated 

Chronic 

Oholc 

cystitis, 

per 

Cent 

Afiso 

dated 

Acute 

Chole 

cystitis 

per 

Cent 

Asfio 

elated 

Chole 

llthlaais 

per 

(jont 

Asso 

dated Asao 

Chole- dated I^ornial 

docho- AmpuUary Gall 

Uthlosls, Stones bladder 
per per per 

Cent (^nt Cent 

Schmieden andSebcnlng (1927) 

Col 
Icctcd 
1,278 per 
sonal, 

38 



Col 
lected 
70 vev 
sonal, 
81 

Col 
lected, 
13 0 per 
sonal 

40 

Col 

lected 

4 4 per 
sonal, 
20 


Gulelcc (1924) 

437 



59 

5 

14 


Egdahl (19W) 

lOo 



42 




Pallia and Plain (1930) 

26 

577 

15 4 

00 

8 

4 

209 

McWhorter (1932) 

64 

33 

22 

40 

8 

3 

30 

Present scries 

35 

70 

3 

80 

9 

3 

20 


The importance of the reflux theory of the causation of acute pan- 
creatitis is amplified by a consideration of the relation between chronic 
cholecystitis, cholelithiasis and acute pancreatitis Many years ago 
Korte (1898), Oser (1898) and Opie (1903) all called attention to the 
frequent association of acute pancreatitis with chronic disease of the 
gallbladder Table 1, showing the statistical frequency as collected from 
the literature, probably represents a certain underestimation, as the 
contents of the gallbladder and the biliary tract were doubtless over- 
looked in many instances These figures are so striking m bearing out 
the fact that the pathogenesis of acute pancreatitis is intimately related 
to biliary tract disease that additional clinical corroboration is scarcelv 
needed In case 15 of the present series the gallbladder was removed 
elcAcn years before the development of acute pancreatic necrosis, yet 
It IS difficult to be certain that the pancreatic lesion was not a residue 



1020 


U<CU!\ ES OP SURGERY 


of eailici cholecystitis Man) similar instances of persistent disease 
of the biluii) tiact have been reported m the literature As Wangen 
Steen (1931) has pointed out, the common denominator m the patho- 
genesis of iicute ixinereatie necrosis is the overwhelming preponderance 
ol assueiated disease ot the biliary tract Whether the mechanism of 
disease of the gallbladder predisposes to pancreatitis by way of intection, 
leflux of bile oi both lemanis uncertain, but these facts must nmv be 
eonsidcred m the light of newer experimental evidence ascribing impor- 
tance to en/ymatic autolysis of the pancreas 

Expel inients repeated o\ci a period of many years by many imos 
tigators ha\e show'u that a gieat variety of irritating substances will 
cause acute pancreatic necrosis wdien injected into the pancreatic duct 
The injection of bland substances, as was shown by Flexner and Pearce 
(1901) and Gulekc (1904 and 1908) wall not produce such necrosb 
The caieful w'oik ot Flexner (1906) demonstrated that the power o 
bile to cause jrancreatic lesions is attributable to the cytolytic properties 
of sodium taurocholate and other bile salts Diverting bile 
pancreatic duct is not only capable of pi oducing glandular necrosis, Uj 
as was demonstrated by Archibald (1929) and others, it is 
producing intense edema of the gland, which may or may not 
initial stage of a more extensive and fulminant process 
confirming the earlier work of Nordmann (1913), showed t at^ 
of infected bile produces acute pancreatic necrosis much mo 
tently than does injection of sterile bilc 

Polya (1912) and others found that injection of e\cr\ 

the pancreatic duct precipitated acute pancreatitis m 
expenmental attempt The conclusions drawn were o^v 
relating acute pancreatic necrosis to the proteolytic ac 
Criticism of this point of view has been ,,crhan 

Giordano (1923), Sailer and Speese (1908) and MeU 
all of whom expressed the belief that moderate amoun diaen'* 

irritating fluid injected into the duct under fjie deickP 

tiaumatize and rupture the ductal-acinar system, a\ 


ment ot acute pancreatitis . necrosis, beniof 

The exact relation of the pancreatic enzymes to ^ncreatiti^ u 
rhage and destruction of the gland incident to acu . Kicb 

present a problem Wangensteen and his 

Duff (1936) and Brocq and Morel ° at the ' 

experimentally that acute pancreatitis usual y prcssom ^ 

digestion, and they suggested that increased m r^^^ ^(.p^ates U'-h 
dated with acinar rupture probably liberates pancreatic ^ 
which, in turn, is the essential factor m pro 
Dragstedt (1934) and his associates, m a Drag=^^' 

ments, showed that this particular belief is un 
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expressed the opinion that the destruction of the pancreas is primanK 
the result of the toxic and cytolytic action of the bile salts, aided, to bt 
sure, by trypsin, which lemoves and digests away the surrounding pro- 
tective proteins This was neatly demonstrated in part by a senes ot 
window implant experiments, the living pancreas being exposed to the 
digestant action of duodenal contents m one group ot animals and to 
the action of gallbladder bile in another Acute pancreatic necrosis 
regularly developed in the latter group only 

Typical cases of acute pancreatitis with fat necrosis and pancreatic 
destruction may result from a traumatic injury to the abdomen or from 
degenerative vascular changes in the pancreas Pancreatic cysts or 
neoplasms, by their slow growth and compression of the pancreatic ducts, 
usually cause atrophy and fibrosis of the secretory acmi rather than acute 
pancreatitis, although this is not always so Case 6 of the present senes 
clearly demonstrates the production of traumatic pancreatitis A child 
7 years of age was struck by the fender of a passing automobile Minor 
external contusions were noted at the time of admission to the hospital, 
and at operation, three days later, the pancreas was found to be engorged 
and hemorrhagic, with numerous areas of fat necrosis 

In summanzmg the factors of importance which play a role m the 
production of acute pancreatitis, it becomes necessary at times to con- 
sider a combination of several factors, none of which acting individually 
IS capable of produang this disease Thus, the variable and inconstant 
results of experimental and clinical bactenologic studies readily indi- 
cate that infection alone is rarely a cardinal factor in the causation of 
acute pancreatitis but is rather a factor of secondary ingress and activity 
preying on already injured pancreatic tissue Anatomic and functional 
observations in the laboratory and the operating room, although con- 
flicting in certain respects, appear to be m general accord with the 
evidence favonng the reflux of bile into the pancreatic duct as an impor- 
tant primary etiologic agent The potent necrosing action of bile, the 
concomitant frequency of acute pancreatitis with disease of the biliary 
tract and stones and the digestant enzymatic power of the external 
secretion of the pancreas substantially endorse the common channel 
theory and the toxic action of bile in producing the disease 

In those cases in which the role of infection, bile or enzyme activity 
has been relegated to a place of minor import, other factors of patho- 
genesis, such as vascular injury, trauma or degenerative neoplastic 
changes, must be considered as a likely cause of acute pancreatic destruc- 
tion Dragstedt (1934), in a critical analysis of the subject, stated that 
undoubted cases have been reported m which each one of these factors 
1ms operated to produce an entirely characteristic picture of the disease 
Likewise, It has been possible to reproduce the disease m the expen- 
intnlal animal by practically any method that insures a sudden and 
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lairl} cvtensuc ncciossis of the pancreatic parenchyma” It must be 
concluded, therefore, that the bolution to the problem of the cause of 
acute paucreatitib ib not }et available, although it is apparent that not 
one but a conibinatiou and interplay of many factors may be responsible 
tor this perplexing disease 


PATHOLOGIC PICTURE 

1 he appearance of the pancreas varies most often in accordance with 
tour principal pathologic types of the disease observed either at opera 
tion or at necropsy The aspect of the gland at the time of examination 
may or may not represent a transient phase in the development of 
pancreatitis At present there is considerable uncertainty whether the 
milder types of this lesion merely represent earlier and less severe 
degrees of an orderly glandular destruction or whether they are distinct 
yet related pathologic entities Quick (1932) called attention 
m which he found edematous pancreatitis at operation and obsen 
extensive pancreatic necrosis at autopsy two days later Nevertheless) 
for the purpose of uniform nomenclature it is well to classify the our 
types as follows, regardless of the overlapping which probably occurs i 
most cases 

Type 1 Acute pancreatic edema, with or without fat necrosi!) 

Type 2 Acute hemorrhagic pancreatitis, with or without 

necrosis 

Type 3 Acute gangrenous or necrotic pancreatitis, wi 
out fat necrosis . . 

Type 4 Acute suppurative pancreatitis, with or wi 


necrosis 

In 2 cases ( 10 and 12) of the present series the 
tions illustrated the essential characteristics of pancreatic 
and necrosis as observed with types 2 and 3 There with 

areas of softening and necrosis of pancreatic parenchyma ui 

a lesser amount of hemorrhage and surrounded by n ^ pyj 

inflammatory reaction Tissue death en masse appeare from 

standing feature of acute necrotic pancreatitis, and tie ruacro' 

the altered to the normal parenchyma m the revealed 

scopic specimens was sharp Hemorrhagic pancrea i d 

gland to be dark red and markedly engorged ^ 
extravasated blood and fibrin predominated, ot !' *’ 

appeared to be secondary, followed by a minim pflo'v' 

morphonuclear cells Most of the remaining cell nuc ei 


others had completely disappeared , tut"- 

In cases 14 and 35 the pathologic 
pancreatitis with fat necrosis were exhibited j nv a ' 

the gland was markedly edematous and infiltrate 
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of mononuclear and polymorphonuclear cells Large accumulations of 
interacinar edema were observed There was glossy edema of the sur- 
rounding viscera, and no evident pancreatic hemorrhage or necrosis 
could be demonstrated The gland was considerably enlarged and dis- 
tinctly firm to palpation Twenty cases in the present senes, or 57 per 
cent, revealed bile-stained or blood-stained free peritoneal fluid at 
operation 

CLINICAL MANIFESTATIONS 

The value of hospital records m a collected series of cases such as 
this is only as reliable as the diligence and consideration given the 
anamnesis and physical examination Too often the diagnosis of acute 



Values for serum amylase m 4 cases of acute pancreatitis Case 35, described 
in the text, was a case of type 1 acute edematous pancreatitis with fat necrosis 
In cases A and B the pancreatitis was of types 3 and 4 respectively More com- 
plete amylase studies in these cases were not available. In case C a caranoma of 
the ampulla of Vater was resected Autopsy performed on the eighth postoper- 
ati\e day revealed subsiding localized pancreatitis and areas of fat necrosis Con- 
comitant values for blood sugar were within normal limits in every instance 

pancreatitis is not made because it is not thought of Such helpful 
questions as those concerning the exact character and localization of pain 
and Its sharply defined point of radiation are not infrequently neglected, 
partiality being shown to the more commonplace symptoms of the 'Tun- 
of-thc-mill acute gallbladder A statistical survey of the reported 
clinical records of other imestigators reveals a familiar lack of uni- 
formity, which, if It can be explained at all, is probably more apparent 
than real 
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IiiLtdotti — *\uUe pancreatitis may occur at almost ani a^'e 
authentic ca^c^ lia\ iii”' been reported m w Inch the patients were agd 
2 yoais and 77 }caic5, respectively, but in the present group 60 per cent 
ot the patients r\ere between 30 and 50 3 ears of age There seemed 
to be no predilection of inortaht}'’ for the aged or the young, but deaili 
was distributed uniformly through the middle-aged group 


Dtcadt 


Cases ol Acote Pancrtatito 


yirst 1 

facconJ D 

a hire 6 

ioiirth n 

i’ifth ^ 

Sixth 6 


Seventh 


Sev IncideuLC — Acute pancreatitis appears to be niore coniwon 
among women than among men, which is in accord inth its relation 
to disease of the gallbladder and obesit}' Fatalities occurred in 
proportion to the sexual incidence and seemed far more depen en 0^ 
the pathologic type of the disease than on either the age or t e se 



Males 

remafea 

Schnafeden and Sebening (1927) 

520 

32 

14 

**o 

8S0 

32 

iVIcWhorter (1932) 

12 

Fallls and Plain (1939) 

12 

Pelser (1902) 

iir 

c 

27 

Present series 

0 



Annual Incidence — ^The yearly incidence of acute paiicrea^ 
irregularly A larger number of cases was observed unn^ 
seven years than during the preceding twelve, but tns 
proportional to the increased number of admissions to 
There was no apparent seasonal preponderance, the cases 
distnbuted throughout the year 


Year 


1921 

1922 

1923 

1924 

1925 

1926 


Coses Year 

4 1927 

3 192S 

0 1929 

3 1930 

1 1931 

1 1932 


Cases 

0 ^ 

1 1931 

a 193a 

0 19S6 

1 1937 

1 193S 

5 inontlis of 1939 


Cti-f 

0 

9 


Gastrointestinal Histoiy — A past history ot 
noted in 71 per cent of the present series Ii^ but \ 

similar m character and locale to the viert rev" 

seventy Indigestion and rather vague abdomina * F"' 

m 37 per cent of the cases Complete free om^ p. 

gastrointestinal complaints was found m on y ^aai’ 

reference to the subject was omitted in 11 
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Pain Despite Us diverse etiologic and pathologic nature, acute 

pancreatitis constantly exhibits a sudden onset of rather severe pain 
Except for seveial cases of type 1 pancreatitis, in which the pain was 
insidious and mild, this was uniformly so in every instance Persistent 
epigastric pain was present m 57 per cent, pain in the upper part of 
the abdomen in 20 per cent, and pam in the right upper quadrant m 
20 per cent of the cases Pain in the left lower quadrant of the abdomen 
and precordial pam were each recorded on one occasion, although 
no apparent explanation for this localization was found at the time of 
operation 

Radiation of pain was noted as present in 74 per cent and absent in 
9 per cent of the cases The numerical incidence of the places to which 
the pam radiated occurred as follows back, 21, right shoulder, 3, 
interscapular region, 3 , left shoulder, 1, and umbilicus, 1 No indication 
of the exact point of radiation in the back was given 

Moymhan (1925) has given a picturesque clinical description of 
acute pancreatitis He described the pam of this formidable catastrophe 
to be by far the worst of all the pains that the human body can suffer 
This is undoubtedly true of the hemorrhagic and necrotic types of 
pancreatic lesions, but with the more benign acute edematous pan- 
creatitis a gnawing, burning pain of lesser intensity is frequently to be 
encountered 

Vomiting was present m 71 per cent of the cases as recorded in the 
tabulation Nausea appeared to be even more constant The abdominal 
signs, although persistently found, seemed to be variable in locale and 
seventy There was no direct relation between the degree of tender- 
ness and the type of pancreatic lesion Tenderness occurred m the 
epigastrium in 14 cases, across the upper part of the abdomen m 11 
cases and in the right upper abdominal quadrant m 7 cases Rigidity 
was present at the tune of the entrance examination in 60 per cent of 
the cases, and the point of maximum muscle spasm was usually the site 
of maximum tenderness In general, rigidity was not marked Jaundice 
was observed in 43 per cent of the cases Explanations of its origin are 
speculative, and the prognostic value of its presence is most uncertain 
The cyanosis described by Halsted (1901), a slate gray tinge most 
noticeable in the upper part of the body, was commented on m only 2 
cases Shock was noted in 3 instances A definitely palpable mass was 
felt m 3 cases, although several additional records noted a ^‘suggestive 
mass*’ observed by individual examiners The temperature on admis- 
sion IS indicated in the tabulation of cases The range of elevation of 
temperature appeared low and variable and unrelated to the prognosis 
The pulse taken at the same time corresponded with the temperature 
and was m general surprisingly low As was pointed out by Fallis 
and Plain (1939), this is at variance with the concept of shock, which 
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and this was in no way severe, e\en in the presence of the acute hemor- 
rhagic type of pancreatitis with considerable sangumotis peritoneal 
exudate 

Urinalysis — Examination of the urine showed albuminuria in a 
large proportion of the cases Glycosuria was relatively uncommon 
Casts and leukocytes were found occasionally but had little significance 
Chemical studies of the blood were carried out sporadically, and con- 
sequently were of little value Determinations of the amylase content 
of the blood, unne and feces were deficient in all cases except case 35, 
as the earlier methods and technic used were chemically questionable, 
and the results, expressed m unfamiliar units, were rather confusing 

DI \GNOSIS 

The diagnostic indications of acute pancreatitis fall into three mam 
groups In the first are the clinical signs and symptoms , in the second 
are changes in the external pancreatic secretion, and in the third are 
changes in the internal pancreatic secretion Results of roentgen 
examination m the diagnosis of pancreatic disease have thus far been 
barren A survey of the literature clearly indicates that the diagnosis 
of acute pancreatitis is correctly made more often at operation or at 
necropsy than at the bedside As has been mentioned, the diagnosis 
of acute pancreatitis was correctly made in only 11 per cent of the cases 
of this series It was suggested as an alternative diagnosis m an 
additional 17 per cent The preoperative impiession in 70 per cent of 
the cases was that of acute disease of the gallbladder Perforated peptic 
ulcer and acute appendicitis were considered as alternative diagnoses 
m 14 per cent and 10 per cent respectively 

Many ingenious tests of pancreatic function have been devised, each 
having Its adherents and each its critics who question its utility The 
eponymic tests of Cammidge and Loewi have been called esoteric by 
Coope (1927), who designated them as reactions of dubious foundation 
Attempts to determine pancreatic function by exammation of the feces 
and duodenal contents for enzymes have met with little success as 
practical diagnostic aids in cases of acute pancreatic disease However, 
since i^Iagendie (1846) first demonstrated the presence of amylase m 
blood serum there have been a considerable number of experimental 
and clinical data to recommend this test as a useful diagnostic adjuvant 
m cases of this condition The work of Elman (1931 and 1937) and 
mam otliers m Ainenca and abroad has shown a close correlation 
between the level of serum amylase and the coincident acute pathologic 
process in tlie pancreas The conflicting results obtained by earlier 
ni\ cstigators were probably due to a diflFerence m the methods of amylase 
dtlcrmmation and must not impugn the reliability of recent, more 
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imitoiiu Sunioijvi (lyiS) has i)oinlccI out the inherent 

\ iiiiictal)iiu\ ui (ihtLi muhtul^, and ho lias suggested a standard set of 
cuiuIiUun-> and .i rapid and practical procedure which, m principle, is 
intuch in accoid with the kincticb ol en/Miic chemistry 

Sc\cial hundred routine bcruni ain)]abc‘ determinations with a 
niodihed .Soinog\i icchine Inii snnil.ir i.l,UKlards have given convincing 
evidence that the normal level ot *nn}labe remains within constant limits 
m piaetieallv all tvpe^ ot disease except acute pancreatitis, m vvhidi there 
Is a sudden and siginlie.uii marked rise It has been my expenence that 
thvioul .mil heji.ilie thsease and diabetes may slightly lower the level 
ol serum annkise and that deere.ised timction of the kidney may cause 
l.nlme ot norm.il exeielion ot annlase, resulting m slight elevation of 
the value, hut in no eoiuhtion m which the clinical picture of an acute 
abdomen” (other th.m acute pancreatitis) was present was tlie lew 
of serum amylase so strikingly elevated It is true, however, that t s 
value usually reaches its peak within the first forty-eight hours o 
disease, and it may precipitoush return to normal again . 

next forty-eight hours, thus limiting the reliability^ of the test to t e © ^ 
stages of the attack Most clinical reports of serum 
agree that m all types of acute pancreatitis there is a signi 
rise, regardless ot the seventy ot the lesion My series o 
deteimmations of urinary amylase frequently showed ^ 
fluctuating within a wider range of individual variation, u 
corroborated the serum amylase level As yet I have a on ^ 
expenence with the diagnostic value of the serum 
enthusiastic reports of Comfort (1937) and of Cherry ^ 

(1932) are an incentive to investigate more extensiv y 
its clinical application Regardless of technical jnforu'a*'®” 

serum lipase and the serum amylase tests offer v u propcfl' 
m the diagnostic difficulty of acute pancreatitis, an 
evaluated with the clinical signs and symptoms, practical) 

of greater diagnostic accuracy and recognition ainylase te'^t 

all observers who have had experience with the serum g,^paii(l^’ 

it of genuine value indicates that its usefulness co ^ 

particularly if a conservative therapeutic attitu e 
Peritoneal tap was not performed m this senes of 
mended by some clinicians as a desirable pa 
armamentarium 


TREATMENT I'lPlJ) 

It was adequately demonstrated by Whipple and proce'l'"^*^ 

and by Cooke and Whipple (1918) that -j.gatic ntcro-'’ 

on animals with experimentally produced acute P ppd periw"^ 

contraindicated The products of pancreatic es 
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exudate are essentially innocuous, and attempts at surgical detergence 
were of no distinct benefit to the animals It was concluded from this 
that the power of pancreatic recuperation is greatest when the gland 
IS left undisturbed m a closed abdomen The general reaction and 
toxemia which may occur result from primary nonspecific cellular 
destruction of the pancreas and cannot be alleviated by operation 

Despite fifty years of surgical therapy, the high mortality of acute 
pancreatic necrosis remains disconcertingly unaltered The operations 
resorted to have shown great diversity Some surgeons favor immediate 
laparotomy, while others elect to defer operation There is apparently 
no optimum interval for pancreatic appeasement, and thus operation is 
performed mainly in keeping with the custom of the individual surgeon 
If the patient’s condition justifies operation, there is considerable 
vanation in the method or combination of methods The pancreas is 
drained most commonly by splitting the overlying peritoneum or by 
dissecting the parenchyma of the gland and removing the necrotic tissue 
Anatomically it is hoped that by incising the peritoneal covering of the 
pancreas its secretory tension will be relieved However, each individual 
pancreatic lobule is enclosed by a separate capsule of connective tissue, 
and in order to insure relief of tension it would be necessary to divide 
the sheath of each lobule separately The extensive nature of such a 
procedure is likely to cause more harm than good Biliary decompression 
IS accomplished by any one of several operations involving the gallbladder 
and common duct The general lack of uniformity in the types of 
surgical procedures performed has been pointed out by Cole (1938), 
who suggested that “the value of operation might be overemphasized, 
although it is undoubtedly true that different procedures would be 
indicated in different cases ” 

Until recently there was unanimity of opinion advocating the surgical 
therapy of acute pancreatitis Within the last few years, however, the 
critical reviews of several investigators have repudiated this concurrent 
belief and favored conservative treatment followed by interval operation 
if necessary Nordmann (1938), a surgeon who has devoted a lifelong 
interest to the study of acute pancreatitis, found, in a careful and objective 
analysis of the subject, that when the diagnosis of acute pancreatitis can 
be safely made the omission of any surgical procedure is mandatory 
His own case mortality fell from above 50 per cent to 24 per cent under 
a conservative regimen Those of his colleagues who resorted to this 
surgical nihilism found a similar response Walzel, Bernhard and 
Haberer found their respective mortality statistics more than halved by 
following this conserv^ative course of therapy Mikkelsen (1934) has 
fostered a Danish school of thought favoring expectant treatment in 
the care of this disease He reported a 7 5 per cent mortality in a 
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scuo oi .y) 111 which the patients were treated non 

''iii^ic.ilh , lolloucd 111 ic\cr,il ucekb h) interval operation when 
iiulic.Ucd hitl} pci cent of Iii6 jiaticnts were acutely ill at the time ot 
.uhnis^ion to the liospiiid \ttcr immediate operation his raortaliti 
''latistic'> wcie coiiMdcrahly hi^dier Wal/cl (1934) performed surgical 
c\ploi ilium in 30 “cmcigcnc\ cases” between 1926 and 1928, wth a 
ic''uU,ml nunialitv ui 87 per cent Between 1928 and 1934 he treated 
lO p.iticntb c(mNci\.iti\cl\. perlorming an interval operation only when 
thi^ wa'i indiCiitcd h\ associated disease ot the biliary tract, or a deferred 
operation lor well locah/cd siippuratne pancreatitis, with a resultant 
low nioii.ihiN ot 28 per cent 

It Is appaicnt iroin the htcrature that there is no agreement as to 
the coinparatiNc \alue ot operatue \ersus the conservative treatment ol 
acute piincreatiiis Bcc.uisc of the iiilrequent occurrence of this di^aso 
the iiiduidual surgeon has little opportunity to draw conclusions rom 
his ow u jiersonal theriipeutic experience , he must rely on the empin^ 
dicta ot distinguished surgeons wdio have decidedly influence 
v.icillatmg regimen ot treatment Such proniinent 
i\fc\\ hortci (1932), Fitmey (1933), Korte (1912), jp] 

Eliason and Xoith (1930), Woller (1926) and others 
earl} operation, whereas otheis equally 
Wangensteen (1932), Xordmann (1938) and Walzel (1 
1 ecomincndcd conser\ atn e treatment or interval operation 
In the present series 4 patients were treated 
emergencies” dm mg the hist twenty-tour hours ot t e 
a 50 pel cent mortality The 2 patients who died had acu 
of types 2 and 3 , the 2 wdio recovered had types 1 a 20 

patients w'ere operated on during the first week of i t\|>r * 

per cent mortality Of the latter group almost 50 aimf 

— acute edematous pancreatitis The 4 patients fb 

the first week of the disease iared still better, gj. cent, 
average mortality for all tv pes of the disease was oi 

rather a decided diminution from the gjgaths from 

other investigators A more careful study o ^ ^ j^ortalih 
difterent types of pancreatitis (table 3) indicates t a 3 , 

is directly dependent on the pathologic of the 

the type of acute pancreatitis The fact that du'-'’-'^ 

in the present series had the mild and less ^ niortahl^ 

IS at least a likely explanation of this estima e ° q,i bv 
The short span of postoperative life has been jp the ^ 

other investigators, and the question has be^ rais dr=t 

ability to withstand immediate operation fataiitm^ ' 

postoperative days was noted in 66 per cent 
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series Failure to rally or respond to postoperative therapy was men- 
tioned in tlie case histones and would appear to corroborate the behet 
that the added insult of emergency operation was more than the patient's 
condition warranted 

Table 5 indicates the operative procedures followed m the present 
senes of cases Incision and drainage of the pancreas in combination 


Table 3 Incidence and Mortality Rate of the Four Types of Acute Pancreatitis 


Type 1 
(Acuto 
Edematous 
pancreatitis) 

T>pc 2 
(Acute 

Hemorrhagic 

Pancreatitis) 

JL 

lype ^ 
(Acute 
^ccrotIc 
Pancreatitis) 

A . 

Tipo 4 
(Acuto 
Suppurative 
Pancreatitis) 

' IncI 

Mor 

Inci 

Mor 

Inci 

Mor 

Ind 

Mor 

dence, tallty, 

dence tallty, 

dence, tallty, 

dence, tallty, 

per 

per 

per 

per 

per 

per 

per 

per 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 


McWhorter (1932), cases 

Schmieden and Sobening (1927) 1 278 

28 

23 

42 

70 

11 

70 

19 

60 

cases* 

45 

34 

25 

04 

22 

CO 

S 

GO 

Abell (1038) 30 cases 

30 

0 

33 

60 

30 

44 

7 

0 

Present scries (1939), 35 cases 

54 

5 

14 

GO 

20 

22 

0 

0 


* Tho casea ol bebmieden and Scbenlng bave been trouped into this pathologic class! 
fiCQtlOD 


Table 4 — Statistics on the Reported Personal Series of Cases of Acute Pancreatitis 


^umber 

Mor 

tallty 


of 

per 

Observer 

Oases 

Cent 

1 Quick (1032) 

21 

3S 

2* Abell (1938) 

30 

30 

3 Walzel (1925-1923) 

30 

87 

4 Walzcl (1928*1034) 

45 

28 

6 Schmieden and Sebening 
(1027) 

38 


0 Mikkclson (1934) 

39 


7 Present scries (H E Isaacs) 

20 

15 


Comment 

Early operation cholecystectomy and chole 
doebostomy ■were tho procedures of cholco 

Early operation favored cholecystostomy and 
peritoneal drainage (Penrose) Tvere the prece- 
dnrcs of cbo/co 

Early operation In all cases 

ConservatI\e treatment or delayed operation 

Cholecystectomy and cboledochostomy were the 
procedures of cholco 

Oonservativo treatment delayed operation only 
when Indicated 

Cholecystectomy and Incision and drainage of 
the pancreas were tho procedures of choice 


with one or more ancillary measures were performed in 77 per cent 
of the cases In the remaining 23 per cent, in which the pancreas was 
not disturbed, there were no deaths Despite the obvious variety of 
operative procedures followed in this senes of cases, as well as in the 
personal cases previousl} reported by individual surgeons (table 4), 
the diverse mortality statistics signify that an ideal type of therapy for 




J„,_, i/v( nil I '' ni 'iURGCRV 

Uu h.U ... ..pa,,.....,, . 1 .. «' “"t;Las.Cd l«we 

,1 .L-I.tl ... 111.. 1 '™'-“’ nuaetowjid 

ihu.iin will uiul.iuhlulK l'«. iiu\cinu L oancreatic necrosis 

liaur .in'l and climca) d®. 

rq.!-..-.. .nl'l l'..l>.l f laJa *" 

niLiu prcx.ul lnH)r()\ul ai s now measura, 

lowanl luoic ctkcluc thorap}, whether i of sulfanilani« 5 e 

niudihecl >urmeal inca'^ureb or ehcinothcrapv pancreatitis is as yet 

oi Its dernatuc. a. an aid m tlie treatment of acute pane 
undonionst rated 

, ,/ . Present Senes of Cos» 

lAiiih. S-Op.raln. Pro.uluns 


ilor 

^uInt)er if 
ot 

Ca^s 


5 

4 

12 

2 

3 

3 

3 

1 

1 

1 


10 

25 

2j 

50 

0 

0 

0 

0 

0 


operation 

1 Cholec>stostoini and inci&lon and tlnduate of 

2 Incision and drulnute o£ the the pancreas 

3 Cbolec>stcctoin> and inOslou and and drainage o 

4 Cbolec>stcctoni>. apiundcctoinj und luciMon 

pancreas 

5 Cholec>stectoin> » nf the. 

G Cholecj stcctomy and cUoitdotliostoju) . pigjoa und drainage 

7 Choiccj stcctomi , cholcdochobtonii and oancreas 

pancreas , inniflloa and drainage of tne v 

8 Cholccystostomy, appcndcctom> and incisi 

G Cholccystostomy 
10 Laparotomy 

SU3.IMARY AND CONCLUSIONS , 

Acute pancreatitis is a dangerous ^^jagnostic aids, 

been overestimated Important labora acute pa’’ 

studies of the serum amylase and lipase, i thought ^ig 

may be milder and more prevalent t an ^jg demonstr”^^ 

A consideration of the factors o pa & organic t, seem 

nificant relation of acute pancreatic necros _ agents n' ^ 3 

functional disturbances of the biliary trac individnaUX ^^luoiog’” 

incapable of producing this disease when ac separate 

principal pathogenic role when combine e 

types of pancreatitis have been distinguished, p^^phylav 

individual attention regarding diagnosis, P & 

treatment ^^titis are 

Thirty-five operative cases of ^ g^t were of ^''P^p^mar 

mortality of 17 per cent Of these, ^ fy j.fje discas” p,.- 
edematous pancreatitis, a rather benign p ^yig upP^*^ P** Ia' 

tenderness, most often in the of 

abdomen, were constant clinical findings 
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vomiting and a past history of recurrent attacks similar to the present 
illness were noted frequently 

Incision and drainage of the pancreas combined with one or more 
ancillary procedures were performed m 77 per cent of the cases m the 
present series Beneficent experience in using the scrum amylase test 
as a helpful aid in diagnosis may tend to modif\ conservatively the 
future surgical treatment of acute pancreatitis 
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LYMPH IN EXPERIMENTAL BURNS 


GEORGE O WOOD, MD 

N VSIIVILLE, TENX 


Many studies have been made on the subject of toxin formation 
as a result of burns The fact that such abundant evidence botli for 
and against the formation and absorption of toxin has been collected 
attests to the difficulty of expei imentally proving or disproving its 
existence 

Most of the recent studies have been directed either toward demon- 
stration of a toxin in the blood of burned animals or toward its demon- 
stration in extract from the burned area itself Thus Robertson and 
Boyd ^ reported that they had found a toxin in the whole blood and in 
the cells of burned animals which was not present in the serum and that 
alcoholic extracts of burned skin proved toxic on injection into guinea 
pigs, whereas similar extracts of normal skin produced no toxic synip 
toms Their second study was repeated by Underhill and Kapsmow, 
who found that an alcoholic extract of normal skin was just as toMc 
as a similar extract of burned skin and concluded that the lethal factor 
in both cases was the alcohol Harrison and Blalock noted, ^ coiitran 
to the findings of Robertson and Boyd, that isotransplantation of burne 
skin had no effect on the recipient animal, that transfusion of bloo 
from burned to normal dogs produced no toxic symptoms, and t 
debridement of the burned area shortened the survival of burne an 
mals 

Harkins, Wilson and Stewart,'^ working with a protein-free 
of skin, demonstrated a depressor substance in both normal and nr* 
rabbit skin The depressor activity of the extract of burned s 
often less than that of the extract of normal skin Wilson, 
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Roxburgh and Stewart*" leportcd that the ultina fluid collected from 
burned areas m rabbits graduallj acquired toxic properties and when 
collected forty-eight houis after burning was frequentl) lethal to healthy 
animals of the same species Ihis action was independent of bacterial 
activity and seemed to be dependent on the autohsis of injured tissue 

In 1937, Rosenthal‘S leported the finding ol a substance in the blood 
of bunied shoats, pigs, guinea pigs and human beings which caused 
contraction ot the virgin guinea pig uterus It w'as at lirst hnhed wuth 
the red blood cells but was later found in the serum, and Us properties 
were sufficiently distinct from those of histamine to diltcrentiate it 
from that substance The serums of convalescent burned animals were 
found to have the power ot neutralizing the substance, but normal 
serum also had this action to a less marked extent Kinard and Martin," 
in studying the vasodepressor action of assay solutions prepared Irom 
the blood of normal and that of burned dogs by the Best and McHenry 
method, concluded that the \asodcpressor actiMty is not due to his- 
amine and that the increased \asodeprcssion produced by assay solu- 
tions of blood from burned dogs is accounted for bv the increased blood 
protein concentration due to loss of fluid They expressed the opinion 
that the vasodepressor action of the solutions may be due to a protein 
split product formed from the blood protein during preparation of the 
assay solution 

The subject of the absorption of substances from burned areas is 
also somewhat controversial Thus Underhill, Kapsmow and Fisk ** 
reported that after a short latent period the absorption of phenolsulfon- 
phthalein and strychnine from burned areas w^as much slower than 
under normal conditions and that substances such as trypan blue, when 
mjected intravenously, readily passed from the blood stream into the 
urned area but were not reabsorbed to any significant extent Thev 
suggested that the fluid shift in bums resulting from increased caplllar^ 
^rmeability is m one direction only, from the capillaries to the tissues 
Pa xton and Shoemaker " used this same experimental technic 

5 Wilson, W C , Jeffrey, J S , Roxburgh, A N , and Stewart, C P Toxin 
orniation m Burned Tissues, Brit J Surg 24 601-611, 1937 

Ne f S R, The Toxin of Burns, Ann Surg 106 111-117, 1937 

^ ization of Histamine and Burn Toxin, ibid 106 257-265, 1937 

Norl f ^ W , and Martin, F N Vasodepressor Activity of Blood of 
and Burned Dogs Criticism of ^Method, Am J M Sc 194 560-562, 1937 

of ^ ^ * Kapsmow, R., and Fisk, H E Studies in the Afechantsm 

abihtv T Animal Organism II Changes in Capillary Perme- 
y induced by a Superficial Burn, Am J Physiol 95 315-324, 1930 

katc ^ ^ " Paxton, P , and Shoemaker, H H A Comparison cf the 

193 ^ sorption from Normal and Burned Tissues Ann Int Med 9 850-853, 
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with sodium iodide and i eported that excretion of this substance m the 
urine was almost identical m the control and m the burned animals 

Moon/*^ in discussing tiaumatic toxemia as a cause of shock, stated 

Efforts have been made by the transfusion of blood and otherwise to demon 
strate poisonous substances in the blood of animals in shock The uniform)} nega- 
tive results of such experiments have been emphasized by some as invalidating tlie 
conception of traumatic toxemia Surgeons have made this objecUou more 
vigorously than physiologists, perhaps because the latter remember that protein 
and colloidal substances are not absorbed from tissue spaces into the blood stream 
but via the lymphatics 

Field and Drmkei found that the capillaries are not concerned 
with absorption of protein from the subcutaneous tissues under noniial 
circumstances but that after plasmapheresis, with substantial reduction 
of total blood protein, foreign protein placed in the subcutaneous tis- 
sues can be detected serologicalty in the blood when entrance by Ivni- 
phatic routes has been blocked 

The present study consists piimanly of a biologic assa> for depres- 
sor substances in unmodified lymph obtained from the thoracic duct at 
varying intervals after receipt of a burn In several instances, also, 
dyes weie injected into the burned areas, and the lymph of the thoracic 
duct was observed for evidence of lymphatic absorption of the dye 


METHOD 


Large animals were anesthetized with ether, and burns were produced y 
cation of red hot soldering irons to the posterior extremities and the louer 
the abdomen Each hind quarter was burned for approximately five iiunut^^, 
resultant burned area comprising approximately one fifth to one seven i 
whole surface This had been found to be approximately the 
injury consistent with survival through the period of experimentation 
procedure the animals were allowed to live normally until ten or twelve ^ 1 ^^ 

to the lymph studies, when all food and water were withdrawn, to rmnini 
amount of lymph entering the thoracic duct from the gastromtestina 
animals were then anesthetized with intrapentoneal pentobarbital sodium 
mg per kilogram of body weight) and the thoracic duct was cannulate , 1 
jugular vein being utilized as a conduit All visible tributary veins 
from the neck, upper extremities and wall of the chest were ligated^ 
of lymph was facilitated by moderate negative pressure, usually 20 to ^ 
water Anesthesia was maintained by intrapentoneal pentobarbital so 
the period of collection of l>mph, and the animals were killed at jnjtcttd 

period In several instances Evans’ blue azo dye (5 cc per extrem } 

Shock and Related Capillary Phenomena, New Yorh, 0^ 

tlK Removal ot 


10 Moon, V H 
Unnersity Press, 1938, p 151 


11 Field, M E, and Drinker, C K Conditions Governing 33 

Item Deposited m the Subcutaneous Tissues of the Dog, Am J 


Protein Deposited 
60-69, 1931 
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without pressure beneath the cbtlnr on the niednl uul I Ueral aspeet ol the thigh 
two to tliree hours before icnnunlion of the experiiuent, and the l>inph was care- 
fully obsened for e\idcncc of its absorption 

The uiunodified I}mph was tested for vasodepressor activity b} the nctliod 
desenbed by Grossman and Wiihaius Tins consists of cannulating the abdominal 
aorta of an albino rat ancstiieti/ed with pentobarbital sodium (4 to 5 mg per 
hundred grams of bod> weight) and eonneclmg this cannula b> means of a three- 
way stopcock to a small bore mercur> manometer for direet reading of the aortic 
blood pressure or to a S 3 rmgc for injection of I>mpii k small quantit> of Iicpann 
was introduced as an anticoagulant, and control pressures were obtained The 
amount of lymph injected was arbitraril> set at 0 5 cc per hundred grams of bod> 
weight, and tins was injected over a period of fort>-five seconds Blood pressure 
readmgs were obtained at fifteen second intervals for approximate!} three minutes, 


Studies of Lymph lu Lx-ptnuunUil ntnns 


Interval 
Bct\^ een 
HeccJpt of 
Bum and 
BcgJnnlDff 
of Lymph 
ColIeetloD 

Hiperlment Hr iPn 


Period of L> inph 
Collection 

Hr Min 


Vpproxiniale 
ChuntL 
InB P 
Induced 
Vmount of in Rut b> 
Ly niph Bo c of 
Collected OjCc/ 100 
Cc Gni 


Vppcurauce of Dje 
in Ljniph 


I 


2 

2 

3 

12 

4 

17 

6 

24 

0 

42 

7 

47 

8 

GO 

0 

00 

10 

90 

n 

71 

12 

71 

13 

U4 

U 

141 

16 

106 


10 

40 

30 

20 

45 

45 

30 

16 

10 


0 15 

1 20 

7 50 

0 50 

11 30 

0 
7 
7 

0 

2 30 

1 
2 
7 

7 

8 


44 

18 

4d 

153 

100 

91 

122 

13 

21 

75 

104 

60 

30 

8 

5 


0 Not injected 

0 Not injected 

0 Did not appear 

0 Did not appear 

0 Not injected 

0 Not injected 

0 Did not appear 

0 Did not appear 

0 ? Faint trace after 4o min 

0 ? Faint trace after 2 hr 

0 ? Faint trace alter 30 mim 

0 Did not appear 

0 Did not appear 

0 Did not appear 

0 Did not appear 


* Change in blood 


preasure is recorded ns zero if It did not exceed ± 8 mm 


of mcrcur> 


thirty second intervals for approximately six minutes and at one minute intervals 
>or approximately fifteen minutes 

imi ar studies were made on 3 normal animals to serve as controls 


RESULTS 

No vasodepressor activity could be demonstrated m the lymph from 
^nna,l animals A total of 15 experiments were performed on burned 
j. intervals up to one hundred and sixty-five hours from the 

jme of receipt of the burn In none of these experiments could a vaso- 
wh demonstrated in the lymph of the thoracic duct 

was tested by mtra-arterial injection into the albino 
H-^ ew instances there was a slight transient nse in the arterial 

E B , and Williams, J IC, Jr Relation of Age to Renal Pres- 
stance, Arch Int Med 62 799-804 (Nov ) 1938 
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pressures following the injection, but this never exceeded 8 mm ot 
mercury and so was interpreted as a volume effect 

The natural opalescent character of lymph made positive identifica- 
tion of minute quantities of the blue dye difficult and the results not 
conclusive One would, however, get the impression that Evans’ blue 
dye is poorly absorbed by the lymphatics draining burned areas 

In several instances in which the regional nodes were examined no 
dye could be demonstrated, and the distribution of the dye appeared 
to be limited to the areas into which it had been injected 

The results of these experiments are presented in the accompanying 
table 


COMMENT 


The fact that no vasodepressor substances could de demonstrated 
in lymph from the thoracic duct of burned animals may have three 
possible explanations (1) There may be no such substance formed, 
(2) if such a substance is formed, its lymphatic absorption may be 
neghgible, and (3) because of lymphodilution, the method of assay used 
in these experiments may not have been sensitive enough to detect 


minute quantities which may have been present 

This study can offer no evidence either for or against the existence 
of a toxin m the burned area itself, but demonstration of such a poison 
IS of minor significance when compaied to the question of its absorp 
tion In order to exert a detrimental effect on the organism as a who e, 
the hypothetic toxin must be absorbed either directly into the b oo 
stream or indirectly via the lymphatics In regard to the latter, t ere 
IS some evidence (i e , the absence of any significant lymphatic a sorp 
tion of dyes) that suggests that lymphatic absorption from burne 
may be considerably impaired Thus it is possible that the 
the thoracic duct, which was tested for depressor substances, 
little or no lymph from the burned area If this be true, one 
hardly expect to demonstrate in it a toxin which could not be a 
because of impaired lymphatic function , 

In any study on lymph collected from the larger lymph 
is the constant and unavoidable factor of dilution of lympi 
of this, any toxin which might be present could conceivably c 
that its presence could not be demonstrated by standard assay 
In the present study this factor was minimized by injecting 
large quantities of lymph into small animals 


SUMMARY 

Ljmph collected from the thoracic ducts of burned 
been tested for vasodepressor activity by intra-arterial jnttliod 

albino rats No v^asodepressor activity was demonstrated } 1 1 
of study 
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DISEASES OF THE ESOPHAGUS 

ESOPIIAGOSCOPIC CO^SIDERATIONS 

LOUIS H CLERF, MD 

PIIILADELPUIA 

The replacement of inferential diagnostic methods by objective pro- 
cedures has revolutionized methods of diagnosis and treatment of disease 
This IS particularly true of diseases of the esophagus Inspection of the 
entire length of the esophagus has conclusively demonstrated that many 
of the inferential diagnoses made in preesophagoscopic days were based 
largely on error 

To understand more full} the symptoms, diagnosis and treatment 
of esophageal disease it is important to recall that the esophagus is a 
long, redundant and movable tube contained in great part in the thoracic 
cavity, where it occupies whatever space may be allotted it by sur- 
rounding viscera Its fixed points are at the hypopharynx and at the 
diaphragm Its course is moderately tortuous, and its lumen presents 
certain anatomic constrictions, several of which are of chnical impor- 
tance The upper end of the esophagus is maintained in a state of tonic 
closure by the cncopharyngeus muscle, the horizontal portion of the 
inferior constrictor of the pharynx, and opens only with the passage of 
fluids or food At the level of the diaphragm, where the esophagus 
P^ses from the thorax into the abdominal cavity, there is a constriction, 
Ae hiatus esophageus, which is also referred to as the ‘^diaphragmatic 
pinchcock ” This opens only to allow food or fluids to pass and plays 
^ important part in preventmg gastric contents from entering the 
^ophagus Normally the arch of the aorta and the left mam bronchus 
n not encroach on the esophageal lumen to a degree sufficient to pro- 
nce interference with function 

The esophagus is an integral part of the alimentary canal, and its 
unction IS to transfer foods, fluids and oral secretions from the mouth 
the stomach This is accomplished by a coordinated involuntary 
^nn of its musculature and is normally unassociated with subjective 
sensations In addition to the normal function of swallowing, the 
sophagus may empty itself of material contained within its lumen by 
SUrgitation This must be distinguished from vomiting, since in the 


1043 



1044 


ARCHIVES OF SURGERY 


case of reguigitation the expelled materials have not reached the stomadi 
and should therefore contain none of the gastric juices or products ol 
gastric digestion 


SYMPTOMS OF ESOPHAGEAL DISEASE 

Dysphagia — In the presence of disease of the esophagus the act ol 
swallowing usually gives rise to certain subjective sensations whidi 
may be indefinite and undescnbable or may be sufficiently marked to 
interfere seriously with esophageal function This difficulty m swallow- 
ing is designated dysphagia and constitutes the most constant and the 
most important symptom of esophageal disease Other complaints often 
considered as a part of the so-called symptom complex of esophageal 
disease are odjmophagia, regurgitation^ loss of weighty hematemesis, 
pain and hoarseness 

Dysphagia, the most important symptom, may vary from a feeling 
as of a suggestive lump or other curious sensation m the throat to 
serious interference with the passage of food No difficulty is encoun- 
tered in the recognition of dysphagia m a patient whose esophagus is 
almost completely obstructed and who is no longer able to swallow 
solid or soft foods and has lost considerable weight The greatest 
difficulties he in the proper mterpretation of vague sensations referable 
to the esophagus and usually associated with the swallowing of foo 
or of saliva Often the patient can give no clear account of his symp 
toms, and unless one is sympathetic to these early manifestations 
esophageal disease, errors in diagnosis may result It is important no 
to ascribe these subjective sensations to a supposedly functional is 
order Cancer of the esophagus often begins with very slight 
bance of the swallowing function Recognition of this fact pro a y 
would result in earlier diagnosis of an otherwise hopeless disease 

Odynophagia — Odynophagia, or painful swallowing, is 
monly observed as an early symptom of esophageal disease n ce 
conditions it is never observed It is usually indicative of extension 
inflammatory or neoplastic mfiltration to contiguous structures ^ 
viscera In the cervical portion of the esophagus pain is 
referred to the level of involvement, in the thoracic portion, ow 
it IS usually referred to the substernal region or may exten 
back Pam referred to the back is a very important 
cases of suspected foreign bodies in the thoracic portion of 
and in cases of esophageal ulceration It is frequently wit ou 
however, as a means of localization of disease of the 
of the esophagus, since the pain areas do not correspon to 
tion of the lesion 

Regurgitation — Regurgitation, often confused with ^\i<- 

sists of the ejection of material contained in the esophagus a 
to a reversal of peristaltic action It is frequently observe 
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so called cardiObpasm as well as in all conditions associated with a high 
degree of esophageal stenosis and rcpicsents an attempt on the part of 
ail intolerant esophagus to rid itself of eont lined tuods or secretions 
which cannot be promptl) tiaiisported to the stomach In a study of the 
ejected material one must recall that it has not been in the stomach 
and therefore lacks digestn e agents and products of digestion 

Loss of Weight — In cases of disease of the esophagus, loss of weight 
is primarily the result of progressive star\ation and is a late mani- 
festation 

HewateiJicsis — The \omited blood ma\ have been swallowed from 
the upper air or food passages, or it may have had its origin in the 
duodenum or in the stomach Much confusion has resulted from 
attempting to explain the presence of blood on the basis of inferential 
methods 

Other Symptoms — Hoarseness, dyspnea and cough aie not uncom- 
monly obsen’^ed with certain diseases ot the esophagus Hoarseness may 
result either from neoplastic infiltration of the larynx itself or from 
involvement of a recurrent lar^mgeal nerve It is a common symptom 
of cancer of the cenucal part of the esophagus Dyspnea occurs if there 
IS marked narrow mg of the airwav either by direct infiltration of the 
tracheal walls or by compression of its lumen, as in the case of a large 
pulsion diverticulum of the pharynx Cough results from overflow ot 
secretions into the larynx and may be observed in any of the conditions 
which interfere with normal esophageal drainage and in which there 
IS laryngeal involvement Cough also is an important symptom of 
esophagotracheal or esophagobronchial fistula 


METHODS OF DIAGNOSIS 

A carefully taken history is of importance Disturbances in swal- 
owmg should be investigated with regard to the mode of onset and 
uration, the types of food producing them, their localization and the 
sensations of discomfort produced Regurgitation 
5 Quid be studied in relation to the taking of food Unfortunately there 
^ IS lacking a clear account of the onset of dysphagia A patient 
Wit extensive cancer may state that he has had difficulty in swallowing 
or many years or that his difficulty has been only of several weeks’ 
uration In either case there is a discrepancy between the onset of 
yuiptorns and the duration and extent of the disease This presents 
u^uriBountable difficulties which cannot be compensated for by any 
od of diagnosis or treatment and is one of the reasons why so 
^progress has been made in the treatment of esophageal cancer 
ro t ^ ^^uth, throat, larynx, pyriform sinuses and neck should be 
*uely examined Accumulation of fluid in a pyriform sinus is a 
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positive sigii of esophageal obstruction A general examination ot the 
chest should nevei be omitted Serologic studies of the blood should 
be perfoimed A positive Wassermann reaction and the signs of 
aneurysm may readily explain symptoms referable to the esophagus 
With the development of roentgenologic and esophagoscopic methods 
many of the older diagnostic procedures have become obsolete Auscul- 
tatory methods to determine the function of the esophagus are not trust- 
worthy and should have no place in an esophageal study The use of 
the bougie to detect esophageal obstruction is not scientific and is 
extremely dangeioiis It is dependent on meetmg with an obstruction 
and therefoie is without value m conditions unassociated with obstruc- 


tion or m the presence of early lesions that have not become obstructive 
While the use of the rigid stomach tube is limited, it is of value in the 
diagnosis of paralysis of the cricopharyngeal muscle and m carrying 
out esophageal lavage 

The function of the esophagus can be determined by only one method 
of examination, namely, fluoroscopic study of the esophagus while the 
patient is swallowing a radiopaque mixture, i e , barium sulfate or a 
bismuth compound Under certain conditions barium-filled gelatin 
capsules are of value No roentgen study of the esophagus should be 
considered complete until the chest has been studied fluoroscopically 
and fluoroscopic study of the esophageal function with a radiopaque 
substance has been made With the present methods of roentgen study, 
which permit examination of the patient in various positions, it does 
not seem possible that the presence of esophageal disease can be over 
looked By these methods any alteration or irregulanty in the size o 
the lumen can be detected, and the presence of strictures, sacculations 
or deviations from the normal can be ascertained In most instances 
the roentgenologist’s diagnosis based on a careful study of the esophagus 
and chest is correct For absolute certamty it should, however, e 
supplemented by esophagoscopic data Certain diseases of the esophagus 
may be confused with conditions involving the stomach or other portions 
of the gastrointestinal tract This is more often observed with 
involving the lower end of the esophagus For this reason it is 
to consider the esophagus as part of the alimentary tract and to me 


it in a routine roentgen study 

The esophagoscope provides a method of direct examination 
depends on objective evidence and should therefore be 
final arbiter in diagnosis of esophageal disease The interior of the en 
esophagus may be minutely inspected, tissue, exudate and 
may be removed and positive data secured The esophagoscope is 
by sight In the hands of one who has been trained in its 
procedure is safe For this reason no mandrin or other device 
would interfere with continuous vision through its lumen is use 
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die examination is done without gcncril anestliLbia, it may be repeated 
at weekly inten^als or oftcncr it dctined ncecbbar} As with most pro- 
cedures that are notew^orthy, specnl training ib ncccbsary to perform 
esophagoscopic examination w ith bafct} i he cbophagoscope is not 
swallowed by the patient as is the stomaeh tube The ci icopharyngeus 
muscle IS the stumbling block, and attLmi)ts by the inexperienced to pass 
the esophagoscope as they would a Ijougie wmII result m a large per- 
centage of fatal perforations of the plnr\ngeil wall posterior to the 
cncophar}iigeal fold 

Studies earned out in a haphazard manner usu illy result m the 
overlooking of certain examinations A loutinc procedure should there- 
fore be adhered to The following diagnostic steps in order of procedure 
are suggested 

1 Complete history 

2 General physical examination, ineluding the mouth, nose, throat, 
phar}m, larynx, pyriform sinuses and neek 

3 Serologic studies 

4 Fluoroscopic study of the chest 

5 Fluoroscopic study of the esophagus with an opaque mixture or 
a barium-filled capsule , taking of roentgenograms wnth the opaque mix- 
ture or the capsule or both 

6 Esophagoscopic examination, with a biopsy when indicated 

THERAPY 

For a majonty of esophageal diseases, treatment is either mechanical 
Or surgical In the presence of acute inflammatory conditions or of 
ulceration the esophagus should be placed at rest as far as possible by 
bquid diet or by gastrostomy Of the medicaments, bismuth subnitrate 
most commonly employed It is given in doses of 5 to 15 grains 
(032 to 097 Gm ) dry on the tongue after eating and is swallowed 
Without water It exerts a protective action and is mildly antiseptic. 

ur rehef of pam, ethylaminobenzoate (anesthesin), 1 to 2 grains (006 
to 0 13 Gm ), may be combined with the bismuth preparation Alkahs 
commonly employed m cases of peptic ulcer Mild protein silver 
silver nitrate are useful as topical applications Accuhiulation of 
ood m the esophagus proximal to a point of stenosis or in a diverticulum 
>s reheved by swallowing water after eating m cases of slight retention 
oc by esophageal lavage when the retention amounts to a considerable 
fluanhty Dehydration m patients with esophageal stenosis is of serious 
“nsequence and should be combated by hypodermoclysis, proctoclysis 
intravenous instillation In cases of stenosis which cannot be 
promptly relieved, gastrostomy should be perfonned 
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Congenital anomalies of the esophagus, such as atresia, usually 
terminate fatally within the first few days of life Study of the esophagus 
with a small quantity of barium mixture is conclusive Congenital webs 
or congenital stenosis with shortening of the esophagus and a thoracic 
stomach may go unrecognized for many years The history is important 
Patients with such conditions never have been able to swallow nonnally 
In some cases superficial ulceration at the esophagogastric junction 
may develop The symptoms simulate those of gastnc ulcer, and the 
condition is often diagnosed as peptic ulcer of the stomach or of 
the esophagus Roentgen study of the esophagus with the patient in the 
Manges “right lateral prone” position exhibits the characteristic dilata- 
tion of the stomach immediately above the diaphragm and stenosis at 



Fig 1 — Roentgenograms of a boy aged 8 years who had had distur antes 
witli swallowing smce mfancy The esophagus was short and dilated, there 
marked stenosis at the esophagogastric junction, a portion of the 
above the diaphragm, and there was absent the normal constriction o ^ 
passageway at the level of the diaphragm At esophagoscopic examination 
was found ulceration at the esophagogastric junction (W F Manges) 


the junction of the esophagus and the stomach (fig 1) The esopwg 
scopic findings are conclusive 

Certain phases of the treatment are medical and include dietetic c 
the employment of alkalis and posture The stenosis may be 
esophagoscopically or by the use of an olive-tipped, fenestrate 
passed over a previously swallowed thread Topical applications o 
nitrate solution to the superficial areas of ulceration are he p u . 

Deviation of the esophagus is observed in deformity of the 
column and is usually unassociated with symptoms Deviation pm 
by aneurysm or mediastinal tumor is commonly associated wi 
pression stenosis and is productive of disturbance m swallowing 
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In tlie presence of acute esophagitis the substenial pain, dysphagia 
and occasional heniatcinesis luaj suggest some gastric disorder There 
IS commonly a history of trauma or of swallowing an irritant or a 
cauterant Recent burns or scars about the mouth, throat and pharynx 
are significant In the early stages, before healing and contraction of 
the ulcerated areas occur, the roentgen findings are usually inconclusive 
It IS important to recall that injury to the stomach may occur simul- 
taneously if a cauterant has been swallowed, and the patient may com- 
plain of marked epigastric distress If there remains a question as to 
the diagnosis, esophagoscopic examination may be performed It would 
seem inadvisable, however, to do this immediately after injury, because 
of the danger of additional trauma and possible perforation of the 


esophagus 

Chronic esophagitis is commonly observed in persons with chronic 
alcoholism, m persons who habitually ingest highly seasoned, hot or 
irritating foods, in the presence of certain constitutional states and in 
cases of stenosis witli retention of food and presents no problem in 
diagnosis if esophagoscopic examination is performed 

Benign ulceration of the esophagus, particularly in its lower third, 
may be confused with gastric disease There may be dysphagia Pain 
IS a frequent symptom It usually is referred substernally or to the 
region of the ensiform cartilage and may extend through to the back 
Spastic stenosis involving either the cricopharyngeal muscle or the 
diaphragmatic pinchcock may occur There is often associated esopha- 
S^hs Regurgitation and hematemesis may be observed In cases of 
simple pepbc ulcer of the esophagus, in those cases of congenital shorten- 
mg of the esophagus and thoracic stomach in which there is ulceration 
^tthe esophagogastric junction and in cases of hiatal hernia, pain behind 
dje lower end of the sternum extending to the back is significant 
dynophagia is common Patients are conscious of food passing a 
knder point Pain commonly begins immediately after eating and is 
promptly relieved by alkalis Heartburn is a common symptom This 
be increased on the patient^s assuming a prone posture Dysphagia 
usually not observed during the early stages It may develop if 
stenosis occurs during healing These ulcers commonly are superficial, 
overed with thm, grayish exudate and surrounded by a narrow inflam- 
matory zone They present no roentgen evidence unless there is secon- 
stenosis or deformity The esophagoscopic appearances are 
amcteristic, the diagnosis can be verified by histologic examination 
the tissue 


Tuberculous ulceration of the esophagus is always associated with 
^onstrable tuberculosis elsewhere If there is doubt, esophagoscopic 

biopsy and bactenologic studies will give conclusive 
^gs 
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Syphilitic ulceration may be assocmf-pH 
esophageal infection A patient with rare, ^ ““ndary 

Wassermann reaction R.L. n ,7 have a positae 

cases the therapeutic test is^of val°'" hi questionable 

lowing TuncLnanH =hidy of the sival- 

condulve Costt“°etor“"" '”0=^- 

esophagiK mav"cM =“>'* the rarer lesions of the 
dependLt on I T ” diagnosis The diagnosis is usiiallv 

removed esophagoLopraf/ histologic examination of material 

of slmm^on?!,'" ‘he esophagus may be the source 

part^of fh ^““‘■'■hage Varix practically never occurs in the upper 

Sin! 1 ” regurgitated, the blood is bright red L 

a "enffpp t often, however, it is acid in reaction and of 

and thp cferacter, having been swallowed into the stomacli 

imnori- ^ vidences of obstruction of the portal vein are 

ran h ^ presence of varices at the lower end of the esophagus 

emonstrated esophagoscopically, but failure to observe them 
IS not conclusive 


u esophagus may result from pressure due to pen- 

P ngea isease or from lesions m the esophageal wall itself 
j ^^P'^^^sion stenosis of the lower part of the esophagus may be 
1 h u ^ cardiac enlargement, enlargement of the left 

o e o t e hver, malignant disease of any of the intrathoracic viscera 
or ymp adenopathy The common symptom is dysphagia A general 
P ysic examination, serologic studies, roentgen study of the chest and 
unc lona studies of the esophagus will usually suffice to establish a 
bemused ^ question exists, esophagoscopic procedures mav 

^ Cicatricial stenosis of the esophagus should not be confused with 
t,as rointestinal disease, as the symptoms are practically always ebO- 
P ageal m origin, consisting of dysphagia, loss of weight (depending 
f ^ of stenosis) and regurgitation Temporary lodgnunt 

o 00 produang complete obstruction, chronic esophagitis and occur- 
xence o spasm, particularly if the stricture is at the lower end of tlic 
esop agus, may cause confusion in diagnosis In addition, it must be 
recalled that patients who have swallowed strong acid solutions mav 
sustain injury to the stomach as far as the pylorus There may be a 
istory of swallowing a corrosive substance, development of symptoms 
iinng one of the prolonged fevers, such as scarlet fever, peptic ulcer 
o tie esophagus, syphilis or trauma following obstruction or prolonged 
sojourn of a foreign body Roentgen study and use of the esophagoscope 
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should leave no doubt as to the diagnosis (hg 2) The esophagoscopic 
findings of areas of scarring, granulation tissue with esophagitis and 
dilatation of the esophagus proximal to the point of stenosis are cliar- 
actenstic It is of interest to note that m cases of esophageal stenosis 
of long standing the stomach is often contracted, probably from lack of 
distention by food and relative inactivity 

The treatment of strictures depends on the degree of narrowing and 
the extent of involvement Dilation is a slow process and must be carried 
out over a long period Interference with nutrition is a definite indica- 
tion for gastrostomy For a gpstrostomized patient, the safest and best 



^ 2 Multiple strictures of the esophagus resulting from acadental swal- 

of a concentrated solution of lye. There was moderate dilatation of the 
^Phagus proximal to the stnetures Gastrostomy became necessary for feeding 
The stnetures were dilated by retrograde bougienage (W F Manges) 


^tiod of treatment is retrograde bougienage For patients not requir- 
gastrostomy, esophagoscopic bougienage or the passing of a 
th obve-tipped bougie over a previously swallowed string is 

choice Bougienage without a guide is hazardous and 
« m perforation with fatal mediastmitis 

Spasmodic stenosis of the cricopharyngeus muscle is observed in 
of cancer of the lower end of the esophagus, of peptic ulcer and of 
is 0 ?^ gastrointestinal tract This condition may simulate and 
onlv ^ ‘‘globus hystericus Such a diagnosis is justifiable 

diseas known diagnostic means has been utihzed to rule out 

^ of the alimentary canal 
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Cardiospasm, phienospasm or preventriculosis, occasionally asso- 
ciated with disease of the stomach, biliary apparatus or appendux, is 
frequently mistaken for gastrointestinal disease The common symp- 
toms are discomfoit or a sense of fulness referred to the epigastmim 
and relieved by regurgitation, inability to swallow certain foods, such 
as cold liquids, loss of weight (which may be marked) and, occasionall3% 
severe pains about the region of the ensiform cartilage, extending 
through to the back The cause is obscure The occuri ence of assoaated 
disease of the gastrointestinal tract or of the gallbladder is probably 



Fig 3 — A, roentgenogram in a case of cardiospasm of seven years ura ion 
occurrmg m a woman aged 32 years The symptoms were dysphagia wit 
and solid foods, regurgitation of food and loss of weight The esophagus 
greatly dilated and terminated in a smooth, blunt end at the level o t 
phragm At esophagoscopy there were found retention of food and chronic e 
agihs No difiBculty was encountered in passing the esophagoscope of 

hiatus esophageus into the stomach, demonstrating that there was un a 
organic stenosis Prompt improvement followed aerostatic divulsion o 
esophageus (J T Farrell Jr) B, roentgenogram showing a y,_ar 3 

ulum and a dilated esophagus suggesting cardiospasm in a man age 
Dysphagia, regurgitation and loss of weight were of six montlis 
esophagoscopic examination there was found an organic stenosis o ^ e^plora 
at its lower end, apparently due to an infiltrating neoplasm Ab omma 
tion revealed an extensive carcinoma involving the cardia (M Di m 


coincidental Detormity of the liver and endocrine distur 
been described as etiologic factors There is a dissociation o t ic^^ 
lowing mechanism which probably is the result oi disease 
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esophagus or of its iicive supply Fibrosis of the esophageal wall has 
been a common finding The degree of dilatation of the esophagus is 
variable Dilatation is ah\ays piesent, in cases of e\tieine involvement 
the esophagus may hold as much as 2 litcis Ihc regurgitated material 
IS sour and stale and lacks all the constituents of gastric juice Foods 
eaten twenty-four hours previously often can be identified Unless the 


gastroenterologist is aware of this condition he will siphon oft the test 
meal from tlie esophagus instead of from the stomach, and the analysis, 
lacking all constituents of gastric contents, will lead to erroneous con- 
clusions Patients with cardiospasm usually are unable to swallow a 
diagnostic tube A roentgen check-up of tlie position of the tube should 
therefore precede an attempted gastric analysis in the case of a patient 
With cardiospasm or any condition associated with dysphagia The 
diagnosis of cardiospasm can usually be made by the roentgenologist 
(fig 3^) The esophagoscope should always be used, however, to 
corroborate the diagnosis and to rule out cancer of the cardiac end of 
c stomach with the grow th extending to the hiatus esophageus and 
produang esophageal symptoms simulating cardiospasm (fig 3 B) The 
^^ophagoscopic appearances are characteristic The thoracic portion of 
c esophagus is greatly dilated, and a large quantity of fluid and, at 
leath ' food is present The walls are thickened, at times 

and are thrown into numerous folds The mucosa presents a 
or pasty appearance, suggesting a heavily coated tongue Chronic 
P ^itis is present, and erosion of the mucosa may be observed No 
^^countered m traversing the hiatal orifice, although it 
dilatir owing to the numerous folds and the enormous 

ion Antispasmodics are of value in occasional cases, although 
primarily due to spasm Regulation of the diet 
ton coarse foods, use of bismuth submtrate dry on the 

ficial^^N^^ ^ophageal lavage, particularly before retiring, are bene- 
best these procedures, however, is entirely effective The 

Ijy ^ secured by divulsion of the diaphragmatic pinchcock 
y rostatic or mechanical dilation Relapses are not uncommon 
lorins ^ esophagus are divided into pulsion and traction 

of the h ^ form is anatomically a diverticulum of the lower end 

^ orifice of the pouch is at 

encopharyngeus muscle, while the fundus extends 
^ fein'T esophagus It occurs more often in males than 

of con^ ^ usually observed after the fiftieth year of life A point 
oncoph^^^^^ between the oblique and transverse fibers of the 

pbarvTi niuscle is considered of etiologic importance Cnco- 

swaiio^ unquestionably an added factor Disturbance m 

gurgijJ'"^ first symptom noted This may consist only of a 

sound when fluids are swallowed Later there is actual dif- 
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ficulty m swallowing foods As the pouch increases in size, it may exert 
sufficient pressure against the subdiverticular portion of the esophagus 
to produce inaiked dysphagia and seriously impair nutrition Reten- 
tion of food in the pouch results in gravitation of the food into the 
phaiynx when the patient assumes a prone posture This necessitates 


tf:.. 


/ 


Fig 4 — A and B, roentgenograms of a pulsion diverticu ^ ^ forward 

In the lateral view, the partially filled pouch displace ^ e pouch 

and narrowed the barium column, producmg compression s diver- 

was extirpated and the pharyngeal wall repaired by a one s ^ pouch 

ticulectomy (W F Manges) C and D, roentgenograms s progressively 

m cases of pulsion diverticulum of the pharynx tends o m ^ stnkmg 

in size Companson of C, made m 1930, and D, made in ^ q ^ parrell) 
increase in the size of the pouch There was marked ysp 
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frequent clearing of the throat and may cause choking sensations The 
breatli has a stale, sour odor In cases of long-standing involvement, 
respiratory symptoms may result from aspiration of food particles and 
secretions, particularly while the patient is sleeping Roentgen ray 
examination with a barium mixture gi\cs practically conclusive results, 
and with esophagoscopic study the diagnosis becomes exact (fig 4, A 
and B) Bougienage is inconclusive, unsafe and unnecessary No 
organic stenosis of the esophagus is present Dysphagia results from 
compression of the esophagus by the distended pouch A diet of liquids 
and soft foods, lavage of the pouch immediately after eating and the use 
of bismuth subnitrate will allay the chronic inflammatory changes and 
prevent the distress caused by retained foods Surgical extirpation of 
the pouch is the treatment of choice and should be done unless there 
IS a contramdication The pouch invariably becomes larger with increas- 
ing dysphagia, nutritional disturbances and respiratory symptoms from 
overflow of secretions (fig 4, C and D) 

The traction form of diverticulum occurs in the lower portion of the 
thoracic end of the esophagus and rarely causes s) mptoms It is usually 
discovered accidentally by the roentgenologist m a routine gastrointes- 
tinal study Traction diverticulum results from adhesions between the 
esophagus and surrounding structures, such as enlarged mediastmal 
lymph nodes or thickened pleura (fig 3 B) Treatment is rarely 
required In the presence of the occasional pouch with retention, posture 
be advantageously employed 

Hiatal hernia, or hemation of a portion of stomach through the 
esophageal opening m the diaphragm into the thoracic cavity, may give 
r^se to esophageal symptoms There may be dysphagia, distress and 
^ven pain on swallowing foods, substernal pain, which often passes 
du'ough to the back, and occasionally esophageal obstruction with 

regurgitation 

Results of studies made with the patient in the Manges or the 
rendelenburg position are commonly characteristic (fig 5) At 
^ophagoscopic examination one finds gastric mucosa well above the 
evel of the diaphragm , there is an absence of the normal hiatus or pinch- 
eock appearance of the esophagogastric junction, and superficial ulcer- 
ation may be observed at this point 

^ treatment commonly is surgical 

Cancer of the upper end of the esophagus should not be confused 
gastric disease Difficulty in the localization of symptoms should 
^ suggest that the entire esophagus must be considered when one 
^^vestigating esophageal or epigastric symptoms The diagnosis of 
commonly is made late, in spite of the fact that by careful 
Q^ntgen study of the esophagus and by esophagoscopic examination 
^ can recognize abnormalities that produce very moderate narrowing 
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of the esophageal lumen Regurgitation, loss of weight, hematemesis 
and pain occur late in the disease and commonly represent a high degree 
of stenosis with periesophageal extension Patients often will not con- 
sult a physician until the disease is advanced Recognition of vague 
sensations on taking food, cricopharyngeal spasm or a feeling that food 
temporarily lodges in the esophagus in swallowing are symptoms of 
esophageal cancel, and prompt investigation of these by roentgen stud) 
and use of tlie esophagoscope, with biopsy, may aid in diagnosis early 
in the disease Interpretation of these symptoms as evidences of a 
neurosis is inexcusable The use of blind bougienage is unscientific and 



Fig 5 — Hiatal hernia of the stomach occurring in a woman aged 6 ^ 
Dysphagia, “heartburn,” and associated epigastric pan were of five 
tion At esophagoscopic examination there was no stenosis of any part o 
food passageway, and the normal hiatal constriction was absent P 
ulceration was present at the esophagogastric junction (K Kornblum) 

dangerous Cancer involving the cardiac end of the stomach ma) 
manifest itself by hiatal spasm , there may be extension upwar , p 
ducmg infiltrative stenosis (fig 3B) Roentgen evidence of 
of a thick barium mixture at the hiatal level is an indication for 
inspection of the esophagus and stomach The roentgen ^ 

of cancer are commonly diagnostic (fig 6) Dilatation of the esopia 
proximal to the growth is not so marked as that obsen'^ed m cas ^ 
stenosis due to benign lesions 
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Esophagoscopically, cancer of the esophagus is manifested bj funga- 
tion, ulceration or infiltration A specimen foi biopsy may be safely 
taken from the areas of ulceration or fungation In cases of compression 
stenosis or of submucosal infiltration with a normal overlying mucosa 
it is madvisable to secure a specimen of tissue Biting through a normal 
mucosa ^vlth tissue forceps opens a\enucs for infection 

Treatment of cancer of the esophagus has been extremely disap- 
pomting Surgical extirpation should offer the greatest hope, but this 
IS largely theoretic, as patients rarely are seen in the early stages of the 
disease and usually are poor risks for such a formidable procedure 



Fig 5 Irregular stenosis of the esophagus occurring in a man aged 52 years 
\vno complained of dysphagia and loss of weight At esophagoscopic examination 
was found an extensive fung^ting stenotic lesion beginmng at the middle third 
w the esophagus Biopsy was done The histologic diagnosis was squamous cell 

carcinoma (K. Komblum) 

The results today from roentgen ray and radium treatment and from 
^emotherapy are not encouragmg The measures commonly employed 
palliative, to prevent starvation These consist of intubation of the 
^^phagus, dilation of the cancerous stenosis and gastrostomy 

bodies in the esophagus should present no difficulties that 
t lead to confusion with gastrointestinal disease , it is a common 
^^P^nence, however, to see little children with esophageal foreign bodies 
have been treated for gastric trouble because of regurgitation which 
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was eri oneously interpreted as “vomiting ” A roentgen study of the 
neck and chest often revealed a foreign body, esophagoscopic removal 
of which cured the patient of the “gastric trouble ” Sharp, pomted or 
irregular objects lodged m the cervical portion of the esophagus may 
produce a sticking sensation or actual pain localized at the point of 
lodgment In the thoracic portion of the esophagus localization is not 
so accurate I observed a man who swallowed a denture which lodged 
m the esophagus and was localized roentgenologically at the level of the 
suprasternal notch The symptoms were dysphagia and pain referred 



Fig 7 — Roentgenogram made after the patient had swallowed a 
gelatin capsule, revealing lodgment of the capsule in the upper thoracic ° ^ 

the esophagus There was a history of chokmg while eating fish, followe y 
stickmg sensation m the region of the suprasternal notch At esop agos 
examination a portion of fish bone was removed (W F Manges) 

to a point 1 inch (2 5 cm ) below the ensrform cartilage, 
the left of the midhne After esophagoscopic removal of the 
pam was promptly relieved Foreign bodies, particularly oo 
lodge m a stenotic esophagus narrowed by cicatricial changes, 
or periesophageal disease 

In the case of foreign bodies that are opaque to the 
the diagnosis is obvious It must be recalled that bones an 
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nonmetallic materials, normally somewhat opaque to the roentgen ray, 
will not show on the lilm when superimposed on the shadows of the 
soft tissues and the bony skeleton In these and m the nonopaque 
vaneties, difficulty in diagnosis may be experienced , however, with the 
aid of a radiopaque material used in mixture or in capsule with the 
pabent properly placed, the roentgenologist can give valuable data 
(fig 7) In case of doubt, diagnostic esophagoscopic study is clearly 
indicated The only method of treatment worthy of consideration is 


esophagoscopic removal 

“Retrograde esophagoscopy,'^ the transgastnc introduction of a 
retrograde gastroscope through a gastrostomy fistula, performed for 
purposes of alimentation, has greatly contributed to knowledge of the 
esophagus in the presence of stenotic or atresic lesions which could 
not be traversed by peroral esophagoscopic means The technic is 
similar to that employed in retrograde gastroscopy It is of great aid 
in plaang an endless stnng in those cases of extensive cicatricial stenosis 
of the esophagus m which a string cannot be got through perorally for 
retrograde dilation In these a flexible-tipped filiform bougie passed 
by retrograde esophagoscopic metliods through the strictures can be 
recovered m the pharynx, a string secured to the bougie and the bougie 
with the stnng attached withdrawn through the esophagoscope It is 
also mdispensable in penetrating the cicatricial barrier by the combined 
peroral and retrograde method under fluoroscopic guidance in cases of 
eicatncial atresia of the esophagus 
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CONGENITAL ATRESIA OF THE ESOPHAGUS 

A STUDY OF THIRTY-TWO CASES 


THOMAS H LANMAN, MD 
Assistant Professor of Surgery, Harvard Medical School, Visiting 
Surgeon, Children’s Hospital 
BOSTON 

Congenital atresia ot the esophagus is a rare anomaly The experi- 
ence of any one physician with tins condition is necessarily limited The 
literature on the subject is large, but most of the articles deal with a few 
individual cases plus a review of previously reported cases The total 
number of reported cases is now about 300 

In the past eleven years, 32 cases of congenital atresia of the esopha- 
gus have been observed m the surgical service of the Children’s Hospital 
Thirty patients were submitted to operation, and complete autopsy was 
performed on the other 2 patients In the 30 operative cases the surgical 
findings were supplemented by complete postmortem examination in 
22 instances 

Cases observed m this hospital before 1929 are not considered here 
Their inclusion would not change significantly the statistical data, an 
it is only since 1929 that a discussion of the forms of surgical treatment 
has been of value Until then gastrostomy was the only surgical pro- 
cedure used, and it was, of course, uniformly unsuccessful This report 
IS a critical analysis of 30 operative cases All are from the surgi 
service of the Children’s Hospital, and the operative procedures were 
carried out by a small group of closely associated surgeons, 16 of them 
being done by me . 

There are many excellent reviews of reported cases, particu ar y 
those of Mackenzie,’- Plass,^ Hacker and Lotheissen,® Gage an 
Ochsner * and Rosenthal ° In many instances these reports me u e 

From the Surgical and Pathologic Services of the Children’s Hospital and 
Departments of Surgery and Pathology of the Harvard Medical Schoo 

1 Mackenzie, M Malformations of the Esophagus, Arch Laryng 

2 Plass, E D Congenital Atresia of the Esophagus with Tracheoesophag 

Fistula, Johns Hopkins Hosp Rep 18 259, 1919 Bruns, 

3 Hacker, V , and Lotheissen, G Chirurgie der Speiserohre, in 
P Neue deutsche Chirurgie, Stuttgart, Ferdinand Enke, 1926, vol ■ 

4 Gage, M , and Ochsner, A The Surgical Treatment of Congemta 

Esophageal Fistula in the New Born, Ann Surg 103 725, 1936 'TTacbeo- 

5 Rosenthal, A H Congemtal Atresia of the Esophagus w: 
esophageal Fistula Report of Eight Cases, Arch Path 12 756 (Nov j 
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discussion of the embryologic factors causing this anomaly Plass - 
and Rosentlial ° in particular have given excellent descriptions of the 
embryologic considerations 

As tins paper is primarily a discussion of the operative procedures, 
only a brief mention of the embryologic aspects of this anomaly is 
needed Both the trachea and the esophagus are formed from the single 
tube of the primitive foregut The lung bud appears as a projection 
on the antenor wall of the foregut at the region where the bifurcation of 
the trachea will occur Normally the primitive foregut divides into two 
tubes, the trachea and bronchial tree anteriorly and the esophagus 
posteriorly The division of this single tube into two occurs as a result 
of fusion in the midhne of longitudinal projections arising from both 
lateral walls The incomplete fusion of this septum at the level of the 
antenorly gromng lung bud results in the various types of anomaly 
observed Strong and Cummins ® have given an elaborate classification 
of all the various types and subdivisions of the anomalies that may occur 
Vogt^ in 1929 published from this hospital an article m which he 
suggested for the vanations of this anomaly a comparatively simple 


classification which meets all needs as far as clinical application is con- 
cerned With type 1 there is a complete absence of the esophagus This 
IS extremely rare With type 2 there is a blind end to both the upper 
^d the lower segment of the esophagus, but there is no communication 
'\^th the trachea from either segment This is rare With type 3 there 
are three varieties With type 3a the upper segment communicates with 
the trachea, the lower segment being blind This is rare With type 3b 
the upper segment is blind, and the lower segment communicates with 
the trachea at or about the level of the bifurcation of the trachea 
This IS by far the commonest type With type 3c both the upper and 
t c lower segment have a communication with the trachea This is rare 
In this senes there were 19 boys and 13 girls Twenty-nine, or 91 
cent, had anomalies of type 3b One anomaly was of type 2, 1 of 
3a and 1 of type 3c I have not seen any instance of type 1 These 
those reported by others Mackenzie^ in 
reviewed 62 cases of esophageal atresia in which 40, or 60 per cent, 
? ^ ^ Patients showed a blind upper segment and a fistula between the 
segment and the trachea (type 3b) Hacker and Lotheissen " 
^^26 published a senes of 223 cases of which 173, or 77 per cent, had 
same type of fistula of the lower segment In 1931 Rosenthal^ 
senes of 255 cases in which 205 patients, or 80 per cent, had 


^ A, and Cummins, H Congenital Atresia of the Esophagus 
^ Esophageal Fistula, Am J Dis Child 47 1299 (June) 1934 

1929 ^ ^ Congenital Esophageal Atresia, Am J Roentgeno » 
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this type of esophageal atresia with fistula The more careful examina- 
tion of such patients probably explains the more common finding of a 
tracheal fistula associated with the esophageal atresia The assoaated 
tracheoesophageal fistula is the reason for many of the technical diffi- 
culties in operative treatment 


ASSOCIATED ANOMALIES 

Many writers have called attention to the frequent association of 
other anomalies with tracheoesophageal fistula, particularly anomalies 
of the gastrointestinal tract In this senes there were 7 instances of 
associated anomalies of the gastrointestinal tract which if not treated 
by operation were m themselves incompatible with hfe In 5 instances 
there was an imperforate anus, and there was 1 instance each of atresia 
of the ileum and atresia of the duodenum One patient had both 


Tyiw 1 
Type 2 
Type 3a 
Type 3b 
Type 3c 


Distnbution of Various Types of Aiioinoly 


Oases Eer Cen^ 

0 0 

1 3 

1 s 

29 91 

1 3 

32 199 


duodenal atresia and an imperforate anus, and another had a recto 
vesical fistula m addition to the imperforate anus Other less importan 
anomalies were Meckel’s diverticulum, which occurred in 5 cases, 
various anomalies of the heart and blood vessels, which were foun m 
7 instances, and anomalies of the gemtounnary tract, which wer^ 
observed in 6 cases The patients in case 8 and case 11 were c i 
of the same parents 


SYMPTOMS AND DIAGNOSIS ^ 

The symptoms are charactenstic and striking They are 
chokmg and cyanosis occurring m the first few hours of life> ffered 
invariably these attacks are aggravated whenever any fluid i^ ° 
the infant Attempts to swallow fluid are followed by 
regurgitation and are usually accompanied with evidence 
of fluid into the air passages, shown by choking, coughing an 
Between attacks it is usually noted that the infant has ari ex 
amount of mucus or saliva coming from the mouth Often 
tions are described as frothy in appearance and indicate e 
of secretions into the trachea The aforementioned 
suggest the diagnosis, and if the presence of an anomaly is 
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the taking of a roentgenogram without the use of a contrast medium is 
helpful Whether or not there is a fistula associated with the atresia, the 
giving of barium sulfate by mouth is accompanied by great danger and 
should never be done Aspiration of barium sulfate alone into the air 
passages results in an irritative type of pneumonia Aspiration of iodized 
poppyseed oil is relatively harmless in itself, but even with the most 
careful technic there will be some aspiration of the oil plus mucus and 
saliva containing the oral organisms from the upper segment of the 
esophagus It is important also to realize that the use of a contrast 
medium will not give any helpful diagnostic information that cannot 
be obtained without its use Before the plain roentgenogram is taken, a 



roentgenogram taken without a contrast medium, showing t e ca le er 
0 structed m the upper segment of the esophagus There is no gas m e s 

r bowel This indicates that the anomaly is either type 2 or type 3a ’ ^ , 
K^ogram taken without a contrast medium, showing the catheter os c e 
^ upper segment of the esophagus and gas in the stomach and owe 
commonest type of anomaly, type 3b The rare type 3c would give 
picture. 


a similar 


rubber catheter should be passed down the esophagus as far ^ 

^2 SO The level of the upper pouch can be clearly demonstrate y 
procedure If there is no gas in the stomach or bowel, the anomaly 
2 type 2 or type 3a If the catheter meets an obstruction an 
re IS gas ^ stomach and bowel, it is either type 3b or type 
^r Pracbcal purposes this is all the differentiation needed preopera- 
as \vill be shown later (see accompanying illustration) 
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REPORT OF CASES 

Case 1 — J F , a boy, entered the hospital Sept 5, 1929, at the age of 12 days, 
with a typical history of attacks of choking, cyanosis and the immediate vomiting 
of fluids taken by mouth 

Roentgen examination with barium sulfate showed a blind upper segment of 
the esophagus , the lower end communicated with the trachea, as was shown by the 
gas m the stomach and bowel The anomaly was of type 3b There was evidence 
of bilateral pneumonic infiltration 

An anterior gastrostomy was done Sept 5, 1929 (Dr C G Mixter) Theraedi 
astinum was then explored through the back by the extrapleural approach The 
lower segment of the esophagus communicated with the trachea just above the bifur 
cation The blind upper end was somewhat dilated The lower segment of the 
esophagus was separated from the trachea, and the fistula, which was about 
inch (0 32 cm ) in diameter, was closed The lower segment of the esophagus 
was freed, a catheter was inserted, and the opening of the lower part of the 
esophagus was sutured to the skin just to the right of the spine The child died 
at the end of the operation No autopsy was performed 

Case 2 — McL , a girl, entered the hospital Dec 29, 1929, at the age of 
1 day, with a history of large amounts of mucoid saliva coming from the nose 
and mouth shortly after birth and also of “choking attacks “ 

Roentgen examination with barium sulfate showed atresia of the esophagus at 
the level of the bifurcation of the trachea There was a considerable amount o 
opaque material in the main bronchial tree The stomach and intestines contain 
a large amount of air, demonstrating a communication between the lower part ot 
the esophagus and trachea The anomaly was of type 3b There was diffuse pen 
bronchial congestion but no gross consolidabon 

Operation (December 30) consisted of exploration of the mediastinum through 
the posterior extrapleural approach (Dr W E Ladd) The upper segment of ^ 
esophagus was dilated and blind The lower end of the esophagus jome ^ 
trachea just at the bifurcation The communicating segment was doubly tie^ 
and cut between the ties The lower segment of the esophagus was broug t ou 
through the back and sutured to the skin The patient died just as the opera lo 
was completed j 

Postmortem examination showed bilateral pneumonia and clearly demimstra^^ 
the danger of using barium sulfate m these cases The bronchial tree in is c » 
as in the previous one, was filled with aspirated barium sulfate. 

Case 3 — J C P , a boy, entered the hospital July 10, 1930, at the 
4 days, with a typical history of regurgitation of liquids associated 
of cyanosis and choking and of an excessive amount of “mucus’ coming ^ 
mouth and nose Coarse rales were heard throughout both lungs, an roe^ 
examination showed the upper blind pouch of the esophagus at the eve 
third dorsal vertebra and gas in the stomach and intestmes 

Operation (July 10) consisted in exploration of the mediastinum 
postenor extrapleural approach (T H L ) The lower segment of t e 
communicated with the trachea at its bifurcation The anomaly was 
The communicating segment was doubly tied and cut between the ties ^ better 
segment of the esophagus was freed and sutured to the cutaneous 
exposure was obtained m this case than in the 2 previous ones, ut a 
was made m the pleura The child lived about twelve hours 
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Postmortem examination showed bihteral pneumonia There were bilateral 
megaloureters as an associated anomah 

QsE 4 — J P, a bo}' entered the hospital Vug 17, 1930, at the age of S days, 
because of regurgitation of all fluid taken by mouth and because of bilateral 
pneumonia Roentgen studies with barium sulfate had been done at another 
hospital After transfusion the child improved slightl>, and on August 18 an 
exploration ot the mediastinum wob made through the posterior extrapleural 
approach (Dr G D Cutler) The upper segment of the esophagus ended blindly 
The lower segment communicated with the trachea just above its bifurcation The 
anomaly was of type 3b The fistula was doublv* tied and cut between the ties 
The lower segment of the esophagus was brought out and sutured to the skin 
The patient lived one hour 

Postmortem examination showed marked bilateral pneumonia and, as associated 
anomalies, Meckel’s diverticulum and bilateral stenosis of the ureters with hydro- 
nephrosis 

Case 5 — 0 F, a bo}, entered the hospital Oct 29, 1930, at the age of 4 days, 
with a typical history of attacks of cyanosis, choking and an excessive amount of 
mucus in the moutii and larynx Roentgen studies with barium sulfate had been 
made at another hospital, and atresia of the upper end of the esophagus had 
been demonstrated The child was well developed but poorly nourished and in 
considerable respiratory difficulty Coarse rales were heard throughout both lungs, 
and roentgenograms showed aspiration pneumonia and gas in the stomach and 
mtes tines 

On October 30 exploration of the mediastinum was made tlirough the posterior 
extrapleural approach (Dr C G Mixter) The upper segment of the esophagus 
ended blindly about 2 cm above the bifurcation The lower segment of the esophagus 
communicated with the trachea just above its bifurcation The anomaly was of 
type 3b The fistula was doubly tied and cut between the ties The lower seg- 
ment of the esophagus was freed, brought out and sutured to the skin The patient 
wed fifty-si\ hours Postmortem examination showed bilateral pneumonia and 
congenitally cystic kidneys 

Case 6-~E M , a boy, entered the hospital April 28, 1931, at the age of 4 days, 
T ^story of regurgitation of all fluid taken by mouth There had been no 
Poking or cyanosis The day before entrance he had several convulsions He 
a poorly nourished, dehydrated infant Respirations were labored and difficult, 
n there were signs of bilateral pneumonia 

0 improved slightly after a transfusion and parenteral fluids had been given, 
on April 29 exploration of the mediastinum was done through a posterior 
^^rapleural approach, but the patient died just as the mediastinum was exposed 
G D CuUer) 

Postmortem examination showed a tracheoesophageal fistula The anomaly was 
^ype 3b There were also bilateral pneumonia, bilateral otitis media and 

ase 7 J Y ^ ^ entered the hospital Sept 3, 1932, at the age of 1 day, 
of an unperforate anus 

flex * examination showed that the blind distal end of the sigmoid 

high to reach from a perineal mcision, a sigmoidostomy was done 
atres^ but on the following day, on an attempt to pass a Levine tube 

^ the esophagus was discovered Roentgen studies with a catheter and 
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injection of iodized poppyseed oil showed that the upper segment of the esophagus 
ended m a blind pouch There was a fistula between the lower segment of the 
esophagus and the trachea, as demonstrated by the gas in the bowel The anomaly 
was of type 3b The patient had an aspiration type of pneumonia and died on the 
third day No postmortem examination was made 


Case 8 — J B , a boy, entered the hospital Dec 2, 1932, at the age of 7 hours, 
because of an imperforate anus As the blind end was too high to reach from a 
perineal incision, a sigmoidostomy was done on December 3 It was noted at the 
time of operation that the infant had considerable difficulty in breathing, and there 
were several attacks of cyanosis, which were relieved on suction of material from 
the mouth and throat 

In spite of the previous case, the possibility of tracheoesophageal fistula was 
not senously considered until the following day, at which time roentgen studies 
showed complete obstruction of the upper segment of the esophagus and a large 
amount of gas in the stomach and intestines On exposure (Dr W E Ladd) of the 
postenor mediastmum a tracheoesophageal fistula (type 3b) was found, but the 
patient died on the table No postmortem exammation was made 


Case 9 — R H , a boy, entered the hospital Feb 13, 1933, at the age of 3 days, 
with a typical history of regurgitation of all fluid given by mouth, at which times 
there were attacks of cyanosis Roentgen studies with barium sulfate at another 
hospital had shown an obstruction of the upper segment of the esophagus On 
admission the lungs showed some evidence of pneumonia, due in part at least to 
the barium sulfate, which had been aspirated into the lung 

On February 13 the mediastinum was explored through the posterior extra- 
pleural approach (T H L ) The lower segment of the esophagus \vas identifie 
and found to enter the trachea at its bifurcation The anomaly was of type 3 
Two ties were placed about the fistula and cut between The lower segment o 
the esophagus was freed, a soft rubber catheter was inserted, and the esophagus 
was brought out and sutured to the external wound 

The child did fairly well for nme days, but it was obvious that some e m 
must be made to extenonze the upper end of the esophagus, because of 
culty m preventmg aspiration of the contents of the upper bimd pouch On e 
ruary 25, through an anterior mcision in the neck, the upper segment o ^ 
esophagus was freed, brought out through the neck and stitched to the 
Its lower blind end was opened, and a small soft rubber catheter was 
This patient lived three days after the second operation and fifteen days a ter 
first operation. 

Postmortem examination showed bilateral pneumonia and some me as 
In this case it was felt that a better exposure of the mediastmum was o 
resecting the third, fourth, fifth and sixth ribs instead of the fourth, ^ 
and seventh ribs as m the previous mstances (See text for description o me 
advised at present ) ^ 

Case 10 — M C, a girl, entered the hospital Aug 13, 1933 at 
days, with a typical history of regurgitation of all liquid taken by mout 


had also been several attacks of choking and cyanosis ^ 

Roentgen studies with barium sulfate at another hospital demonstrate^^ ^tire 
upper segment of the esophagus, and there was barium sulfate throughout 
bronchial tree Roentgen exammation here showed a large amount o g^^^ fluids 
stomach and mtestmes and some infiltration of the lungs After 
had been given, exploration of the mediastium through the postenor ex 
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approach was done on August 13 (T H L) Tlic lower segment of the esophagus 
\vas found to commumcate with the trachea at its bifurcation The anomaly was 
of type 3b The fistula was doubly Ucd and cut between the tics A catlieter was 
inserted m the lower segment of the esophagus This lower segment was freed an 
brought out through the wound The patient died twelve hours after the operation 
Postmortem examination showed bilateral pneumonia and bilateral 
In addihon there were hfeckel’s diverticulum and an interventricular septal defect 
of the heart, and there was no gallbladder Fluid from the chest grew Stap y ococ 
cus aureus In tins case there was a rather wide separation (3 cm ) between t le 
Upper and the lower segment of the esophagus 

Case 11— M L, a girl, entered the hospital Sept 22, 1933, at the age of 15 
days« As usual there was a history of an excessive amount of mucu^ coming rom 
the mouth, and there had been attacks of choking and cyanosis whenever iqun s 
were offered Roentgen studies witli barium sulfate at another hospital had demon- 
strated a blind end of the upper segment of the esophagus 

On September 23 the mediastinum was explored through a posterior extrapleural 
approach (T H L) The third, fourth, fifth and sixth ribs were sectioned just 
to the nght of the transverse processes, and about 1 inch (2 5 cm ) of eac o 
these nbs was resected The pleura was pushed laterally, and the mediastinum 
was entered The lower segment of the esophagus communicated with the trac ^ 
at its bifurcatiom The upper segment ended blindly The anomaly w^as of 
The fistula was doubly tied and cut between the tics A soft rubber catheter 
was inserted in the lower segment of the esophagus which was freed, brought out 
through the wound and sutured to the skin 

The child stood the operation fairly w^ell, and four days later (September - 
upper segment of the esophagus was freed, brought out and sutured to the 
cutaneous wound of the neck Its blind end was opened, and a catlieter was 
inserted for drainage. 

On September 30, seven days after the first operation, it was found that 
opening of the lower segment of the esophagus had become detached from the 
cutaneous wound It had retracted within the posterior thoracic wound, and it 
was no longer possible to introduce food through its opening 

On October 1 the posterior wound was opened, and the lower end of t e 
^Phagus was found and tied It could not be brought out to the surface of the 
swn, as it had retracted and was adherent It was felt that an attempt to free 
would lead to further infection A dram was replaced in the posterior wound, 
an antenor gastrostomy was then done For about two weeks after the anterior 
^trostomy, the child did well and gained weight She then had diarrhea , signs 
0 u Paeumonia appeared , her course became downhill, and see o 
ctober 23, at the age of 47 days Death occurred twenty-five days after t 
^ procedure and thirty-two days after the first operation 

showed bilateral pneumoma, moderate mediastimtis, bilater^ 
at aureus), bilateral hydronephrosis and stricture of the ng ure e 

^ ureteropelvic junction 

^ ^ entered the hospital Dec 14, 1933, at the age of - days, 
^ ^ of attacks of cyanosis, dyspnea and choking There was ^ 

An ^^ount of mucus coming from the mouth, which was relieve y sue 

irram ^ catheter showed an obstruction to the esophagus ^ . 

^ and intestines and also considerable infiltration 

and a probable aspiration type of pneumonia. 
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ra~n:l^ anollTTct%" Pat:en^sXTroth!; h^S 

on acconn^^ age of 11 dajs 

was offered h ‘^' dyspnea and choking since birth whenever fluid 

vL rot .1 " 7 ^ (1-307 Gm ). and there 

rsonhaeT,? evidence of bilateral pneumonia A catheter met an obstmchon in the 
esophagus at about the level of the second dorsal vertebra 

nlp.ir^i exploration of the mediastinum through the posterior extra- 

pleural approach was done (T H L ) The fourth nb was resected for about 

rp, third and fifth ribs were cut close to the transierse 

.t 4 . u ^ o'ver segment of the esophagus was found to communicate with 
^ ufcation The anomaly was of type 3b There was better 
sure 0 e site of the fistula than m any previous case On account of the 
or con ition of the child, a double tie was placed about the fistula and cut 
nU j L planned to do an anterior gastrostomy later However, the 
le t ree hours after the operation No autopsy was performed 

^ entered the hospital Sept 4, 1934, at the age of 2 days, 
a ypic istory of attacks of choking, vomiting and cyanosis whenever fluid 
was etween attacks there was an excessive amount of mucus coming 

om e mouth At another hospital a catheter had been passed, and complete 

obstruction of the esophagus had been demonstrated 

On admission scattered rales were heard throughout both lungs, tlic baby 
was poor y developed and poorly nourished and weighed only 5 pounds (2,268 Gm ) 
fh passed down the esophagus, and an obstruction was met at 

e eve o the first thoracic vertebra There was no air demonstrable in the 
stomach or in the intestines It was felt that the child had atresia of the esophagus, 
t^e 2, that is, both segments of the esophagus ended blindly Two hours after 
a nussion the child had a severe attack of cyanosis, and respirations ceased 

ostmortem examination showed that the upper and lower segments of the 
osop agus were separated by about 5 cm , though there was a fine fibrous cord 
connecting the two On careful dissection the upper segment of the esophagus 
was oMd to have a pin-sized fistula connecting it with the trachea The anomaly, 
en, s ould be classified as type oa and not type 2 There was marked bilateral 
pneumonia Culture from the heart’s blood and peritoneum showed Staphylococcus 
albus haemolyticus 

This mistake in diagnosing the type of anomaly is probably not of importance 
as regards surgical treatment The fistula was so small that it is unlikel> that 
ere was any aspiration of matenal through it from the upper segment No 
air had passed through it 

C\SE 15— J C, a boy, entered the hospital on March 7, 1935, at the age 
^ with a typical history of cyanotic attacks occurring a few minutes after 

birth, which were relieved on suction of mucus from the mouth These attacks 
continued, and on admission there was a very severe one The lungs showed 
eudence of consolidation, and coarse rales were heard throughout both side^ of the 
chest Roentgenograms taken after passing a catheter showed the upper segment 
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of the esophagus to end blindlj at about the ksel ot the second dorsal \ertebn, 
and there was considerable gas in the bowel The child died a few hours after 
admission, no operation basing been performed 

Postmortem examination showed a tracheoesophageal fistula of tjpc 3b, bilateral 
bronchopneumonia of tlie aspiration type, atresia of the right ureter i ec e s 
diverticulum and obtis media (Staph aureus) 

Qse 16— M C, a girl, entered the hospital Jan 1, 1936, at the age of 2 days 
There had been difficulty witli breathing since birth and regurgitation o a ui 
taken by raoutli On entrance there was some diininislKd resonance o\cr tie e t 
side of the chest, and manj coarse rales were heard in both lungs A cat eter 
passed down into the esophagus met an obstruction at the level of tlic secon 
dorsal vertebra There was considerable gas in the stomach and intestines 
On January 2, an exploration of the mediastinum througli the posterior 
pleural approach was done (T H L ) About V/t inches (3 7 cm ) of the fourth 
nb was resected, and the tliird and fifth ribs were sectioned close to the transverse 
processes In pushing the pleura laterally a small hole was made in it o 
exposure was obtained The upper segment ended bhndl>, and the lower segment 
of the esophagus was found to communicate with the trachea just above the bifurca 
tioiL The anomaly was of type 3b The fistulous tract was doubly tied and cut 
between the ties The upper and lower segments were tlien freed , both ends were 
opened, and an end to end anastomosis was performed with interrupted mattress 
sutures of fine silL, The wound was closed, a small rubber drain being left 
to the mediasUnum The child^s condition was good at the start but was rather 
P^r at the end of the procedure, and he died three hours after the operation 
Postmortem examination showed bilateral acute bronchitis and a moderate 
amount of pulmonary atelectasis The anastomosis appeared to be tight and no 
under undue tensiom 


Case 17— J N, a boy, entered the hospital April 24, 1936, at the ZQQ of 4 
because of persistent vomiting and regurgitation of everything ta en y 
n^uth and attacks of choking occasionally associated vviUi cyanosis 
ral« were heard throughout both lungs Roentgen examination showed that tne 
^theter passed down the esophagus met an obstruction at about the level ot the 
5^nd dorsal vertebra There was a large amount of gas m the stomach an 
ntestines, and there was also considerable infiltration in both lungs 
On Apnl 25 the mediastinum was explored (Dr W E Ladd) ^ 

^;nor extrapleural approach, and in this case 2 inches (5 cm ) each of the tlnrd 
rth. fifth and sixth ribs was removed The lower segment of the esophagus v 

lo ^mmunicate with the trachea at the bifurcation The upper en was 
tne anomaKr ^ a the lower segment 


w.uuaic wun me tracnea at me 

anomaly was of type 3b The fistula was ligated and cut , the lower seg 

luH L was freed and brought out through the wound after a 

placed ,n the esophagus ^ . 

^ patient died two hours after operation No autopsy was per orme 

18-C L, a boy, entered the hospital June 14, 1936. at 8 da^s °f ^ 
STL r ^^eurgitabon associated with attacks of cyanosis and " 

S feeding Roentgen studies with barium sulfate at an 
examm segment of the esophagus On adniission _ 

donnn^ considerable infiltration of both lungs and evi ence , j 

a considerable amount of banum sultate m * bronchial 
iresumM ^^ount of gas was seen in the stomach and intes nes, 

St the anomaly was of type 3b 
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On June 14, the mediastinum was explored through a posterior extrapleural 
approach, with resection of a portion of the fourth and fifth nbs, the third and 
sixth nbs being sectioned close to the transverse processes (T H L ) Good 
exposure of the mediastinum was obtained The upper segment of the esophagus 
was not seen The lower segment of the esophagus communicated with the trachea 
at the bifurcation The fistulous tract was doubly tied and cut between the bes. 
After a catheter had been placed in the lower segment of the esophagus, it was freed 
and brought out through the wound The child did fairly well, but, on account of 
the constant aspiration of mucus from the upper segment, on June 25, ten days 
later, the upper segment of the esophagus was dissected as far as possible, doubh 
tied, cut between the ties and sutured to the skin on the anterior surface of the 
neck In this case complete dissection of the upper segment was not acconiolished 
On June 29, it was found that the lower segment of the esophagus had separated 
from the cutaneous wound and had retracted within the chest 

On June 30, an anterior gastrostomy was done by the Witzel technic The 
sutures and dram were removed from the anterior upper wound, and there ws 
no evidence of infection in the neck There was a considerable amount of sain a 


draining from the upper esophagostomy opening At this same time the posterior 
esophagostomy wound was explored The tissues were very friable, and there 
was evidence of considerable infection in this area The open end of the lower 
segment of the esophagus was not seen This posterior wound was left open wi i 
a drain The child did fairly well for a week, after which he began to go down 


hill He died on July 12 

Postmortem examination showed a rather marked degree of mediastinitis 
bilateral pneumonia with multiple small pulmonary abscesses, moderate fibrinous 
pleuritis on the right, otitis media and pentomtis Culture of the exudate in tie 
right pleural cavity grew gram-negative cocci and gram-negative bacilli 

This attack on the problem brings out a number of points This case, as 
well as case 11, shows that if the patient lives it is difficult to keep the 
lower end of the esophagus attached to the external wound in the back 
the lower segment is freed for a considerable distance, the tension wl , 

to retract If it is sufficiently freed, the blood supply at its open end is pro a^^^ 
interfered with Also it seems clear that unless the upper segment 
the patient will continue to be in danger of having an aspiration type of 
In this instance postmortem examination showed that there had been a sma 
connecting the distal stump of the upper segment of the esophagus with e ra 
This must have been an added factor m the aspiration of the contents from t e u 
segment The anomaly in this case should be classified as type 3c 

Case 19 — J T, a boy entered the hospital Julv H, 1936, at the 
All fluids given by mouth were immediately regurgitated or vomite , an 
an excessive amount of mucus coming from the mouth There had e j<ondition» 
attacks of cyanosis On exammation the child appeared in fairly goo 
though coarse rales were heard throughout both sides of the ^ esophagi^^ 

exammation showed complete obstruction of the upper segment o 
and considerable gas in the stomach and intestines The anomaly ^ ^ 

On July 11, about 2 inches (5 cm ) of the fourth nb was resecte 
and the third and fifth nbs were sectioned close to the 

intercostal muscles were separated, the pleura pushed laterally and t lowtt 

entered A small rent was made in the pleura, but this was resuture 
segment of the esophagus was found to communicate with e ra^^ 
bifurcation. The fistulous tract was doubly tied and cut between 
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the lo«er segment \sas freed The upper end uas identified and freed The two 
ends were cut and anastomosed with interrupted niattress sutures of silk 

The patient stood the operation fairly well The exposure was good, and 
It was felt that the anastomosis had been done without tension During le o o\ 
forty-eight hours the infant’s respirations became \cr> labored, and he die 
seventy t\\o hours after tlie operation No postniortLiu examination was ma 


Case 20 —J 0 B, a boy, entered the hospital Nov 30, 1936, at the age of 
4 days There ws a typical history of diflicult breathing and attacks o cyanos s 
whenever hquid was offered b> mouth Examination showed a moderate egree 
of icterus, there were frequent mild attacks ot labored breathing assooatc wi 
cyanosis, and there w^s an excess of mucus coming irom the mouth a es were 
heard throughout both lungs and some harsh breath sounds over the ngit 
Roentgenograms showed that the catheter met an obstruction at the ower eve 
of the second dorsal vertebra and that there was a large amount o gas in le 
stomach and mtestines The anomaly was of tjpe 3b 

Operation was performed November 30 (T H L ) with tlie same approaci 
as m the previous case The lower segment of the esophagus was oun o 
communicate with the trachea through an unusually wide fistula The fistu a was 
doubly tied and cut between the ties The lower segment was mobi ize an 
opened, the upper blind segment was also freed and opened A.n anastomosis was 
done with several mattress sutures of fine silk, and there appeared to be no tension 
on the suture line. A small rent liad been made in the pleura, but this was c ose 
A rubber dram was left m the mediastinum, and the wound was closed 

This patient lived eight days and at tlic end of this time, perhaps unwis y, 
the patient was given a small amount of stenle saline solution by mouth, whicli 
^ swallowed easily The following day a slight serous drainage was not 
conung from the wound This was thought to contain saliva The same day the 
hab/s condition suddenly became poor, there was circulatory collapse, and he 
died on the nmth postoperative day t j 

Postmortem exarmnation in this case was rather discouraging in that it s ow 
a leak at the site of the anastomosis It was felt that this was due to tensio 
at the site of the anastomosis rather than a direct result of the fluid given y 
“^outh. There was acute posterior mediastinitis , Streptococcus haemolyticus was 
^^ated There was a slight amount of fluid m both lungs, which on culture 
Str haemolyticus There was bilateral pneumonia. Str haetno^ticus was 
isolated from the blood stream MeckePs diverUculum, a hemivertebra and an 
a^^ly the pancreatic duct were associated with the condition 

In spite of this fatality, it was felt that progress in treating this condition by 
direct attack was being made. At least there was no undue operative shock, 
0 patient lived over a week 


Case 21 -M O'S, a girl, entered the hospital May 12. 1937 at the age of - 
t *^use of attacks of vomiting, regurgitation of fluid and cyanosis s 
^ There was a moderate amount of abdominal distention, and there ivas 

anus wth a narrow opening at the juncUon of the posterior wall of the 
^gina and the penneum Both lungs showed evidence of a pneumonic process 
In spite of the poor condition of the child, an attempt was made after giving 
nnsfnsion and parenteral fluids to explore the posterior mediastinum throug 
e'ttrapleural approach (T H L) When the mediastinum was entered i 
found that the lower segment of the esophagus entered the trachea at a lower 
seem appearing as a direct continuation of the trachea. e up 

^ '"t was found to end blindly, there was a rather wide separation (3 cm) 
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between the upper and the lower segment of the esophagus The patient's breath, 
ceased before any further operative procedures were carried out 

examination showed, in addition to the tracheoesophageal fistula 
(t^e 3b), an ectopic anus, infantile coarctation of the aorta, anomalous and 
rudimentary attachment of the mesentery of the bowel, acute bilateral broncho 
pneumonia, aspiration of amniotic sac contents and acute mastoiditis on the left Had 
this pahent lived an attempt would have been made only to close the fistula at that 
me ere was too wide a separation between the two segments to justify trying 
to anastomose them Additional later procedures would have been necessary 


Case 22 — J G , a boy, entered the hospital July 26, 1937, at the age of 2 days 
there had been regurgitation with some cyanosis on attempted feeding Examina- 
roentgen rays at another hospital had not included the use of opaque fluid 
e ^ ^ d was in fairly good condition, Roentgen examination at this hospital 
s owe that the catheter met an obstruction at the fourth thoracic vertebra and 
at ere was gas in the stomach and in the upper part of the intestinal tract 
Ihe anomaly was of type 3b 


n July 27, the mediastinum was explored through the posterior extrapleural 
approach (T H L) About 1 inch (2 5 cm) of each of the fourth and fifth 
ri s was resected, and the third and sixth ribs were sectioned close to the 
transverse process This gave an excellent exposure, and the lower segment of 
t e esophagus was found to communicate with the trachea at its bifurcation 
e fistulous tract was doubly tied and cut between the ties The lower and upper 


segments were then freed, and it was possible to bnng them together without 
tension The upper segment of the esophagus was opened at its lowest point, and 
t e two ends of the esophagus were then anastomosed with interrupted mattress 

sutures of fine silk A rubber dram was placed in the mediastinum, and the wound 
was closed 


The patient recovered from the operation and with administration of parenteral 
uids his condition greatly improved He was given nothing by mouth There was 
a slight serous discharge from the posterior wound on the fifth day Parenteral 
fluids were given daily, as well as several blood serum tranfusions On the ninth 
postoperative day the respirations suddenly became labored, and the child died in 
a very few minutes 

Postmortem examination showed that the two ends of the esophagus were 
approximated, and, although there was slight tension in this region, there was no 
evidence of leakage The wound appeared to be healing well, and there was little, 
if any, mediastinitis Cultures showed no growth It was felt that the anastomosis 
had been adequately done There were dilatation of the right side of the heart, 
hemorrhage in the lungs and free fluid in the serous cavities There seemed 
little doubt that death was caused by too much fluid given parenterally A constant 
intravenous mfusion was used, and this I now realize to be very dangerous for 
patients of this age group Distressing as was the result in this case, it showt> 
that a direct attack with primary anastomosis may be successful 

Case 23 — F R , a girl entered the hospital Aug 26, 1937, at the age of 36 hours 
because of an imperforate anus Operation to correct this was done on August - 
It was noted at the time of operation that the baby had attacks of cyanosis an 
that there did not seem to be as much meconium in the rectum as is usual On the 
second day moist rales were heard in the chest, and there were some attacks oi 
cyanosis Roentgen examination showed that the catheter had met an obstrucUon 
at the level of the fourth dorsal vertebra There was a considerable amount o 
air m the stomach and intestines 
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On August 28, the posterior iiKcliastinum was L\i)lorcd througli the extrapleural 
approach (Dr G D Cutler) The upper segment of the esophagus was found to end 
blindly, while an attempt was made to identify the lower end the patient’s condition 
became very poor, and he died on the table. 

Postmortem examination sho\%cd a tracheoesophageal fistula type 3b There 
were also Meckel’s dnerticulum, marked bilateral bronchopneumonia and the i»st- 
operative repair of an imperforate anus In view of cases 7 and 8 in which there 
was an imperforate anus in addition to a tracheoesophageal fistula, this condition 
might have been recognized sooner 

Case 24 —J G, a bo>, entered the hospital Oct 1, 1937, at the age of 48 hours, 
with a history of repeated attacks ol cjanosis and choking whenever liquid was 
offered There was also a note that nothing had been passed by rectum 

On examination coarse rales w'crc heard throughout both lungs Roentgen 
exammation showed that tlie catheter met an obstruction at the level of the 
first dorsal vertebra. There was no gas in the stomach or intestines A diagnosis 
of esophageal atresia, t>pe 2 (see illustration, B) was made, and it was felt that 
this type of anomaly in the presence of pneumonia would be better attacked by an 
anterior esophagostomy of the upper, blind end followed by an anterior gastrostomy 
This was done on October 1 (Dr P J Mahone> ) The child did fairly well at first, 
but on the seventh day his condition became poor , there was evidence of bilateral 
pneumoma, and he died on the eighth postoperative day 

Postmortem examination showed esophageal atresia of type 2 , that is, 
ends were blind, neither segment communicating with the trachea, and the two in 
ends were separated by about 5 cm There were bilateral pneumonia, dextraposition 
of the aorta and an interventricular septal defect There was an area of erosion 
in the stomach, with perforation and peritonitis This area was not associate 
With the gastrostomy wound, and its cause was obscure Microscopically the wa 
of the stomach showed an extensive infiltrative reaction with autolysis but without 
evidence of inflammatory reaction The observation in this case of cerebral cortica 
atrophy raises the question whether this gastromalacia might be similar to the 
Cushing ulcers associated with lesions in the region of the third ventricle In on y 
other case has there been observed such a wide separation of the two segments of the 

esophagus 


Case 25^ — M W, a girl entered the hospital July 24, 1938, at the age of 3 days, 
'vith a history of difficulty in swallowing and occasional attacks of choking n 
admission the child was in rather poor condition Roentgen exammation with a 
o^fficter passed down the esophagus showed that the upper end of the esophagus 
^ od blindly and that there was a large amount of gas in the stomach and intesUnes 
ere was pneumonic infiltration in both lung fields Operation, perforrne on 
July 24 (Dr P J Mahoney), consisted in exploration of the mediastinum by the 
^pleural approach The patient died just as the mediastinum was entered Post- 
■uortem examination showed marked pneumonia on both sides and a tracheoesop agea 
^ of type 3b It appeared as though the two segments were close enoug 
^ Permit anastomosis In addition there were dextraposition of the descending 
a slight degree of infantile coarctation of the aorta and a paten 
hrn ^ ^^^^osus. Death was due to surgical shock as well as to a i atera 
nchopneumonia This was the first attempt m this hospital of a transpleural 
^I^P^^ach to the mediastinum 

M H , a girl, entered the hospital Dec 26, 1938, at the age of 1 day, 
of an imperforate anus and occasional attacks of cyanosis oen gen 
^^^nation showed a pneumonic process m both lungs A catheter was not 



1074 


ARCHIVES OF SURGERY 


passed down the esophagus There was a collection of gas in the upper portion 
of the abdomen, which gave the appearance of obstruction of the duodenum 
with dilatation of the stomach and duodenum There was no gas in the intestines 
distal to the duodenum No estimate could be made of the extent of the intestinal 
atresia 

On December 27, an abdommal exploration was made (T H L) Duodenal 
atresia was found, which was relieved by a side to side duodenojejunostomy The 
remamder of the intestinal tract seemed patent On the next day, operation for 
imperforate anus was undertaken The rectum was easily freed, opened and sutured 
to the edge of skin without tension. The child died within twelve hours after 
the second operation Postmortem examination showed, in addition to the findings 
already known, a tracheoesophageal fistula of type 3b There was extensive bilateral 
bronchopneumoma There were an interventricular septal defect of the heart and 
almost complete stenosis of the right ureter The two operative procedures for the 
two recognized lesions seemed adequate 


Case 27 — J F , a girl, entered the hospital on March IS, 1939, at the age of 
3 hours, on accoimt of an imperforate anus Attacks of slight cyanosis had been 
noted soon after birth On admission the respirations were labored, but nothing 
abnormal was noted in the chest There was no anal opening There appeared 
to be a bifid scrotum, above which was a rudimentary structure thought to be a 
perns or possibly the clitoris No testes were felt On account of increasing 
cyanosis an attempt was made to suction fluid from the mouth, but it was found 
that a catheter could not be passed into the stomach. There was much gas m the 
stomach and intestines In view of the experience m other cases of tracheo- 
esophageal fistula associated with an imperforate anus, it seemed rational to atta 
the fistula first, as the more urgent anomaly 

On March IS, the mediasbnum was exposed (T H L ) through a transpleura 
approach between the fourth and fifth nbs The posterior mediastinum was enter 
The lower segment of the esophagus was found to enter the trachea just above i^ 
bifurcation, and the blind upper segment was found 1 cm above it o 
«nds were freed, and an anastomosis was performed with interrupted mattress 
sutures of silk, but before this operation could be completed the patient died 
Postmortem examination showed that the anastomosis was well performe an^ 
not under tension, but, of course, whether it would have remained tight canno 
be stated In addition there was the known atresia of the rectum, there we^^^ 
also a bicornuate uterus, a patent ductus arteriosus, a persistent cloaca, a cys^^^ 
left kidney and hyperplasia of the clitoris In this case, as in case 27, there see 
to be considerable shock associated with the transpleural approach 
Case 28— J K, a boy, entered the hospital May 20, 1939, at the 
days, with a typical history of regurgitation of large amounts of ^ 

of cyanosis and choking spells assoaated with the giving of fluid y 
There was also marked abdominal distention, and nothing had 
rectum A diagnosis of intestinal obstruction in addition to a pro a e 

esophageal fistula was made dilated 

Abdominal exploration (T H L ) showed that the small intestine 
and gangrenous from about 8 inches (20 3 cm ) below the ligament o 
just distal to the ileocecal valve The bowel was obviously not via e 
and anastomosis between the remaimng small intestines and the ^ stomach 

were done In view of the tracheoesophageal fistula, the cardiac ^ ^ ^pjtc 

was then ligated, and a gastrostomy was performed below did 

of these heroic measures, the justification for which is debata e, t e 
not die until the third postoperative day 
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The postmortem obser\ations, iii addition to the conditions noted at operation, 
were a tracheoesophageal fistula of type 3b, bilateral pneumonia, bilateral pleuritis, 
some pulmonary edema, cerebral congestion, coarctation of the aorta, stenosis of 
the nght ureter and bifid pehis of the left kidney The cardiac end of tlie stomach 
was well closed There was some free fluid in the peritoneal cavity, but there 
was no pentonitis 

Case 29 — Y 0, a girl, entered the hospital Aug 20, 1939, at tlie age of 
6 hours, because of repeated attacks of cyanosis The child weighed 3 oounds 
8 ounces (1,533 Gim) and was in poor condition At entrance it was felt that 
some mtracramal injur> might explain tlie symptoms, and it w’as not until the 
third day that a tracheoesophageal fistula wms suspected and demonstrated There 
had not been any attack of vomiting, and, although the fluid gi\ cn by mouth was 
regurgitated, it was felt that this was merely an evidence of inability to suck 

Roentgen examination showed obstruction in tlie esophagus with air in the 
stomach The anomaly was of type 3b On account of tlie poor condition of 
the child it was decided to attempt the procedure ad\ocatcd by Gage and Ochsner,'^ 
as m case 28 Through an abdominal incision tlie cardiac end of the stomach was 
tied, and a small catheter was sewed in the fundus of the stomach The child s con- 
dibon remained poor, and she died twenty -four hours after the operation No 
autopsy was performed 

Case 30 — W M, a boy, entered the hospital Aug 20, 1939, at the age of 
3 days, with the history that tliere had been an excessive amount of mucus coming 
from the moutli, with \omiting and attacks of cyanosis and choking on attempts 
at feeding Coarse rales were heard throughout both sides of the chest Roentgen 
examination showed that the catheter met an obstruction it the third dorsal 
'ertebra, and there was considerable gas in the stomach and intestines 

Operabon was done on August 21 (T H L ) Through an abdominal approach 
the Gage Ochsner procedure was used The cardiac end of the stomach was tied, 
^ a gastrostomy of the Witzel type was performed After the operation the 
^bent conbnued to have cyanotic spells in spite of constant efforts to keep 
^upper segment of the esophagus free of secretions These increased in se\erity, 
on the third postoperative dav the child died during an attack 
At autopsy there were bilateral pneumonia and peritonitis probably due to leakage 
the gastric tube The tracheoesophageal fistula was of type 3b 

a girl, entered the hospital Jan 16, 1940, at the age of 3 days 
^vas the usual history of attacks of cyanosis and vomiting immediately after 
attempted She appeared to be a mongol, weighed only 4 pounds 
Lu 1 condition There was evidence of involvement of 

ungs A catheter passed down the esophagus met an obstruction at the 
second dorsal vertebra, and there was considerable gas in the stomach 
int^bnes It was decided to attempt the procedure suggested by Gamble® 
was opened (T H L), and the stomach was cut entirely across 
junchon of the upper and middle third The upper end was sutured to 
to allow free drainage of the lower segment of the 
(luceH of the stomach was closed, and a catheter was intro- 

^ower segment by the Witzel technic The patient lived only 

Awopsy showed bilateral pneumonia, bilateral pleunsy, a patent foramen ovale 
— _^^hoe kidney with three ureters There was no pentomtis, and the 

Gamble, H A Tracheo-Esophageal Fistula, Ann Surg 107 701, 1938 
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gastrostomy openings seemed tight However, it was too soon after operation 
for this to be significant 

Case 32 — H G , a boy, entered the hospital Feb 8, 1940, at the age of 1 da^ 
There had been a large amount of mucus coming from the mouth, but there had 
been no cyanotic attacks It was noted that the child had an imperforate anus, 
and there was a history of mecomum being passed from the bladder Roentgen 
examination showed that a catheter passed down the esophagus stopped at the 
level of the second dorsal vertebra There was gas in the stomach and bowel 
A film taken in the upside-down position showed that the gas in the blind end 
of the sigmoid flexure was at the brim of the pelvis 

Operation was performed on February 8 (T H L ) A tube was placed m 
the lower blind end of the sigmoid flexure The large bowel was greatly dilated 
with meconium , some areas of the bowel wall were very dark, but it seemed 
viable The sigmoid flexure was sutured to the peritoneum about the tube, and 
the wound was closed An upper left rectus incision was then made, and a very 
small stomach was delivered into the wound It was cut across at the junction 
of the upper and middle third as suggested by Gamble ® The distal end of the 
stomach was then closed, and a catheter was inserted and sutured in the distal 
segment for feeding Instead of attempting to suture the opened cardiac end of 
the stomach to the wound, the cardia was closed except for about Yz inch (12 cm ) 
on the greater curvature, where a catheter was inserted up into the esophagus 
and sutured in place This step is a modification of both the Gamble ® and tlie 
Leven ^ procedure The upper gastrostomy tube was sutured to the upper end 
of the wound , the pentoneum was brought together in the middle of the wound, 
and the lower gastrostomy tube was sutured to the lower end of the wound 
Muscle, fascia and skin were sutured between the two catheters The liver 
fered considerably with the delivery of the stomach in this case. The chi 
died forty-eight hours after the operation, and postmortem examination showe 
that the tubes were not leaking but that there was some blood in the peritonea 
cavity, and there appeared to be early peritonitis There were bilateral pneunioma 
and collapse of the upper lobe of the right lung The tracheoesophageal fistu a 
was of type 3b 

COMMENT 

Although Richter in 1913 advocated a direct attack on the pos^ 
tenor mediastinum, with exposure of the esophagus and trachea, Ms 
was considered a procedure of too great magnitude for an infant, an 
even today there are many who feel that this is so ^ 

In 1929 there was the first attempt at this hospital of any proce u 
other than a gastrostomy In case 1, Dr C G Mixter 
mediastinum through a posterior extrapleural approach This appr 
had been successful in draining the mediastinum m a previous 
purulent mediastinitis caused by a foreign body perforating the esop a 
In cases 1 and 2 the attempt was successful in closing the fistu 
bnnging the lower segment of the esophagus out through tie a 

9 Leven, N L Surgical Management of Congenital Atresia of the Es P 
with Tracheo-Esophageal Fistula, J Thoracic Surg 6 30, 1936, Ooeration 

10 Richter, H M Congenital Atresia of the Esophagu:> ^ 

Suggested for Its Cure, Surg, Gynec Obst 17 397, 1913 
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be used for feeding In both instances, however, the patient died almost 
immediately after the operation In case 3 the same procedure was 
used, and the child lived lor twel\ e hours, and in case 5 the patient 
survived for thirty-six hourb 

In 1933 the pobterior approach was used in case 9 , the fistula was 
dosed and the lower segment ot the CbOphagus cxtciionzed The infant 
survived nine days, at the end of which time the upper segment of the 
esophagus was exteriorized through an anterior incision ni the neck 
This patient lived fifteen days after the firbt operation and three days 
after the second 

Incase 11 the posterior approach to the mediastinum was made, the 
fistula was tied, the lower segment of the esophagus was exteriorized to 
the back, and four days later the upper segment ot the esophagus was 
extenonzed through an anterior incision in the neck Seven days later 
an anterior gastrostomy was done, and at the same time the posterior 
esophagostomy was closed The patient lived tw^entj-five days after 
the third operative procedure and thirt} -tw o days alter the first operation 
This case offered some encouragement, although it w as realized that had 
the child survived there w^ould still have been the problem of connecting 
the openings of the “upper esophagostomy^ w ith the anterior gastrostomy 
With increasing experience a better and better exposure of the 
posterior mediastinum was obtained, and it was possible to do this 
without making extensive tears in the pleura The operative procedure 
then consisted in subperiosteal resection of the third and fourth ribs for a 
distance of about to 2 inches (3 7 to 5 cm ), and section of the 
nbs above and below close to the transverse processes, the pleura being 
pushed laterally and the mediastinum entered 

Case 16 (1936) represents the first attempt at direct anastomosis 
^I'ough the extrapleural approach of the upper and low er segments after 
Ihe fistula had been tied This was successfully done, but the patient 
^ a few hours after the operation In case 18 a posterior eso^a- 
gostorny of the lower segment after closure of the fistula w^as done ne 

later the upper segment was extenonzed through an anterior 
^^^sion m the neck Four days later an anterior gastrostomy was done 
^ m case 11 The lower segment of the esophagus had separated from 
^ posterior cutaneous wound and had retracted within the chest This 
^hent died twenty-eight days after the first operation and thirty-six 
ys after birth (See report of case 18) 

In direct anastomosis after tying the fistula was tried again 

the patient hved seventy-two hours after operation n 
^ the same procedure was used, and the patient lived eig t ays 

report of case 20 ) 

operation m case 22 (1937) was the most nearly successful o 

posterior extrapleural approach was used , the fistula was c ose 
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and an anastomosis of the upper and lower segments was performed 
The infant lived nine days, and postmortem examination suggested that 
death was due solely to overhydration with parenteral fluid (See report 
of case 22 ) 

The extrapleural approach required a good deal of hme, so that in 
case 25 a transpleural approach to the mediastinum was used as practiced 
by Churchill The patient, however, was not in good condition and 
died of surgical shock on the table The condition in case 26 was hope- 
less, as duodenal atresia and an imperforate anus were also present In 
case 27 there was an imperforate anus as well as atresia of the esophagus 
In case 28 there was atresia of the ileum with extensive gangrene of the 
nudgut, due probably to a volvulus The condition in this case was 
hopeless 

The discouraging results m these last 6 cases led in 1939 to the use 
in cases 29 and 30 of the procedure suggested by Gage and Ochsner^ 
Both patients died It is felt that ligation ot the cardiac end of the 
stomach will not accomphsh its purpose, as secretions in the lower 
esophageal segment still can and do dram into the trachea 

In cases 31 and 32 the procedure advocated by Gamble® was used, 
though m case 32 this was modified somewhat after the manner suggested 
by Leven ® That is, the stomach was divided and the gastrostomy tube 
placed in the distal segment for feeding, and the upper segment of the 
stomach was exteriorized to allow material in the esophagus to dram to 
the outside We were unsuccessful in both cases , again the child 
in case 32 had in addition to the tracheoesophageal fistula and imper 
forate anus 

CONCLUSIONS 

From the foregoing comments certain conclusions seem justifiec^ 
Anterior gastrostomy is futile except in cases of anomalies of type 
and type 3a , that is, it is futile unless the lower segment does not com 
municate with the trachea These types are rare , each occurred only once 
in this senes, and it is important to point out that the anomaly in case 
14 was thought to be of t3q)e 2, but there was in fact a communicatiOT 
with the trachea from the upper esophageal segment, that is, type 
Differentiation between type 2 and type 3a is difficult or impossible eve 
if an opaque medium is used at roentgen examination 

Regardless of what procedure is used for the lower segment (ot le 
than a direct anastomosis), the upper segment must be treated in son 
way to prevent aspiration of the overflow secretions from this blin 
Constant suction, m my experience, is dangerous, and Leven 
called attention to this Early exteriorization of this upper 
been advocated and practiced here -without success, though it is p 


11 Churchill, E D Personal communication to the author 
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that it would have been successful in cases 9, 11 and 18 had a posterior 
esophagostomy not been added to the closure ot the fistula at the time 
of the first operation Exteriorization ot the upper segment commits 
the patient, if he survives, to some form of permanent exterior esophagus 
Treatment of the lower segment except in the \ery rare type 2 and 
type 3a anomalies must include measures to prc\ent contents from 
the lower segment from entering the trachea The procedure sug 
gested by Gage and Ochsner,'* in my experience, does not do this, as 
tying the cardia leaves undrained (uxcept into the trachea) the secretions 
of this lower segment The procedures suggebted by Gamble an 
Leven° allow, in theory, free drainage of the secretions of the lower 
segment of the esophagus But some method ot caring for the secretion 
from the upper segment is necessary as well as later procedures for 
constructing an exterior esophagus 

In my experience these methods of Gamble and Leven directed towar 
extenor drainage of the lower segment have definite disadvantages and 
(hngers After the procedure is done, if the infant is placed with the 
head up to allow dependent drainage of the lower segment, the upper 
segment fills, and the secretions will overflow into the trachea If the 
patient is placed with the head lowered, drainage of the upper segment 
IS faalitated, but secretions from the lower segment are allowed to 
gravitate through the fistula into the trachea Also, in the 2 cases m 
which these procedures were used it was noted that there was increase 
respiratory difficulty, which was thought to be due in part to free escape 
of the inspired air through the tracheal fistula and out the exteriorize 
lower segment of the esophagus 

In cases 9, 11, and 18, in which the patients lived fifteen, thirty two 
^d hventy-eight days respectively after the first operative proce ure, 
It IS possible that had the first operation been that of only tying the fistula 
instead of m addition freeing the lower segment and suturing it to the ac 
to serve as an esophagostomy for feeding, a recovery might have resulted, 
though the construction of the undesirable external esophagus would still 
have been required In my experience this lower posteriorly extenonzed 
^^Sment will retract within the chest if not sufficiently freed 
Qently freed, the suture line holding the open end to the skin of the ac 
™ slough, because the blood supply of the mobilized segment of the 
^Qphagus has been interfered with When such sloughing occurs 
^^diastinitis is probably unavoidable Posterior esophagostomy shou 

be abandoned 

No method of attack that does not have as its first step direct closure 

I ^ hstula between the lower segment and the trachea has any reason 

u success, particularly as regards a primary anastomos 

^cli IS the goal of surgical endeavor in this condition Direct exposure 

^ e site of the fistula by the extrapleural approach is by no means as 
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formidable a procedure as has been thought Indeed, with increasing 
experience and improvement m technic and anesthesia, it seems to involve 
less shock — certainly no more — than the methods that include a gastros- 
tomy with anterior drainage of the lower segment of the esophagus 

EXTRAPLEURAL APPROACH TO THE MEDIASTINUM 

The patient lies on his face with the head slightly lowered and the 
right arm extended over the head The cutaneous incision starts at the 
level of the first and second ribs, just to the right of the spine and over 
the transverse processes This incision runs downward and parallel to 
the spine to about the level of the fifth rib, where it begms to cun'e 
laterally below the scapula and is continued to about the posterior axillan^ 
line The presenting muscles are sectioned and the thoracic cage exposed 
The erector spmae muscles are partially sectioned at the level of the 
fourth rib and pulled medially The fourth rib is resected subperiosteally 
for about 1^^ to 2 inches (3 7 to 5 cm), starting close to the transverse 
process The third and fifth ribs are cut subperiosteally close to the 
transverse processes If more room is needed, the sixth nb and occa- 
sionally the second may be so treated A horizontal incision of the inter- 
costal muscle IS made just above the bed of the fourth rib, starting from 
the transverse process and carried laterally for about 2 inches (5 cm ) 
At the medial end ot this incision the intercostal muscles between the 
third and fourth ribs and between the fourth and fifth ribs are sectioned 
by vertical incisions The fourth and usually the third and fifth inter- 
costal nerves ha^e to be sectioned The horizontal inasion is then 
widened by freeing the muscles from the underlying pleura With gentle 
ness and care this can be readily done without tearing the pleura 

Starting close to the spinal colmnn, the pleura is pushed laterally an 
forward so that the mediastinum can be entered The first landmar 
is the azygos vein, which will be seen crossing the field horizontally an 
dorsal to the level of the bifurcation of the trachea This vein is doub } 
ligated and cut between the ligatures Careful exploration of the fatt\ 
and areolar tissue adjacent to the bodies of the vertebra will bring mto 
view the low er segment ot the esophagus It is readily identified an 
freed unless, as in case 25, there happens to be dextraposition o t le 
aorta The fistula, which is almost invariably at the bifurcation o tie 
trachea, is identified , it is doubly tied w ith silk close to the trachea ant 
a cut IS made between the ties 

The upper segment of the esophagus is usually to be found just a oic 
and dorsal to the biturcation of the trachea, and it must now' be eci 
whether to proceed with any attempt to free both ends and 
anastomosis If the gap is too wide to allow' an anastomosis wi 
tension, it is probably futile to attempt it I have had no expenence wi 
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the use of meclianical mean;,, such as a tube of absorbable magnesium 
to bndge this gap Churchill “ has attempted such a procedure m a 

eiv rases but has stated that was not successful and that he has 
abandoned it 

By using the extrapleural approach it is possible to dram the posterior 
mejastinuin. and drainage is desirable It is not feasible to dram the 
mediasUnum when using the transpleural approach With experience it 
^ssi e to enter the mediastinum and to perform the anastomosis with- 

tnl cavity Although resecting one rib and section- 

J VO 0 hers as well as their intercostal nerves takes longer than the 
ntercostal transpleural approach, I do not believe that it adds unduly to 
on difficulties after operation or that it is so severe a strain 

^ collapse of the right lung which is necessitated by the 
a ouf’ch^'^ approach The choice between these two approaches is still 
4 non that further experience will help to decide Churchill has 

seriM attempts via the transpleural approach, but, as m this 

there was a fatal outcome in each 

tliat occurs w hen the extrapleural approach is used, it is likely 

pleural d^ ^ better chance tor it to be taken care of by the extra- 
approach^'”^^^ niediastinum If it occurs when the transpleural 
to be in ''^1 mediastinum and the pleural cavities are likely 

thetime of op ' there is no feasible method of diainmg either at 

should be of fistula has many advantages and 

anomaly mn ^ of choice With this approach the exact t3^pe of 

between th J ^ and the fistula may be closed If the distance 

Possible as^ s^gnients is not too great, a direct anastomosis is 
22 iived^ i cases 16, 19, 20 and 22 The patients in cases 20 

^on m case 22^ ^ respectively, and postmortem examina- 

infection ^ showed that death was due to overhydration and not to 

be sucreLf Tt niediastinitis That this method will eventually 
I have no doubt 

^§nient^and^th^ P^^edures m the region of the fistula between the lower 
possible to ^ were done m so many cases of this senes, it is 

^Pperand the accuracy the average distance between the 

hy the operate ^^opfiageal segment From the figures as estimated 
(sortie T figures compiled from autopsy m nonoperative 

appears that antedate the period considered m this report) it 
^^stancp K. distance vanes from 0 to over 5 cm , the average 

'vhicb the n which to attempt a direct anastomosis is one in 

as early and m which separation ot the two 

^^Bnient, is 2 ^ ^^^ed at the time of closing the fistula of the low er 
or less In patients coming to operation late and in 
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poor condition or in whom there is obviously too wide a separation of 
the segments to justify attempted anastomosis, the procedure should be 
only that of closing the fistula Then, just as soon as the infant’s condi- 
tion warrants, and the sooner the better, the upper segment should be 
exteriorized m the neck This should be followed by an anterior 
gastrostomy, and again the sooner the better Once these procedures 
are accomplished, months or years may be allowed to elapse before 
construction of an exterior tube to connect the upper esophagostomy 
opening with the gastrostomy opening is undertaken 

These procedures, however, are to be avoided when possible, and 
every reasonable risk should be taken to secure a primary anastomosis 
If a direct anastomosis has been done, the problem arises of how best to 
meet the fluid and caloric needs of the patient until sound healing has 
occurred With better understanding of fluid balance, I believe that 
the patient’s nutrition can be maintained by intravenous dextrose and 
-Saline solutions supplemented with transfusion of either whole blood or 
blood serum Case 22 showed that the danger of overhydration is perhaps 
as great as that of underhydration Given another opportunity, I shall 
attempt to meet the patient’s needs without doing a gastrostomy, though 
such a step can be taken if conditions warrant A reasonably healthy 
infant can be maintained under an intelligent regimen of parenteral feed- 
ing for a period sufficient to allow healing 


ANESTHESIA 

Most of these operations were done with the patient under avertm with 
amylene hydrate anesthesia ( — 80 mg per kilogram) and local infiltration 
with procaine hydrochloride, supplemented m some cases by oxygen an 
ether Recently I have used cyclopropane as a supplement to loca 
procaine hydrochloride anesthesia, and I believe it to be advantageous 
For the use of any inhalation anesthesia a well fitting infant s face mas 
IS essential 


SUMMARY 

An analysis of 32 cases of congenital atresia of the esophagus is 
presented In spite of the fatal outcome in all the 30 operative * 

IS felt that considerable progress along rational fines is being made 
successful operative treatment of a patient with this anomaly is on y a 
question of time 

For a successful outcome, prompt recognition of the condition uring 
the first few hours of life is essential It is perhaps not advisable 
so far as to insist on routine examination of the esophagus of e\ ery i ^ 

by the passing of a catheter, as has been suggested by Gage and Oc isn 
but it is imperative that any infant who exhibits any of the 
signs or symptoms of esophageal atresia should at once have a ca 
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passed down the esophagus, and roentgenograms should be taken without 
the use o£ any opaque medium Once the obstruction is discovered, 
inmiediate operation should be undertaken 

An associated tracheoesophageal fistula was present in 91 per cent 
of this series A direct attack on the trachcoesophageael fistula, if 
one IS present, should be undertaken Fioni the experience presented 
here, the extrapleural approach ^\ould seem to be safer than the 
transpleural 

If direct anastomosis ib possible, it should be done It it is successfu 
and no complication develops, the problem for that case is solved, barring" 
possible esophageal stenosis later If direct anastomosis of the two- 
segments appears impossible or inadvisable, the tracheoesophageal fistula, 
should be closed and nothing further done at that tune Subsequent 
procedures to be done just as soon as conditions permit are, first, the 
exteriorization of the upper esophageal segment and, second, an anterior 
gastrostomy If the patient survives, construction of an exterior connec 
tion between the upper esophagostomy and the anterior gastrostomy can- 
then be postponed until a suitable age One must remember that am 
exterior esophagus as a palliative procedure for an elderly patient with 
cancer is justifiable and endurable, but one dreads to commit an infant 
to the sort of existence it entails Every effort should be made to 
recognize these conditions in the first few hours of life as well as to 
miprove surgical technic to such a degree that a direct anastomosis wiW 
^ possible m an increasing number of cases 

Given a suitable case in which the patient is seen early, I feel that 
'^th greater experience, improved technic and good luck, the success u 
outcome of a direct anastomosis can and will be reported in t e 
near future 



ROENTGEN DEMONSTRATION OF ESOPHAGEAL 

VARICES 


ITS CLINICAL IMPORTANCE 
RICHARD SCHATZKI, MD 

BOSTON 

Twelve years have passed since Wolf ^ reported 2 cases m which 
he had demonstrated varices of the esophagus roentgenologically H's 
original observations have been confirmed and amplified by others - 
In 1931 I published 5 cases and described for the first time the roentgen 
demonstration of varices of the stomach ® A report on 45 cases appeared 
three years later ■* Numerous cases have since been observed by many 
roentgenologists Nevertheless, a systematic and routine search for 
varices, particularly for those of minor degree, has not been widely 
practiced In addition, the clinical importance of roentgen demonstra- 
tion of varices has not received the recognition which it deserves This 
IS apparent when one reads publications from large teaching centers in 
which the differential diagnosis of splenomegaly is extensively discussed 
without mention of roentgen visualization of varices It seems justi- 
fiable, therefore, to review the roentgen demonstration of varices and 
to discuss its clinical value 

This review is based on a series of 116 cases in which I have dem 
onstrated esophageal varices 

The principle of roentgen visualization of esophageal varices is simple 
It rests on the fact that the dilated veins bulge into the lumen and pro 
duce an uneven, wormlike surface of the inside of the esophagus These 

From the Department of Roentgenology, the Massachusetts General Hosp ^ 

1 Wolf, G Erkennung von Oesophagusvarizen im Rontgenbild, Fortsc 

d Geb d Rontgenstrahlen 37 890-893, 1928 kanals 

2 Berg, H H Rontgenuntersuchungen am Innenrelief des Verdauungs n - 

ed 2, Leipzig, Georg Thieme, 1931 Hjelm, R Zwei Falle^von , 

nostizierten Oesophagusvarizen, Acta radiol 12 146-150, 1931 Kir m, . ’ i 

Aloersch, H I Report of a Case of Roentgenologically Demonstra 
Varices Complicating Splenomegaly, Radiology 17 573-575, 193 oohag*-^* 

Oesophagusvarizen, Acta radiol 12 527-532, 1932 Oppenheimer, 

Varices, Am J Roentgenol 38 403-414, 1937 varizen 

3 Schatzki, R Die Rontgendiagnose der Oesophagus- und i ageij 

und ihre Bedeutung fur die Klinik, Fortschr a d Geb d Rontgens ra ^ 

28-39, 1931 randerten 

4 Schatzki, R Relieistudien an der normalen und krankha t \e 

SpeibCrohre, -kcta radiol , 1933, supp 18, pp 1-149 
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1 — Extensive esophageal \’arices in a patient \\ ith cirrhosis o t e iver 
right anterior oblique view, showing several \essels super imp^psed on eac o 
left anterior oblique \ ie\\ A large isolated tortuous \ essel is demonstrate 



^“^^l^nsive varices m a patient with cirrhosis of the liver The pat 
^nically thought to have an intestinal tumor See data in text (case 
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protruding structures will be completely obliterated if one fills the organ 
with a large amount of barium sulfate If, however, one coats the inner 
surface of the esophagus with only a thin layer of barium, the dilated 
vessels will be visible The success of the examination depends on the 
technic used to obtain the desired degree of coating This is especially 
true in those cases m which the varices are comparatively small 

TECHNIC 

A watery suspension of barium sulfate serves as contrast substance 
It contains equal amounts by volume of barium sulfate and water and 



Fig 3 — A, extensive varices in a woman with Banti’s syndrome The patien 
was 20 years old, with an eight year story of repeated fever, anemia and 
the left upper abdominal quadrant There was splenomegaly The clinica i 
ferential diagnosis was between lymphoma and Banti’s syndrome It was eci 
in favor of Banti’s syndrome by the demonstration of varices Splenectomy 
performed Eight months later there was a first, gross and fatal hemorr ag^e^ 
B, extensive varices in a patient with cirrhosis of the liver 
done in order to determine the climcally uncertam source of hematemesis 
was no ascites, and the spleen was not palpable 

IS the same suspension used m the routine examination of the gastro 
intestinal tract Occasionally a slightly thicker mixture is required to 
obtain the necessar} coating The use of atropine, as previously advise , 
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Fig 4— Extensive varices in a patient witli cirrhosis of the iver \ 

611ing of the esophagus shows widening of tlie organ, with oca izt ^ , 

J B, the relief picture shows extensive varices which are 
other in the lower half of the esophagus Two large \esse s are vis 


roentgenogram of the injected opened specimen 



ciri'^ dilatation of the esophagus due to varices 

''^ces extend through the cardia There was 
P^ng of the esophagus, but no dysphagia 


in a patient with 
marked delay in 
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IS rarely necessary The moment of optimum coating is different in 
every case Often it occurs at the end of deglutition, but in other 
instances it is obtained by waiting for a small amount of barium to flow 
back into the esophagus from the stomach The latter technic is especially 
useful in cases of questionable small varices The demonstrability of 
varices depends on a number of other factors, which will be discussed 
later (gravity, peristalsis, projection and respiration) 

Fluoroscopic examination is of great importance in the discovery of 
varices Only by this method can the optimal degree of coating of the 
esophagus and the optimal projections, which vary from case to case, 



Fig 6 varices of the stomach close to the cardia (see arrows) in a patient 
with esophageal rices B, large, tortuous, isolated vessel m the lower portion 
of the esophagus in a boy of 13 with Banti*s syndrome There had been a recent 
hemorrhage The patient died shortly afterward from mesenteric thrombosis 
Autopsy showed thrombosis of the splenic vein and of the superior mesenteric vein 

be decided Extensive varices can easily be diagnosed during fluoro- 
scopic study, but in the demonstration of small or questionable ones 
roentgenograms are indispensable In such cases the fluoroscopic exami- 
nation may give completely negative results, while the roentgenograms 
show the presence of varices Roentgenograms are best taken during 
fluoroscopic examination (the so-called ‘‘spot,'* or aimed, films) When- 
e\er the available equipment does not permit such a procedure, films 
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taken on the Bucky table in a projection and at an interval after degluti- 
tion detemnned by a preceding fluoroscopic examination will be a useful 
alternative 

ROENTGEN APPEAIUVNCE OF VARICES 

Vances may be visible in a completely filled esophagus if they run 
along the projected edge, wherein they produce a notched or scalloped 
appearance This profile picture, however, is usually not reliable It is 
necessary to obtain a relief view of the varices In the presence of 
vances the normal mucosal relief picture of the esophagus with its 
parallel longitudinal folds is changed There results an intricate and 



L I ^ '—A ^ isolated enlarged vein, which is only slightly tortuous, iii a case o 
ary cirrhosis B, small varicose vessels in a case of cirrhosis of the liver 
^ had his first hemorrhage two years after this examination 

network-hke pattern which is due to superimposition of the vessels 
“8>ng from the opposing walls of the esophagus (fig 4) By rotating 
^ patient it is usually possible to demonstrate one or more isolated 
*■ “ous vessels (figs 65, T A, 8 and 12) In a given case the dilated 
^ s have a definite configuration and arrangement, although their 
considerably (see section on the influence of various 
on the demonstrabihty of varices) 

low are with extremely rare exceptions located in the 

^^'^er portion of the esophagus They are often not confined to this 
may extend upward to involve the entire thoracic portion an 




1090 


ARCHIVES OF SURGERY 


occasionally the cervical portion of the esophagus However, if this 
IS the case the esophagus immediately above the diaphragm is always 
involved, and the examiner should therefore concentrate on this area 
I have observed a few cases in winch the varices extended into the 
stomach, where they produced an enlargement of the tortuous gastnc 
folds similar to that seen m cases of localized gastntis (fig 6 A) These 
changes were always confined to an area close to the cardia, with 1 
exception, in which the varices were localized in the extreme end of 
the gastric fundus No esophageal varices W'^ere present in this particu- 
lar case My observations have since been confirmed by Pape ® 



Fig 8 — ^Vances localized in the lower portion of the esophagus in a young 
woman with cirrhosis of the liver The clinical differential diagnosis was between 
tuberculous peritonitis and cirrhosis The patient died from insufficiency o 1 1 
liver shortly afterward A, right oblique view The arrow indicates tlie area 
which the normal folds end and the varices begin B, left oblique view 


The large diameter of the esophagus is striking in many cases o 
\ ances It is produced largely by protruding vascular structures, \\ ’ 

by filling the lumen distend the esophageal walls A picture similar 
that ot idiopathic dilatation of the esophagus may result (fig 5) There 
is, however, no obstruction at the cardia The barium passes freel} into 
the stomach, although the emptying time and particularly the cleanmo 


5 Pape, R Ueber Deformationen des Magenfornl^- bet Oesophagusvar 
R6ntgenpra\is 9 809-S13, 1937 
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tune of the esophagus may be markedly prolonged The discovery of a 
wide esophagus in a young person, particularly if the dilatation is loca - 
ized to the lower end, demands a search for varices 


INFLUENCE OF VARIOUS F VCTORS ON” DLMONSTRABILITY OF VAR 

1 Crawlji -Vances arc usually much smaller with the patient in the 
iipuglit than m Uie horizontal position Therefore, the examination 
should be performed with the patient in the horizontal position 

2 Peru/a/s!^— Peristalsis (figs 10 and 11) not mfrequenth 
decreases the size of the dilated vessels At times one sees e\en arg 



9 -Vances m a localized area in the lower end of the 
had albuminuria, hematuria and ase.tes There was 
“'«'t of the spleen, not confirmed by all exammers A tenUtive ^ 

chronic nephritis and “old malarm spleen” The "strahon of 
proved the presence of obstruction in the portal system Splenectomy 
P esence of thrombophlebitis of the splenic vein 

empty completely during contraction of the esophagus, and a 
"ennal relief may result locally Therefore, the presence o no 

folds during the phase of contraction does not prove he absenc 

Vances The influence of peristalsis on the size ° ^ fenstic 

Parently vanes from case to case but seems to be fairly c arac 
given case 
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Fig 10 — Changing size of varices during peristalsis in a patient with Bantis 
syndrome The two pictures were taken within a few minutes of each other, 
with identical position of the patient A, extensive varices during the resting 
phase of the esophagus B, emptying of most varices during the contraction of 
the esophagus 



Fig 11 — Decrease in size of the varicose veins during peristalsis m ^ 
with cirrhosis of the liver A, phase of rest of the esophagus B, V ^ 
contraction 





SCH iTZKI — ESOPHAGE IL V.IRICLS 


1093 


3 Projectwu —If only one enlarged ^ esscl is present, it may, like 
polanzed light, undulate in one plane exclusively (fig 12) In such a 
ase the characteristic sign of the vessel, namely its tortuosity, is absent 
if the examination is performed m the direction of tins p ane n 
other hand, tlie vessel becomes obvious if the roentgen rays are per 
pendicular to the plane m which the \cssel swings T e p ane o 
undulation vanes from case to cabc and cannot be predicted For this 
reason it is necessary to examine the esophagus routinely m sewra 
projections and to take films m at least two projections whic are a ou 



Fig 12 Influence of the projection on the demonstrability ^ 

^ tortuous vein undulates in one plane only The vessel in t is 
,n the nght anterior oblique view (C), while it is clearly 
^nor oblique view {A and B) and particularly well on the spo 

Projceuon (B) 


^ <iegrees different from each other As the phenomenon ^esc^d is 
rticularly common in the presence of small varices, sue ^ 
special importance m those cases m which fluoroscopic ex 

no abnormality . 

I Respiration — Quiet respiration does not noticeably mflu 
J'e'l ’essels, but deep msp,rahon and exp.raUon at umM chan = 

«h' be sbehtly smaller with 

b '•'Pmimn These findings are by no means constan . 
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influence of the changing mtrathoracic pressure during respiration is 
rather complicated I have previously described^ a test m which 
changes in mtrathoracic pressure were used for demonstration of 
changes m the size of the varices Marked differences in pressure were 
produced by employing the Valsalva test (expirator}’’ effort with closed 
glottis after deep inspiration) and the Mueller test (inspiratory effort 
with closed glottis after deep expiration) At times an increase in the size 
of the vessels was observed following the Valsalva test, while at other 
times such an increase followed the Mueller test The variable results are 
apparently due to the fact that the size of the vessels depends on two 
factors (1) the increased pressure in tlie thorax and therewitli in tlie 
esophagus, winch tends to compress the vessels during the Valsalra 
test, and (2) the increased pressure which exists during the Valsalva 
test within the vascular system proximal to the anemic lungs, as a 
result of which the varices tend to be enlarged This test is of some 
theoretic interest, but m practice it has not been of great help, partly 
owing to the fact that only a few patients show suffiaent intelligence and 
cooperation for its performance In the routme examination I believe 
it best to talce films after slight inspiration, since during this phase the 
lower end of the esophagus is stretched slightly, thus obviating the 
possibility of misinterpreting tortuous folds in a slack esophagus 

DIFFERENTIAL DIAGNOSIS 

In cases of extensive varicosities the roentgen appearance of the 
esophagus is usually so cliaracteristic that differential diagnostic diffi- 
culties rarely arise The situation is different when the varices are 
small and localized Air bubbles in the esophagus may occasionally 
assume the shape of small varices, in which case reexamination prevents 
error 

Slightly tortuous folds, which occur not uncommonly in the lower 
part of the esophagus, especially in elderly persons, simulate sma 
varices The latter are usually slightly larger in caliber than the tor 
tuous folds, and m addition the size ot one dilated vessel usually con 
trasts with the narrower normal folds Fihns taken during inspiration, 
which stretches the tortuous folds of the esophagus, may be of ^ ^ 
differential diagnosis The misinterpretation of tortuous gastric o 
in a small hiatus hernia of the stomach may be prevented by adequa e 
filhng of the esophagus and stomach with barium 

A more important problem is the differential diagnosis 
varices and “curling’' of the esophagus (figs 13 and 14) 
a peculiar phenomenon seen occasionally during deglutition, m 
during the contraction, multiple irregular toothlike projections are s^ ^ 
along the edges of the esophagus If closely spaced they may 
scalloped appearance of the organ The phenomenon appears an 
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rapidly, but It can usually be easily rcprodueecl by '«>■'« 

r.si " ai::":s" ^ p-». , — - 

less,tl,erecogi..t.on of “curling” is important for 

diagnosis Since the profile picture ot Aarices ma> e j^-ture 

of Wling,” It IS necessary to rely for diagnosis on the relief pictu . 

which IS distinctly different r 

The most important diagnostic question from t le c ^ , 

view IS the differentiation between varices and cancer o 



adhesions Note the definite point of adhesion at ^ 


Tile niariced irregularity of the inner rehef in cases of ^^cer 

foduces a picture which occasionally closely simulates that of cance 

(Polilandt 

Smee for all practical purposes, if varices ^.^^^^ggrentiated 
"ays immediately above the diaphragm, tliey mus 

cancer m this region only The exact roentgen study lesio^,,_ 
cases readily outlines the cancer, with its sharp e ges 

/I ■n TTcifi'-oder Adhasions 

F Die Divertikel der Speiserohre Halt ^ 

ForUchr a d Geb d. Rontgenstrahlen 45 ^27-6^, 3 889- 

^ 0 esophagus varizen oder Carcinom 
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ation, in contrast to the nonulcerated, poorly defined defect produced by 
varices Of great help is the study of the elastiaty of the esophagus 
The esophagus becomes rigid in most cases of cancer, but it never loses 




Fig 15 — Extensue carcinoma of the esophagus, simulating %ances The pat 

had djsphagia, which was distinctly against the diagnosis of \arices 


its elasticity with the most extensive varices The organ can bt, 
widened by a large amount of barium, and it appears flexible '-trt’o 
peristalsis and respiration and with the pulsation ot the. heart 
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;ances produce no obstruction, though ciuptving of the esophagus niav 
be markedly delayed by the pronounced irregularities of the inner 
surface The disappearance of \anccs during peristalsis may occa- 
sionally be the deciding difTerential point UsuaU), however, the - 
ization, the appearance and the elasticity of the questionable area a ow 
a ready differentiation between the two lesions Should all these signs 
become unreliable m a rare case, a cluneal symptom, namely, dysp agia, 
may be of deasne importance Contrary to some reports in the itera 
ture (Oppenheuner '), I have nc\cr seen dysphagia in cases of the most 
extensive varices, even when the emptying time of the esophagi^ was 
markedly prolonged (more than two hours in 1 of these cases) ence, 
difficulties m swallowing should not be explained on the basis ot 
varices (fig 15) 


CLINICAL IMPORTANCE OF ROENTGEN DEMONSTRATION 
OF VARICES 

Congenital vances have been described in rare cases A slight degree 
of telangiectasia, usually m the upper portion of the esophagus, has bee 
found in elderly persons in whom there was no evidence of port 
obstruction (Kaufmann ®) Such cases are exceptions For all pr 
tical purposes, the roentgen demonstration of varices m the lower en ^ 
of the esophagus proves the presence of obstruction in the portal cir 
hon In all my cases m which postmortem examination was done, ^ 
orrhosis of the liver or thrombosis of the splenic vein was fou 
account for the varicose collateral vessels I have not observed a p 
^ m which pressure on the portal vein or its branches by tumor 

^ses produced esophageal vances . . 

The cbnical picture of cirrhosis of the liver may be classic, an 
demonstration of vances {umishes only confirmatory 
ofber cases the diagnosis is suspected but becomes certain wit , 
^•zation of varices Finally, there are those cases m w ic ^ 

IS not even entertained In this connection, I have seen P 
esophageal vances m whom the hver and spleen were no P 
^ in whom demonstrable ascites was absent, m other wor s, 

^^whom the vances were the only demonstrable anatomic ^ , 

^^*osis of the hver The demonstration of vances has alway P 
P ul regardless of whether the diagnosis of cirrhosis was „ 

|||spccted or believed to be certain prior to roentgen exammat o 
^^t ^e to be reported may serve as an example 


S B 


Kaufmann, E. Pathology for Students and PrartiUoners, translated 
‘<«>mann, Philadelphia, P Blakiston’s Son & Co , 192y 
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RCPOUT or CASES 

Case 1 — An Italian woman 44 years old entered the hospital because of 
swelling of the ankles and slight dyspnea on exertion Physical examination 
showed a large abdomen with questionable free fluid There was a tender epi- 
gastric mass in addition to a questionable mass in the left upper quadrant The 
latter was not felt by all the examiners Pelvic examination showed masses in 
both lateral vaults, which W’crc tender to palpation The clinical impression was 
that of malignant tumor arising in the pelvic organs, with metastases to the liver, 
lung and brain Lymphoma was thought another possibility Roentgen exami- 
nation showed varices in the lower third of the esophagus and the probable 
presence of a small liver and an enlarged spleen Hepatic damage was then 
confirmed by positive results from Takata-Ara and bromsulfalein tests (90 per 
cent retention in one hour) At discharge, the masses in the upper part of the 
abdomen were thought to be the liver and spleen The patient returned to the hos- 
pital one year later, with a similar picture 

Not all patients w'lth cirrhosis show varices roentgenologically In 
a previous statistical analysis * I found that varices were demonstrable 
in about 50 per cent of all cases ot cirrhosis and that the percentage was 
higher in cases ot advanced involvement with associated splenomegaly, 
ascites or hematemesis 

Varices are even more frequently seen in patients who present the 
so-called Banti’s syndrome At the Massachusetts General Hospital, 
15 patients were examined roentgenologically m the last six years in 
whose cases the final clinical diagnosis was Banti’s syndrome In 12 
of these patients the presence of congestion within the portal system 
was confirmed by operation or autopsy Of the 3 who came to autopsy, 
2 had thrombosis of the splenic vein, and 1 had cirrhosis of the liver 
In 3 of the 15 cases the diagnosis was based on clinical evidence only 
Varices were observed roentgenologically in 13 of these patients One 
of the 2 m whose cases roentgen study gave negative results was a 
young child The clinical diagnosis was considered doubtful at dis 
charge, and an operation was not performed The other was a patient 
with repeated hematemesis At operation markedly dilated veins were 
found on the outside of the stomach, together with slight enlargement 
of the spleen It will be seen that, m my material, varices were demon- 
strable m nearly all cases of Banti’s syndrome The varices in this group 
are usually very extensive® (figs 3 A, 6B and 10), small localize 

varicosities bemg less commonly seen (fig 9) h of 

In my experience the demonstration of varices has proved to e 
importance also m the diagnosis of primary carcinoma of the ive , 

9 Brdiczka, I G, and Tschakert, J Die rontgenologische 
Oesophagusvanzen, Fortschr a d Geb d Rontgenstrahlen 46 15 - ’ 

Plotz, M , and Reich, N E Esophageal Vances m Portal 260 19^^ 

genesis and Diagnosis by Roentgenography), Am J Digest Dis 5 Vances 

Greenwald, H M , and Wasch, N J Roentgenological Demonstration ot v 
as Diagnostic Aid in Chronic Thrombosis of Splenic Vein, J Pediat 1 
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owing to the fact that this disease is usually associated with cirrhosis 
of the liver (in 87 per cent ot the cases from the Massachusetts General 
Hospital^®) The demonstration of esophageal varices m a patient who 
IS known to have malignant disease (c g , pulmonary metastasis) and 
who has a mass in the region of the liver is evidence highly suggestive 
of the presence of primary carcinoma of the liver 
Visualization of varices offers much help lu cases of hematemesis 
Establishment of the source of bleeding is important for diagnosis, prog- 
nosis and treatment Roentgen recognition of varices has decreased 
the number of cases of so-called roentgen-negative hematemesis There- 
y, unnecessary exploratory laparotomies perfonned m a search for the 
eeding point and prolonged medical dietary regimens for hypothetic 
g ulcers have been avoided Furthermore, the prognostic impor- 
nce of the demonstration of varicosities uas impiessive in a number 
aft^^ ^vhich the patients died of hemorrhage weeks or months 

3 er t e examination In some of these cases the hemorrhage was 
first and only one 

^^^covery of varices is valuable in differentiating the causes of 
diniQl d P^ttients with ascites m whose cases the suspected 

^^&riosis was abdominal malignant tumor and others in whose 
''■as th ^ cardiac ascites was discussed, while 1 patient 

demo tuberculous peritonitis In all these cases the 

varices proved that the ascites was due to portal 
of the liver 

"ith 1 iniportance of the demonstration of varices m patients 

^ cannot be overemphasized I have had several cases 

^kp whe esophageal varices was the decisive diagnostic 

^^duded^^ T etc , as a cause of the splenomegaly was 

he following case will serve as an example 

Case 2- A 

months ” years old complained of anorexia and loss of weight for 

quad f ^ found to be enlarged There was a mass in the left 

h\ore^^ abdomen, the nature of which was debated The house 

nr 1 of malignant tumor, and one of the visiting physicians 


d lym hver, while two others made the presumptive diag- 

kjmphoma was considered to be a definite possibility even 
^^Iment as of vances had been earned out Roentgen ra> 

debate ^^t was advised and started As there was still much 

^ h conhrm^rl nature of the mass, a laparotomy was finally decided 

^ber of y ^ roentgen diagnosis of cirrhosis This case goes back a 
Sequences ^ which roentgen diagnosis of vances and its 

^Phratory appreciated At present the radiation test and an 

such a case would be considered unnecessary and even 

^'^*■1 to be p^bli^ j ^ccntgenological Diagnosis of Primary Carcinoma of the 



1100 


ARCHIVES OF SURGERY 


Finally, I have in a few cases found the demonstration of vances 
helpful in the difterential diagnosis of a mass in the left upper quadrant 
of the abdomen In such a case, if vances are present, the mass in all 
probability represents an enlarged spleen 

Case 3 — A man 52 jcars old, with a history of rectal bleeding for four years, 
showed a palpable mass in the upper part of the abdomen He liras given a 
barium sulfate enema, and a roentgen study of the upper part of the gastrointestinal 
tract was made to establish the location of the supposed intestinal tumor Roentgen 
examination showed the mass to be outside the gastrointestinal tract and to represent 
an enlarged, lobulated spleen The presence of extensive esophageal varices estab- 
lished the existence of portal obstruction (fig 2) 

Roentgen demonstration of \ances is no longer a rare curiosity but 
IS an important part of the daily routine examination of the gastroin- 
testinal tract 

SUMMARY 

The roentgen diagnosis of esophageal varices is discussed, based on 
examination in 116 cases of vances 

The technic of demonstrating varices and their roentgen appearance 
are described 

Stress IS laid on the visualization of small localized vances, for which 
a -combination of fluoroscopic and roentgenographic methods is essential 
Factors influencing the demonstrability of varices are the degree of 
filhng of the esophagus, gravit}'', peristalsis, projection and respiration 
Unless these factors are considered, a normal appearance of the 
esophagus may result even m cases of extensive varicosities 

Differentiation between varices and air bubbles, tortuous normal 
folds, small hiatus herma, “curling” and cancer is discussed 

The demonstration of vances is of chnical importance in the diag 
nosis of cirrhosis of the liver, of Banti’s syndrome and of primary car 
cinoma of the liver It is of great help in the differential diagnosis o 
hematemesis, acites and splenomegaly 
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Esophageal \arices develop as a result of sites 

or splenic \eins because the esophageal ^elns are one veins 

of communication between the portal and caval s) stems supported 

m the submucosa of the lower part of the esophagus are P blood 

by loose connective tissue, with the increase m t ^ esophageal 

Posing through them varices develop, become super 
mucosa and are prone to rupture ^ varices 

The frequency with which bleeding occurs from ^ g^gt^ointestinal 
^\*as emphasized by Preble's ^ review of 60 cases o ^ ^ found In 50 
bleeding m 80 per cent of which esophageal varices demon- 

per cent of the cases in which varices were present, m Rivers and 

stration of the site of perforation of the varix m tients with a his- 

Wilbur found that in 5 per cent of a group o ^^P^osis of the liver 
lory of hematemesis bleeding was attributable to 

or to splenic anemia consisted 

Methods directed toward prevention of fata mortal vein, (2) 

^^1) splenectomy to reduce the blood entering through 

^entopexy to establish cpUateral circulation through the 

Ibc veins of the peritoneum and the abdominal wa , e . ^ through 

supenor epigastnc veins, (3) interruption ^^^th or without 

^be esophageal veins by hgation of the coronary ^icme 

^ ^ ^ — N A the Division of Aiedi 

^rom the Division of Surgery (Dr Walters) an 
Moersch), the Mayo Clinic ^ . rr^tal G astro- IntesUnal 

1 Treble, R. B Conclusions Based on Sixty Cases t ^^^ ^80 (March) 
Due to Cirrhosis of the Liver, Am J 

^ ct,c Siginhcance of 

The Diagnostic 


' Rue 


,, -Am, \ B, and Wilbur, D L 
««nateme5i5, J \ M A 98 1629-1631 (May 7) 193^ 
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splenectomy and, more recently, (4) injection of a sclerosing solution 
transperitoneally into the paraesophageal veins and directly into the 
varices through the esophagus 

ETIOLOGY 

The factor underlying the development of esophageal varices is not 
always clear While Banti’s disease and splenic anemia are the conditions 
most frequently associated with the development of esophageal varices, 
they cannot, as Dock and Warthin ^ have pointed out, be regarded as 
distinct clinical entities but may occur as a result of obstruction of the 
portal or the splenic vein Many hypotheses have been advanced to 
account for obstruction of the portal or the splenic vein, but they will 
not be discussed in this presentation The physiologic changes involved 
in the development of esophageal varices have been well demonstrated 
in the anatomic studies of Mclndoe and of Kegaries ® (fig 1) Obstruc- 
tion of the veins may be produced by either intrinsic or extrinsic factors 
With the development of obstruction of the portal or of the splemc vein, 
there is an attempt on the part of nature to establish an anastomosis by 
means of which the blood from the portal vein can return to the general 
systemic arculation This, as a rule, will take place through channels of 
commumcation that already exist The route to be selected is some- 
what dependent on the site of the obstruction in the splenic or portal 
vein According to Mclndoe, the communication that will be estab- 
lished usually takes place through one of three sites (fig 2) 

1 At the point of transition between absorbing and protective epi- 
thehum (a) Between the coronary vein of the stomach and the inter- 
costal, azygos and diaphragmatic veins (b) Between the superior 
hemorrhoidal and the middle and inferior hemorrhoidal veins 

2 At the site of embryologic circulation — the falciform ligament 
contaimng the paraumbilical veins 

3 At all situations within the abdomen where the gastrointestinal 
tract, its appendages or glands developed from it become retroperitoneal 
developmentally or adherent to the abdonunal wall pathologically 

The communications that occur between the coronary vein of the 
stomach and the azygos, intercostal and diaphragmatic veins are of 

3 Dock, G , and Warthin, AS A Clinical and Pathological Study of Two 
Cases of Splenic Anaemia, with Early and Late Stages of Cirrhosis, Am J M Sc 
127 24-55 (Jan ) 1904 

4 Mclndoe, A H Vascular Lesions of Portal Cirrhosis, Arch Path 
5 23-42 (Jan ) 1928 

5 Kegaries, D L (a) The Venous Plexus of the Oesophagus, Surg, 
Gynec & Obst 58 46-51 (Jan) 1934, (5) The Venous Plexus of the Esophagus 
Its Pathologic and Clinical Significance, Proc Staff Meet , Alayo Clin 8 160- 
(March 15) 1933 Walters, W , in discussion on Kegaries 
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the greatest importance, for they are primarily concerned in the develop- 
ment of esophageal varices Mclndoe has pointed out that in the presence 
of obstruction of the portal vein these communications are most likely 
to develop, as they are the most direct and the shortest route between 
the portal and the general systemic circulation Furthermore, in the 
presence of obstruction of the portal vein the pressure within the portal 
circulation is increased, and in the absence of valves the flow of blood 
through the coronary vein is undoubtedly reversed and thus readily 
exerts pressure on the esophageal plexus Kegaries has clearly demon- 



1 — Relation of the coronary vein of the stomach to the esophageal veins 
(rrom Kegaries, D L The Venous Plexus of the Oesophagus, Surg , Gynec 
& Obst 58 46-51 [Jan ] 1934 ) 


strated the manner in which the anastomosis takes place between the 
portal and the caval circulation through the splenic veins in the gastro- 
lienal hgament by way of the cardia and the lower part of the esophagus 
The coronary vein of the stomach branches as it pierces the muscular 
ooats to reach the submucosa of the cardia In this region the branc ics 
of the coronary vein break up into a number of small longitudinal 
'cnules which have no cross communication for a distance of approxi 
“lately 3 or 4 cm At this point they break up mto a rich plexus, which 
anastomoses freely with branches of the splenic vein entering the stomach 
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through the short gastric veins The larger trunks are extremely tortuous 
and run in a longitudinal direction This plexus of veins communicates 
y perforating branches with larger periesophageal trunks, which like- 
wise run in a longitudinal direction and usually nmnber three or four 
the latter trunks communicate with the azygos, the intercostal and the 
diaphragmatic veins of the systemic circulation (fig 3) 


Veins of 3appey 


E^sophageal vancea 
-Stomach 


Liver — 

Para vimhilicol vein^ 
Abdominal 
wall 



Suixiutaneoiia , 
abdominal vein 


SuperKDr henK)rrhoK3tal 
Infenor hemorrhoidal v^m 


■'Vein of Retziua 


Fig 2 The most likely source of commumcation between the portal and the 
s>stemic circulation (From Mclndoe, A H Vascular Lesions of Portal Cir- 
rhosis, Arch Path 5 23-42 [Jan ] 1928 ) 


The veins in the submucosa of the lower part of the esophagus are 
poorly supported by loose connective tissue Because of their situation 
they are constantly exposed to trauma and consequently most prone to 
lead to fatal bleeding In addition, there is the effect of the changing 
suction which takes place in the thoracic cage with respiration Eso- 
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phageal varices may involve the greater part of the esophagus but 
usually are limited to the lower half 


DIAGNOSIS 

One of the greatest obstacles to the development of procedures tor 
the treatment of esophageal varices has been inability to make an early 



Fig 3— Filling of esophageal venules following ” ^pl^agus, Surg , 

'em (From Keganes, D L The Venous Plexus of the Uesop 

G>ncc & Obst 58 46-51 [Jan] 1934 ) 


d'agnosis In 1925, Jackson and his associates “ called attention ^ 
tl'e possible value of esophagoscopic study as an aid m t gi 

6 Jackson, C , Tucker, G , Clerf, L H , Lukens, R M ^ gg 

Hematemesis A Plea for Objective Methods of Diagno , J 
875 (Sept 19) 1925 
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esophageal vances The nrocedurp 

however, because of the fear nf nm i general use, 

until 1928 that Wolf ^ first descnbecTthe^ 'vas not 

of esophageal var,ces lOrkhn and one of uT(X"rsch)” 

~:ras\1ra;tr""“^ -enlgenLS eso h^;:^ 

proper care ho^J ® developments subsequent to treatment W.th 
a mmmmm of “rk ' can be earned out w,th 

nonsukgiovl treatment 

Jr:d:t::uVat::r'forr“^“ 

from esonhafXAoi -f ! ^ ^ prevention and control of bleeding 

reS.ctIsTh ‘ 7 , ‘>'=“ ^Ployod are d.etar^ 

t.on to shmukte . *e general crcula- 

hahn . .ritllT ^oggested by Drenck- 

howe'ver are me 1^" ““d Most of these procedures, 

wever, are merely palhafve and therefore of only temporary value 

SURGICAL PROCEDURES 

relativX contradiction and mystery, m health, of 

(Mayo ^°) P ^ unction, m disease, a menace of grave import” 

frequSlv^!r”^T~~^^^ surgical procedure that has been employed most 

spleen, Mayo,^^Mn"mTL surgical treatment of the 

on thp ' advised splenectomy m cases of splenic anemia 

reduction “ti!^ ground that the enlarged spleen contributes to the 
liemop-lohin ” value of the red blood corpuscles and low 

of Sump ^^^ough this paper was read before the Clinical Congress 
until 191 T" w ^«^erica on Nov 11, 1912, it was not published 

formed ai tu ’"^F^ted at that time that of the 27 splenectomies per- 

for sole ^ ^^^2, 18 were 

— ^ anemia (5 patients had Banti’s syndrome) There were 2 

“ ^'KoufcSJ°37 8to°893.T92l"“'" "" “»"'«““*■ 

Demonslrabl!i”’ Esophagi H J Report of a Case of Eoenteenoloeically 

573-575 (Sept ) 1931 ^ Complicating Splenomegaly, Radiology 17 

9 Drenckhahn. C H a m v 

from Esophageal Varices as n Prevention of Hemorrhages 

Dis 6 462-465 (Sept ) 1939 ^ Cirrhosis and Banti’s Disease, Am J Digest 

11 Va^^’ W T Enlarged Spleen, South M J 21 13-16 (Jan ) 1928 

(March) [913 ^ Surgery of the Spleen, Surg, Gynec & Obst 16 233-239 
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operative deaths in the 27 cases, both in cases of splenic anemia The 
pathologic observations m the cases of splenic anemia showed chronic 
diffuse splemtis in 13 cases, endothelial proliferation (Gaucher^s type) 
m 3 and lymphoid hyperplasia in 2 (lymphosarcoma in 1 and lymphoma 
[?] in 1) Twelve of the patients who had suffered from splenic anemia 
had been well for from one to seven years after operation In 1929, 
Mayo postulated that cirrhosis of the liver in cases of Banti s disease 
probably results from the toxic material gathered in the spleen and sent to 
the liver, which the liver, failing to detoxicate, attempts to encapsulate 
diffusely, with the introduction of general fibrosis With the dysfunc 
tion of the enlarged spleen its already large blood supply greatlv 
increases, and, since it is joined with the portal vein, it is estimated that 
the blood from the spleen supplies 20 per cent of the blood in the portal 
circulation This is greatly increased with the increase in the size o 
the spleen, for the splenic vein and its branches are greatly increase in 
size With removal of the spleen and ligation of the splenic lein t is 


supply of blood to the portal vein would cease 

It was also assumed as a possibility that after the remora o tie 
enlarged spleen in cases of splenic anemia the denu e parie a 
pentoneum of the posterior portion of the abdominal cavit), w 
had been m contact with the spleen, might be the site of orrna ^ 
a network of collateral veins through which circulation between t po 
system and the inferior vena cava could occur In 1933, e^aries 
showed that ligation of the branches of the splenic \ein ^ 

cardia and the esophagus through the short gastric veins ec 
the flow of blood through the esophageal veins when tie s p e 
removed and suggested that this is one of the importan e 
splenectomy Splenectomy, however, did not comp ete } 
problem, for Mayo in 1929, in his report of 148 ^ 

for splemc anemia (with 14 deaths), stated that in a ou natients 

the cases in which recovery took place after splenectomy .q^^^cIi 
died at some time m the next ten years of hemorrhages nrilmp-us In 
probably from ruptured vances in the lower end o t ^ 

1931, Pemberton reported the recurrence of ^ pg 

phageal vances after splenectomy m approximate y P 

cases 

In a recent review of the results of various surgical ^ 

formed at the Mayo Chmc on patients with o i/found 

Pha^nces, Giffin and two of us (Walters and McKinnon) 

, ^ayo, W J The Enlarged Spleen, California & West Med 

T P«n'>>erton, J dej Results of Splenectomy m Splenic 

n ice, and Haemorrhagic Purpura, Ann Surg 9 - unpublished data 

G'fSn, H S , Walters, W, and McKinnon, D A tJnp 
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that 41 of 103 splenectomized patients had had no subsequent hemor- 
ihages for periods varying from a few months to more than fifteen years 
alter operation (table 1 ) It is to be noted that SO of the patients under- 
went splenectomy alone, 12 underwent splenectomy and ligation of the 
coronary vein, wnth or without omentopex}, and 11 underwent 
omentopexy, but not ligation of the coronary vein, wnth the splenectomy 

From Jan 1, 1908, to Dec 31, 1934, inclusive, splenectomy was 
performed for splenic anemia in 180 cases at the Mayo Clinic One 

Table 1 — Effect of Different Surgical Procedures on Bleeding Esophageal Varices 

in Cases of Splenic Anemia 


Procedure 

Number 

of 

Cases 

Bled 

Preoper 

atlvely 

Bled 

Postoper 

atl\ely 

Untraced 

Hospital 

Deaths 

No 

Subsequent 

Hemorrhage 

Splenectomy alone 

SO 

SO 

33 

5 

9 

33 

Splenectomy, ligation 
of coronary vein and 
omentopexy 

3 

3 

o 

0 

0 

1 

Splenectomy and 11 
gatlon of coronary 
vein 

9 

9 

6 

1 

0 

2 

Splenectomy and 
omentopexy 
Preoperative 
bleeding 

5 

5 

1 

1 

2 

1 

No preoperatlve 
bleeding 

G 

0 

1 

1 

0 

4 


Table 2 Survival After Operation for Patients xvith Splenic Anemia Undergoing 
Splenectomy and Associated Surgical Procedures 


Five Year Survival After 
Operation * 


Ten Tear Survival After 
Operation * 


Fifteen Tear Survival After 
Operation * 


m- ^ Fercent- Percent Percent 

rotal ^aced age of Total Traced age of Total Traced age of 

Jratlents Patients Survival Patients Patients Survival Patients Patients Survival 


ISO 


170 


666 


160 


135 


115 


102 


S9 


29 ^ 


The five year group comprises the patients on whom operation was performed five or 
prior to the time of inquiry, that Is, on Dec 31, 1934, or earlier the ten year 
^ comprises those on whom operation was performed on Dec SI 1929, or earlier the 
earlie^ ffroup comprises those on whom operation was performed on Dec 31, 19-4, or 


hundred and seventy patients were traced, of whom 56 5 per cent lived 
for five years or more after operation Of 150 patients on whom opera- 
tion had been performed ten years or more before the time of inquiry, 
135 w'ere traced, of these, 41 5 per cent were luing at the end of ten 
\ears, while 29 2 per cent lived for fifteen years or more after opera- 
tion (table 2) When these results are compared with those m the 
operative cases in wdiich the survival rate was based on the onset of 
stmptoms (table 3) it is found that approximately 73 per cent lived 
five years or more, 56 per cent, ten vears or more, and 52 per cent. 
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fifteen yearb or more There was a hospital mortality rate in tlie 180 
cases of 10 per cent The causes of death (operative mortality) are 
shown in table 4 

Ligation of the Corona) y Vein — In 1929, Rowntree, Mclndoe and 
one of us (Walters), on the basis ot anatomic studies of the portal 
circulation, advocated ligation of the coronar}^ vein as a possible means 
of preventing bleeding from esophageal varices The operation was 


Table 3 — Survizxtl After Onset of Symptoms for Patients loith Splenic 4nemia 
Undergoing Splenectomv and Associated Surgical Procedures 
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of hepatic insufficiency In the case of 1 there was a question of hemor- 
rhage In 1 of the 3 patients operated on in 1934, hepatic insufficiency 
with jaundice, ascites and edema developed m 1936 The second patient 
died in 1937 of hepatic insufficiency This patient had had repeated 
gastrointestinal hemorrhages 

As was previously mentioned, ligation of the coronary vein and 
splenectomy were done in 9 cases (table 1) Those m which ligation 
of the coronary vein alone was done (4 cases) were cases of pnmary 
cirrhosis of the liver m which esophageal varices developed and in which 
hepatic insufficiency developed later and in most cases became the cause 
of death Hence the true merits of this operation in the treatment of 
bleeding esophageal varices associated with splenic anemia cannot be 
definitely determined at this time, since ligation of the coronary vein 

Table S — Effect of Surgical Procedures on Bleeding Esophageal Vances in 
Patients with Cirrhosis of the Liver* 



Kumber 

of 

Bled 

Preoper- 

Bled 

Postoper- 


Died No , 

Subse Subseauent 

Proceduro 

Oases 

atlvely 

atively 

TJntraced quently Hemorrnaga 

Ligation of coronary 

vein alone 

4 

4 


1 

1, 

Immediately 

1, 2 years later 

u 

Ligation of coronary 

vein and omentopexy 

6 

4 

2 ** 

3f 

0 , 

all but one 
died within 3 years 

A 


• One patient had syphilitic hepatitis ui-j 

** These patients have subsequently died, but vfe knew froin follow ups that they hau d 
before death 

t These patients are known to be dead, but their symptoms before death are u nkn own 

alone has been done on too few patients to justify any decision about its 
value 

Omentopexy — Since many observers have noted from time to time 
that nature, m her desire to divert blood back into the general circulation 
around a cirrhotic liver, attaches the omentum to the abdominal wall, it 
was suggested by Talma and his associates that an attempt be made 
to assist m the establishment of such a method of collateral circulation 
by placing the omentum m contact with' the branches of the veins of 
the abdominal wall, particularly the superior epigastric vein and its 
branches This could be done by scarifying the parietal peritoneum an 
suturing the omentum to it or by a modification which Mayo describe 

16 Talma, Safe, Drummond, David, Monson and Rutherford, ated by Vander 
Veer, E A Talma Operation for Cirrhosis of the Liver, with Report o 
Surg, Gynec & Obst 15 278-281 (Sept) 1912 

17 Mayo, W J The Surgical Treatment of the Cirrhoses of ^be Luer an^ 
Their Complications, m Collected Papers of the Mayo Chnic, P i a e p 
W B Saunders Company, 1918, vol 10, pp 143-145 
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m 1918 and which at that time he had used in 28 cases, namely, drawing 
the omentum up through the peritoneal incision and into the incised 
rectus muscle, suturing it in that position and closing the fascia carefully 
over it In discussing the merits of this procedure he stated, “On several 
occasions we have gone down a second time in the vicinity of the previous 
operation, with a view of increasing the omental attachments, and have 
found such extensive compensatory circulation, almost entirely venous, 
that we were obliged to desist, and even with difficulty controlled the 
hemorrhage’^ In 1933, Pemberton,^® in discussing the value of omen- 
topexy as an adjunct to splenectomy performed on patients with splenic 
anemia, stated that he had used it m 15 cases, in which subsequent bleed- 
ing had not occurred This must be qualified by a statement that he had 
not been in touch with some of the patients for a considerable period 
In 1 of Pemberton’s cases the sequence of events that followed omen- 


topexy IS worthy of description 

The patient in this case, who had Banti’s disease, had complained 
bitterly of pain in the right side, and the clinician had suspected that 
the gallbladder or the appendix was the cause of this It was felt, there 
fore, that it was advisable to explore the gallbladder and the appendix 
before performing splenectomy At operation it was found that there 
was ascites grade 2 (on a basis of 1 to 4) This patient, according to 
the bromsulphalein test of hepatic function before operation, had had dye 
retention, grade 2, and at operation a biopsy specimen of the liver was 
taken, which showed portal cirrhosis, grade 1, and fatty liver, grade 
plus As the appendix and the gallbladder were not grossly 
the wound was closed after omentopexy had been performe e 
patient’s convalescence was uneventful , three weeks later the hepatic 
function test showed no dye retention, and she was allowed to go 
home On her return to the clinic, six weeks after omentopexy, tie 
hepatic function test again showed no dye retention Splenectomy 
^oue, and no free fluid was found in the abdomen The under 
of the anterior abdominal wall, where the omentopexy had been previ- 
ously done, was inspected, and the omentum running into the abdomma 
'^^11 seemed to be particularly richly supplied with blood vessels le 
P^hent went through the operation nicely and had a normal convalescence 
Likewise m 1933, Pemberton^® suggested that if recurrent bleeding 
^om esophageal varices occurred in patients on whom he a 
onicntopexy it would be a good idea to inject a sclerosing solution direc y 
*uto the esophageal varices through the esophagoscope n le p 
^^^nce of omentopexy Pemberton expressed a preference for incor- 
omentum in the abdominal wall, lateral to the mcisi 

Pemberton, J dej Personal communication to the authors 
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for laparotomy, so as not to jeopardize healing from this incision In 
describing his technic he stated 


After separation of the several layers of the abdominal wall for 3 centimetres 
from the edge of the wound, a small incision is made through the pentoneura 
and posterior sheath of the rectus abdominis muscle, and a segment of omentum 
14 to 20 centimetres is then drawn up through this opemng and sutured Similar 
incisions are made in the muscle and anterior sheath of the rectus abdominis, at 
successive levels, each lower than the preceding one, 2 5 centimetres or more 
apart, and the omentum is drawn through these , the distal S to 8 centimetres is 
then buried beneath the skin 

By bringing the omentum out in a steplike manner, conditions are established 
for the formation of new blood channels m each layer of the abdominal wall, 
and on account of the oblique course of the opemngs, the chances of troublesome 
herniation are minimized 


Injection of Sclerosing Solutions into the Esophageal Vances — ^In 
1933, one of us (Walters), m discussing Kegaries’ paper,®*’ suggested 
that it might be advisable to inject a sclerosing solution into the varices 
around the esophagus at the time of hgation of the coronary vein This 
procedure has recently been carried out by Grace At about this time, 
Pemberton and one of us (Moersch became interested in the possi- 
bility of injecting a sclerosing solution into the veins directly through 
an esophagoscope Before attempting to carry out the procedure on 
human beings, the experimenters thought it would be advisable to per- 
form it on experimental animals An attempt was made to produce 
varices of the esophagus m dogs While they could produce enlarged 
vessels over the thoracic wall of the animal, they were unable to produce 
enlargement of the veins m the esophagus Consequently, the idea of 
employing the method on human beings remained m abeyance During 
1939, Crafoord and Frenckner,^^ of Stockholm, reported that they had 
carried out this form of therapy successfully on a human being and 
that the patient had remained free from symptoms for approximately 
three years after treatment Their report encouraged one of us 
(Moersch^*) to attempt to duplicate the procedure The successful 
result obtained by this method was reported by him at a meeting of the 
American Association for Thoracic Surgery, and an abstract of the case 
follows (case 1) 

19 Grace, E , m discussion on Moersch 

20 Aloersch, H J Treatment of Esophageal Varices by Injection, Proc Staff 
Meet, Mayo Clin 15 177-179 (March 20) 1940 

21 Crafoord, C , and Frenckner, P New Surgical Treatment of Varicose 
Veins of the Oesophagus, Acta oto-laryng 27 422-429, 1939 

22 Moersch, H J The Treatment of Esophageal Varices by Injection of a 
Sclerosing Solution, read at the Meeting of the American Association for Thoraac 
Surgerj', Cleveland, June 6-8, 1940 
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Case 1— A man 30 }ears of age came to tlie Mayo Clinic in February 1940 
with a history of recurrent gastrointestinal hemorrhage A diagnosis of Banti's 
disease or cirrhosis of the liver had been made elsewhere The patient apparently 
had enjoyed the best of health until 1928, in which year he was suddenly stricken 
Mith a severe attack of hematemesis He was hospitalized, and repeated transfusions 
of blood were necessary The patient recovered from this attack satisfactorily 
and remained well for approximately one year, at the end of which he suffered 
a similar attack and transfusions of blood again were required At this time 
enlargement of the spleen was noted and splenectomy was advised At operation 
the spleen, which was approximately nine times the normal size, was remo\ed 
There is no record of the exact character of the spleen After operation the patient 
did not experience recurrence of bleeding until 1936, in which 3 ear he again began 
to suffer from hemorrhage Since that time he had been having recurrent attacks 
of bleeding which occurred with increasing frequency, and during the year prior 
to his coming to the clinic he had had four attacks, the last one occurring in 
December 1939 

On physical examination nothing of unusual consequence was found The 
significant observations at laboratory investigation w^ere as follows There was 
a reduction in the value for hemoglobin to 9 6 Gm per hundred cubic centimeters, 



^*5 4 'Instrument and needle employed in the injection ot sclerosing solutions 
into esophageal varices (From Moersch, H J The Treatment of Esophageal 
Vances by Injection, Proc Staff Meet, Mayo Chit 15 177-179 (March 20) 1940 


“d the blood smear was reported as showing macrocytic hypochromic anenua 
° we type associated rvith cirrhosis of the liver Roentgen examination of the 
wphagus revealed esophageal vances involvmg the lower third of the gullet It is 
er interesting that the test for hepatic function did not show retention of dye 



One of us (Walters), who saw the patient m surgical consultation, 
nught be a suitable case in which to attempt contro o e 
x\<ie ^^jection of a sclerosing solution into the varices In spite o 

the patient was rather anxious to have us attempt the procedure, 
e lived in constant fear of a fatal hemorrhage 
enlar j investigation was made with local anesthesia, an mar e y 

gc varices involving the lower third of the esophagus were rea i y 

that they almost completely obstructed the umen o 
formed large, bluish nodular prominences which 
fr ^ ^ suitable vein was selected for injection, and wi 
Si ° ^ ^ 2 5 per cent sodium morrhuate 'vas mje ted 

iS tis (Moersch), the procedure was 

'‘it<r\-ai ^ tio bleeding Injections were given three more times a 
cc of the solution being injected on each of these occasions 
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The change that took place after the injection treatment was striking 
The vessels into which the sclerosing solution had been injected lost their 
bluish color and became yellowish gray , they were firmer and smaller, and the 
surrounding mucous membrane became less congested After the last injection 
the lumen of the esophagus, which had been almost completely obstructed by the 
enlarged \arices, returned almost to its normal caliber, and it was possible to 
look into the stomach without difficulty 

In a recent communication received from the patient, he stated that he has 
had no further bleeding since his treatment, that the value for hemoglobin has 
increased to 81 9 per cent and that he has been feeling better than he has for 
several years 

Sufficient time has not elapsed in which to determine the efficacy of 
the injection treatment of esophageal varices, and it may be found 
necessary to repeat the procedure if further bleeding should take place 
It is still uncertain whether the injection should precede or follow 
splenectomy and ligation of the coronary vein At present one of us 
(Moersch) is inclined to believe that it would be advisable to carry out 
the splenectomy before the injection is attempted It seems, however, 
that this procedure is worthy of serious consideration, as it offers a 
possible method of controlling bleeding that has not responded to any 
other form of therapy and thus may be successful in prolonging the life 
of the patient 

Since this report, one of us (Moersch) has carried out or attempted 
injection treatment of esophageal varices in 5 additional cases 

Case 2 — The patient was a man aged 40 years who had syphilitic hepatitis 
He had been having gastric hemorrhages Roentgen examination was reported 
as showing varices involving the lower half of the esophagus The spleen was 
found to be enlarged, as was the liver On esophagoscopic examination the 
varices were found to in\olve the lower part of the esophagus Although they 
were numerous, they were very small in caliber, and Moersch had a great deal 
of difficulty in trymg to insert the needle into the veins Because of this, he did 
not feel that further injection was advisable at this time 

Case 3 — The patient was a woman 52 years of age In October 1939 she had 
her first massive gastrointestinal hemorrhage She had no further trouble until 
eight days before admission to the clinic, on June 8, 1940 She stated that 
cholecystectomy had been performed seven years previously On physical examina 
tion the spleen was not palpable The patient was markedly anemic One of us 
(Walters) saw her m surgical consultation and did not feel that splenectomy was 
advisable Roentgen examination showed varices of the lower third of the 
esophagus On esophagoscopic examination, large veins were found involving the 
lower half of the esophagus Sodium morrhuate was injected into these and 
the patient was permitted to go home, with instructions to return in three months 
for further examination There was no retention of dye, and there has been no 
further bleeding 

Case 4 — The patient was a man aged 20 years At 2 years of age he had 
severe malaria, and since then he had had an enlarged spleen At the age of 
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years a diagnosis of splenic anemia was made and splenectomy was performed 
One year after splenectomy the patient had his first gastrointestinal hemorrhage 
Since then he had had repeated severe gastrointestiinl hemorrhages, with loss of 
blood both by hematemesis and by bowel Transfusions had been required 
frequently In January 1939 ligation of the coronary vein was carried out, with- 
out marked benefit The hepatic function test gave normal results His blood 
\olume had been kept low on purpose, m an attempt to prevent bleeding, but this 
had failed Roentgen examination made here showed extensive varice^ involving 
the greater portion of the esophagus Esophagoscopic examination likewise showed 
extensive varices involving most of the gullet Repeated injections were carried out, 
and the patient was permitted to go home, with instructions to return for further 
exammation in three months He has had no further bleeding since the treatment 

Case 5 — A man aged 46 years gave a history of recurrent attacks of 
hematemesis and melena since Sept 25, 1938 He had had severe hemorrhages as 
frequently as every two weeks Repeated blood transfusions had been required 
The patient first came to the clinic in March 1939, and a diagnosis ot esophageal 
varices was made The spleen was not palpable at this time Roentgen examina- 
tion revealed esophageal varices involving the greater portion of the esophagus 
Esophagoscopic study revealed large varices involving the lower half of the esoph- 
agus and the cardiac portion of the stomach The patient was seen in surgical 
consultation, but operation was not advised He continued to have bleeding and 
^turned to the clinic in June 1940, at which time the value for hemoglobin was 
per cent and the erythrocyte count 4,800,000 per cubic millimeter of blood A 
test of hepatic function showed no retention of dye. When the first injection was 
sttopted, the patient had a very severe hemorrhage and it was necessary to 
^c the esophagus This controlled the bleeding nicely, and the patient recovered 
Further injections were carried out While still under treatment he had 
'cry severe hemorrhage, and at present he is in tlie hospital receiving trans- 
usions During the hemorrhage the value for hemoglobin was reduced to 9 
pc cent Further injections are to be carried out because of his insistence and 
of the fact that there is practically no alternative in his case 

^ Case 6 The patient was a man aged 37 years He first began to have 
hematemesis in 1934 It is rather interesting that gastroscopic examina- 
but times elsewhere in an effort to locate the cause of the bleeding 

resnlT f was found m the stomach, and no bleeding was produced as a 

was A procedures He first came to the clinic m 1934, when a diagnosis 
^ e of hepatic cirrhosis with associated vances of the lower end of the 
have repeated bleeding smee that time, and repeated transfusions 

retentin interesting feature m his case is that he has had dye 

onlv H,” ^ hut that recently this has been only of grade 1 It has been 

cxaininJf^^ spleen has become slightly palpable Roentgen 

^opic ^O'ved varices involving the lower end of the esophagus Esop ago 
^c mill however, showed the varices to run up into the upper r o 

''arices tu have been given, with marked decrease in the size o & 

^^Phaern ^ P^^^t recently has had one very small episode of bleeding, an 
^nunation since that time has revealed that a small vesse m e 
^ophagus had apparently leaked Further injection ® 

^tiling ^bon into this vessel has been earned out, and the patient as 
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We think that it must be emphasized that sufficient time has not 
elapsed to enable us to arrive at any definite conclusions as to the efficacy 
of this form of treatment It may be pointed out that roentgen examina- 
tion of the esophagus does not always demonstrate the varices This is 
illustrated by a patient on whom one of us (Walters) recently performed 
splenectomy In her case roentgen examination of the esophagus gave 
negative results, but on esophagoscopic examination we found large 
varices involving the lower third of the esophagus and almost occluding 
Its lumen It is also of interest that the esophageal varices generally 
have been found to be much more extensive than the roentgenogram 
would lead one to believe In practically all of the cases the varices 
were found to extend up into the upper third of the esophagus It may 
also be pointed out that instrumentation can apparently be carried out 
without a great deal of danger of producing hemorrhage This would 
seem to emphasize that trauma from the passage of food through the 
gullet IS probably of only minor importance in the production of bleeding 


SUMMARY 

Esophageal varices develop as a result of obstruction of the portal 
and splenic veins, and bleeding occurs because of their superficial posi- 
tion in relation to the esophageal mucosa Although Banti’s disease and 
splenic anemia are the conditions most frequently associated with eso- 
phageal varices, the former cannot be regarded as distinct climcal entities 

The surgical treatment of splemc anemia has been directed toward 
removal of the enlarged spleen on the assumption that it was contributing 
toward the destruction of red blood cells and, in addition, because sple- 
nectomy reduces the amount of blood flow to the portal vein by an 
amount ranging from a normal percentage of approximately 20 to a much 
larger percentage when the splenic vein and its branches enlarge with 
the enlargement of the spleen In addition, in splenectomy the veins com- 
municating between the splenic vein and the cardia and esophagus 
through the short gastric veins and gastrolienal hgament are interrupted 
by division and ligation, which assists in decreasing the amount of 
venous blood coursing through the esophageal varices After removal 
of the spleen the denuded surface of parietal peritoneum forming its 
previous bed may be the site of formation of collateral veins between 
the portal and the caval system 

Although splenectomy performed for splenic anemia has been fol- 
lowed by good results in a large senes of cases, it is apparent that 


23 Although the spleen was about four times the normal size (weight, 910 
Gm ) in this case, with a considerable degree of splenitis, with fibrosis of the 
pulp and with marked phlebitis of the splemc vein and its branches, the liver 
appeared grossly to be normal 
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this operation, even when combined with ligation of the coronary vein 
or with omentopexy, does not prevent recurrence of bleeding from the 
esophageal vances m more than 38 per cent ot the cases This is m 
keeping ^vlth the earlier reports of Mayo/- who said that “in about 
10 per cent of the cases in which recovery has taken place after sple- 
nectomy, the patients have died some time in the next ten years of 
hemorrhage from the stomach, probably from ruptured nances m the 
lower end of the esophagus '' 

Although it has been shown that m the presence of portal cirrhosis 
a considerable flow of blood occurs through the coronary \ein, which 
anastomoses with the internal mammary vein at the cardiac end of 
the stomach and m the esophagus and that ligation of this vein in the 
gastrohepatic omentum will serve to interrupt this flow of blood, this 
procedure has been used alone m too few cases of splenic anemia to 
justify any conclusion relative to its merits m reducing the incidence of 
hemorrhages from esophageal varices in such cases 

The recent successful obliteration of esophageal vances by the injec- 
bon of sclerosing solutions into them through the esophagoscope and the 
report of 6 cases in which the injection was done at the Mayo Clinic 
6ive indication that this is a procedure worthy of trial to determine 
permanence of its efficacy in causing obliteration of esophageal 
■'^ncosities 



ESOPHAGEAL DIVERTICULA 


FRANK H LAHEY, MD 

BOSTON 

HISTORICAL DATA 

In 1764 Ludlow observed "preternatural pockets” in the esophagus 
at autopsy 

In 1816 Bell - published in his volume of "Surgical Observations” 
a paper entitled "A Praeternatural Bag, Formed by the Membrane of 
the Pharynx ” 

CLASSIFICATION 

In 1877, Zenker and von Ziemssen ® were the first to classify diver- 
ticula of the esophagus into traction and pulsion types They also 
made a study of the literature (23 cases) and added 5 of their own, in 
which autopsy was performed 

In 1922, Bensaude, Gregoire and Guenaux ■* made a new classification 
of esophageal diverticula — those of the esophagus are distinguished from 
pharyngoesophageal diverticula 

Tj action Diverticula — In 1840, Rokitansky ® first correctly described 
traction diverticula 

Etiology — In 1816, Bell “ described the condition as due to distention 
of the pharynx from ineffectual attempts to swallow, with resultant pro 
trusion of the inner coats of the pharynx through hypertrophied bundles 
of the inferior constrictor pharyngis muscle 

In 1921, Kulenkampff ® said that the condition is analogous to 
inguinal hernia and is produced by establishment of a sac in the site 
of a congenital muscular hiatus which is covered in with elastic tissue 

1 Ludlow, A Obstructed Deglutition, from a Preternatural 

and Bag Formed in, the Pharynx, M Obs Soc Physiaans London 3 85-101, 1/0-- 
1767 , 

2 Bell, C Surgical Observations, London, Longman [and others], 

pp 64-70 

3 Zenker, F A, and von Ziemssen, H Krankheiten des Oesophagus, 
von Ziemssen, H Handbuch der speciellen Pathologic und Therapie, eipz 
F C Vogel, 1877, vol 7 (supp), pp 50-87 

4 Bensaude, R , Gregoire, R, and Guenaux, G Diagnostique et 
des diverticules oesophagiens, Arch d mal de Tapp digest 12 145-203, 

5 Rokitansky, C Spindelformige Erweiterung der Speiserohre, Med Ja 
d k k osterr Staates 21 219-222, 1840 

6 Kulenkampflr, D Zur Aebologie, Diagnose und Therapie der sogenanntvn 
Pulsionsdivertikel der Speiserohre, Beitr z klin Chir 124 487-515, 
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Symptoms In 1900, Starck ^ divided symptoms into prodromal, 
direct and indirect 


Surgical Treatment — In 1830, Bell proposed establishment of a 
fistula to empty the diverticulum of its contents , this was practiced m 
1877 by Nicoladoni ® m Vienna, Austria 

In 1850, Kluge conceived the idea of excision, which was first done 
m 1884 by Niehans® on a patient with both goiter and esophageal 
diverticulum 

In 1892, von Bergmann reported a case of successful extirpation, 
and m the same year Kocher performed the operation, with healing bv 
first intention 


In 1896, Girard suggested a new method — invagination of the 
diverticulum and suturing of the esophageal walls 

In 1917, Bevan elaborated this procedure He iinerted the outer 
half of the sac and buried the stump with a senes of purse string sutuie^ 

10 Schmid proposed diverticulopexy, which \\as performed in 

17 by Hill on a patient, with temporarily good results 
From 1910 to 1915, the popularity of surgical treatment was inhibited 
y the high mortality associated with one stage procedures 
In 1909, Goldmann performed two stage operations , the pouch 
freed, its pedicle ligated with silk, the wound packed and the sac 
^€d to the surface of the wound This procedure resulted m sloughing 
? diverticulum, and on the eighth day a fistula formed, which 
months 

^ Starck, H Die Divertikel der Speiserohre, Leipzig, F C W Vogel, 1900 

^ IC Behandlung der Oesophagusdivertikel, Wien nied Wchn- 

27 606*607, 1877 

Soei^ cited by Zesas, G Beitrag zur chirurgischen Behandlung des 

senrohren Divertikels, Deutsche Ztschr f Chir 82 577, 1906 

ArrK ^ Ueber den Oesophagusdivertikel und seine Behandlung 

^ kiln. Chir 43 1-30, 1892 

Oesophagusdivertikel und dessen Behandlung, Cor-Bl f 
J 2 Aerzte 22 233-244, 1892 

chir ^ traitement des diverticules de Toesophage, Assoc frang de 

13 B ^^-407, 1896 

1917^^' ^ ^ Bulsion Diverticulum of Esophagus, S Chn Chicago 1 449- 


Schmid, 
^ehandl 


^ ^ Vorschlag eines eiofachen Op^rations-verfahrens zur 

k ^^opbaffus-divertikels, Wien klin Wchnschr 25 487-488, 1912 

ifctl (Se} y Fharyngeal Pouch Treated by Diverticulopexy, Proc Roy Soc 
16 n... ^ 1917-1918 

Die zweizeitige Operation von Pulsiondivertikeln d-.r 




j. ^ ^ Die zweizeitige Oper 

2 klin Ch:r 61 741-749, 1909 
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In 1916, Murphy improved this method by implanting the sac in 
the wound with its neck imhgated, thus preventing sloughing, and 
resected it two weeks later 

In 1918, Judd reported a modification of this method , the edges of 
skm were sutured to the neck of the sac, the wound was closed, and 



Fig 1 and B, examples of the small type of pharyngoesophageal pu sion 
diverticulum C and D, examples of the intermediate type E and F, examples o 
the large type 

17 Murphy, J B Diverticulum of Esophagus Conservative Treatment, S 
Clin Chicago 5 391-395, 1916 

IS Judd, E S Esophageal Diverticula, in Collected Papers of t e ay 
Clinic, Philadelphia, W B Saunders Company, 1918, vol 10, p 15 
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the sac was left as in an unopened colostomy stoma, lying on the skin 
Ten to twelve days later, when healing had taken place witlun the wound 
and about the neck of the sac, it was cut away and its edges turned 
into the esophagus 

In 1933, P® modified the two stage operation In small sacs the 
tip of the sac after dissection was sutured to the sternohyoid muscle at 



2 A, three examples of traction diverticula Note the tendency r 
^'«ticula to be pulled out laterally and not in a dependent 

>P«s of traction diverticula. Roentgenogram a represents t e a jj^^ction 
'erticulum, and roentgenogram b, the largest and most dependen typ , 

J'jrticulum ever seen at this clinic: All of these have been h^dled 
1 u roentgenogram b that, even though the d'vert.culum s of co 

^^^'^ble sue. the sue of its opening into the esophagus is nearly "f f ^e 
“■"Pkte diameter of the diverUculum, thus making it easily possible to emptj itsel 


F H 

*3) 1933 


Esophageal Diverticulum, J A 


U A 101 994-997 (Sept 
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a level higher than its neck within the wound, and in large diverticula 
the sac was implanted in the wound, pointing upward This prevented 
food from entering the wound between stages and caused the fistula 
which occurred after the second stage to close early 

Esophageal diverticula divide themselves into two main types, true 
diverticula, represented by the traction type of sac made up of all the 



Fig 3 — Supradiaphragmatic pulsion diverticula The chief complaint in cases 
of this type of diverticulum is regurgitation of the foul contents of the sac, bringing 
about nausea together with regurgitation of the contents of the sac into the throat 
during sleep and thus waking the patient 


coats of the esophagus, and false diverticula, represented by the pulsion 
t}pe so commonly seen at the pharyngoesophageal junction and so 
named the pharyngoesophageal diverticulum 

Esophageal diverticula occur at three levels those at the pharyngo 
esophageal junction, represented by the pharyngoesophageal pu sion 
dnerticulum (fig 1) , those m the intrapleural portion of the esophagus, 
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particularly at the level of the main bronchial stem, represented by the 
traction diverticulum (fig 2) and those just above the diaphragm, 
the pulsion type (fig 3) By far the most common t} pe and certamlv the 
type most prone to produce troublesome symptoms is the pharyngo- 
esophageal diverticulum 

PHARYNGOESOPHAGEAL DIVERTICULL M 

The pharyngoesophageal diverticulum has been well described as 
corresponding in its origin to an inguinal hernia It is a true herniation of 
mucosa and submucosa through the lowest fibers of the inferior con- 



Fig 4~-Diagraminatic illustration of the posterior aspect of J . 
Pharynx and the esophagus The two points marked ^ 

3 at which pulsion diverticula herniate through the upper x i . 
of the mfenor constrictor muscle, and the lower ^ is 
•aiple, the defect in the posterior wall where the cncopharynge 
the lowest fibers of the inferior constrictor muscle 

^^t'ctor muscle as they run transversely or through the obliquely 
rs o£ the cricopharyngei muscles on the posterior aspe 
^^Phagus (fig 4) As the cricopharyngei muscles 
e last fibers of the inferior constrictor muscle to become g 

the esophagus, they leave on the Posterior wall oj^^ 
ilie^i ^ ''^eak point, bounded above by the most m e 
fibe 'constrictor muscles and laterally by the oblique y 

of the cricopharyngei muscles This leaves a point or d.mp 
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on the posterior wall of the pharynx at the cricopharyngeal junction 
unsupported or weakly supported by muscular covering 

It has been suggested, owing to an incoordination behveen the 
impulses of the inferior constrictor muscles and the cncopharyngei 
muscles, that material as it is propelled downward by the constrictors is 
resisted m its descent by any uncoordinated action of the cncopharyngei 
muscles, thus tending to produce a bulging through this weak point 
It IS probable that m some persons there is at this point, as is true 
with inguinal hernia, a congenital weakness m muscular covering Taken 
together with neuromusculai incoordination, this results m bulging of 
the mucosa and submucosa at this weak point, just as such bulging 
occurs through a w^eak inguinal ring m the early stages of an inguinal 
hernia At this period the first stage of the pharyngoesophageal diverticu- 
lum occurs, diagrammatically shown m insert 1 in figure 5 a and, as 



Fig 5 — Roentgenogram a demonstrates the smallest type of esophageal ver 
ticulum in its very earliest stage Note that at this stage the sac has no ne 
In insert 1 may be seen diagrammatically the early stage, in which the submucos 
bulges through the fibers of the inferior constrictor muscle without as yet 
produced a sac possessing a neck Roentgenogram b represents a fully eve ope 
esophageal pulsion diverticulum with a definite neck, it is now at an 
stage Note (insert 2) the diagrammatic illustration of the relation o t e 
opening into the diverticulum to the true opening into the esophagus 
that the opening into the esophagus is in the lateral position at this stage, so 
food still passes readily through the transverse opening into the true esop 
without difficulty Roentgenogram c represents the stage of devdopmen i 
esophageal diverticulum in which, owing to traction on the sac, 
the diverticulum (insert 3) is transverse and the opemng into the esop agus 
One can appreciate from this diagram how food passes more rea i y m 
diverticulum sac than into the esophagus and how traction wi swa . 
the food-filled sac pulls the lips of the laterally placed opening into e ^ 
together, which interferes further with the entrance of food into e true es 

seen m an actual case, shown in the roentgenogram (fig 5 a) A 
period of development of the diverticulum no semblance o ^ , 

present, only a teatlike projection of mucosa bulges between 
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fibers of the cricopharyngei, muscles and the almost transverse fibers 
of the inferior constrictor muscle 

At this period of development appears the earliest symptom associated 
with esophageal diverticula, solely the feeling of a piece of food stuck 
in the tliroat, causing an annoying cough in an endeavor to get it up 
This is undoubtedly due to crusts of bread, flakes of cereal or any other 
dry bits of food lodging within the teatlike projection of mucosa, pro- 
duang the same disagreeable discomfort as may be produced bv a particle 
of food remaining persistently lodged in any portion of the phar\ nx 

As at this stage there is no neck to the sac, no operation should be 
considered In my early experience with diverticula I ha\e explored 
such diverticula at this stage and have not been able to undertake satis- 
factory operative repair Since patients witli dneiticula at this time 
have no obstructive symptoms, no symptoms of regurgitation and onh 
those symptoms occasionally brought about by particles of food lodg- 


ing m the sac, there is no immediate necessity for operation, and one 
can with safety wait for further development of the sac Wide and 
frequent dilation of the diverticulum at this period delays ^he develop- 
nient of the sac by dilating the fibers of the cncopharyngei muscles at the 
lower part of the neck of the sac In the experience of this clinic this 
does not, however, prevent the ultimate occurrence of a progressively 
enlarging diverticulum with a well developed sac and neck 

In figure 5 b may be seen the completely formed diverticulum sac 
^vith a well developed neck and a dependent sac This stage represents 
further advance from the first, or teatlike, stage and complete herniation 
the pharyngoesophageal mucosa and submucosa between the most 
infenor fibers of the lowest constrictor and the oblique fibers of the 
cncopharyngei muscles It represents the development of a true hernial 
^c, comparable with the sac of a fully developed oblique inguinal hernia 
^n this second stage of the development of a pulsion pharyngo 
esophageal diverticulum it is to be noted (fig 5 b) that while the fully 
l^eveloped sac is still moderately small the opening into the sac is in 
e oblique direction on the lateral wall of the esophagus, and the opening 
I” 0 the true esophagus is still m the transverse position This is o 
'^^use at this stage a large portion of the food still passes 
anl the lateral opening of the esophagus into the diverticu um 

along the longitudinal esophagus into the stomac i wit ou 

^^tive symptoms 

relat the only inconveniences suffered by the patient ^e those 

(ren, accumulation of food and mucus within the sac There is 

^ ^^gurgitation of food eaten at a previous meal, uii^e wi 
low il the patients frequently complain that as they swa 

nient nf noises may be heard m the throat, due to , 

ascending and descending sac agitating the air mixe w 
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fluid and food within the sac Patients at this stage not infrequently 
present themselves for operation because, they state, as a result of these 
noises they are objects of curiosity on the part of those who have meals 
with them The}' frequently complain that their companions at meals 
are curious as to what causes the noises in the throat when they swallow 

Stage 3, illustrated m figure 5 b, and insert 3, represents the most 
advanced stages of a pharyngoesophageal diverticulum At this stage 
the sac has become large and frequently has descended into the mediasti- 
num Downward traction on the food-filled sac converts the sac opening 
(fig 5 c, roentgenogram and insert) into a transverse one Downward 
traction on the sac so angulates the esophagus that the direct course of 
descent of food is into the diverticulum itself, this tends not only to 
enlarge the sac but to force it by the weight of its retained food and by 
the traction on the food-filled sac with swallowing always in a down- 
ward direction into the mediastinum As the large sac descends into 
the mediastinum and angulates the esophagus, it likewise angulates the 
true opening into the esophagus, so that it assumes a lateral position 
due to traction of the food-filled sac on the lateral esophageal wall 
This true opening into the esophagus tends to have its lips so pulled 
together that, as it is viewed through the esophagus, the opening into 
the true esophagus is frequently represented only by a longitudinal slit 
This accounts for the often encountered difficulty of passing an esopha- 
goscope by the sac into the true esophagus It is at tins stage that 
obstructive symptoms tend to appear, since the first food swallowed fills 
the sac, makes traction on the now laterally placed true opemng to the 
esophagus and tends to close it Food then finds its way with difficultv 
through this opening into the true esophagus and thence into the stomach 

When I first began to deal with esophageal diverticula, because the 
food-distended sac pressed on the lateral wall of the esophagus it w'as 
my impression that the obstructive symptoms related to esophageal 
diverticula were largely caused by this mechamcal pressure I was 
unaware of the real cause of obstruction until esophagoscopic study 
of a number of patients demonstrated that the opening into the diver- 
ticulum Itself was a true transverse one and that the opening into the 
true esophagus was laterally placed, with its lips so pulled together 
that food could not pass into it 

In the early stages of esophageal diverticula the symptoms are of 
insufficient magnitude to cause the patients seriously to consider seeking 
operative intervention Many diverticula on which my associates and 
have operated have undoubtedly existed for a number of years without 
their presence having been discovered either by tlie patient or by the 
physiaan 

One of the reasons that the patients come to operation is that they 
have been made unhappy by regurgitation of previously eaten oo 
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from the diverticulum sac, not infrequently on awkward and unexpected 
occasions They have requested operation, as has been stated, not 
infrequently because they have been annoyed by the attention directed 
to them as they ate as the result of the gurgling within the sac due to 
air mixed with fluid as the sac ascends and descends with deglutition 
They have also not infrequently sought surgical relief because the 
fluid-filled sac has spilled over at night when they were asleep, the 
fluid contents of the sac trickling down into the larynx and awakenmg 
them with violent coughing As the result of this experience, 2 patients 
have inhaled such amounts of material spilled from the sac that abscesses 
of the lung have resulted, requiring preliminary drainage before opera- 
tion on the esophageal diverticulum could be carried out A large 
number of patients have, of course, sought operation because thev ha\e 
reached the third stage of the development of an esophageal diver- 
ticulum, with complete obstruction or ability to get little, if any, food 
into the stomach 


It IS of interest to state, I believe, that few^ei and fewer patients 
^th very large esophageal diverticula are coming for operation, because 
physicians are becoming more familiar wnth the diagnosis of this con- 
are more aware of the danger of delay in treating it and have 
developed greater confidence in the safety of its operative correction 
e patients are now being sent for operation at much earlier stages, 
'vhile the sacs are reasonably small 

P^hents have come to operation with complicated situations 
ree have been operated on whose diverticulum sacs had been per- 
rsted elsewhere, before they came to this clinic, by either an esophago- 
or an esophageal dilator, serious mediastmitis resulting One 
^ <iuired posterior mediastinotomy, and 2 required gastrostomy and drain- 
6^0 the mediastinum anteriorly before they recovered from the result- 
mediastmitis In spite of the fact that one would expect a great many 
su mediastinum and about the neck of the sac to follow 

^ mi inflammatory reaction, this was not the case, and dissection of 
tha^^ ^^complished in these patients with little more added difficulty 
mf^/^ which no previous mediastinal infection and 

hQ fascial plane had taken place None of these patients, 

kom ^P^rated on earlier than several months after recovery 

^ mediastmitis and cervical cellulitis 

the had a carcinoma of the esophagus limited to the body of 

nietllrf sac (fig 6) Resection of the sac by the two stage 

^^sulted With a considerable portion of the adjacent esophagus, 

n ^ satisfactory outcome The case is, however, o too 
make any statement as to nonrecurrence o tie 
a A L ^ has healed completely , the esophagus has een 

me patient is swallowing well It was necessary m is case, 
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because of the amount of esophagus which was removed together with 
the sac and its neck, to feed the patient through a Levine tube inserted 
into the stomach through the nose 

It has frequently been advised that patients \\ ith complete obstruction 
resulting from large mediastinal diverticulum sacs be submitted to pre- 
liminary gastrostomy This is undoubtedly a wise procedure in cases in 
which obstruction to the esophagus has been present for a considerable 



Fig 6 — Roentgenogram demonstrating the occurrence of carcinoma arising 
the mucosa of the lining of the diverticulum sac and limited to the diverticulum 
Not only was the diverticulum sac with its contained carcinoma remove m 
case, but in order to obtain a wide margin of safety a considerable portion o 
wall of the true esopliagus was also removed 


period, with marked loss of weight, dehydration and general inanitio 
It IS not necessary, howe\er, m cases in which there is only incomp e e 
interference with passage of food through the esophagus into the stomac ^ 
I have suggested and practiced (fig 9) the plan of completely dissec 
the large sacs, implanting them in the vound and then inserting 
feeding tube through a purse string suture in the dome ot t le sac 
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the tube sutured mto the sac it may be guided doun the esophagus into 
the stomach, and feeding may be immediatel) begun ^vuhout the added 
complication of a gastrostomy 

One can, of course, introduce a nasal catheter while the cervica 
wound IS open, guide it past the sac into the esophagus after the sac 
has been freed and feed the patient in this way It is far more comfortable 
for the patient to have the feeding tube introduced through the dome 
of the sac and into the esophagus, resulting in less irritation an 
comfort than is the case w'hen a nasal tube is left m the esopiagus 
number of days 

The type of anesthesia employed lu the operative treatment ot ebop 
ageal diverticula is of considerable importance iMy associates an 
have employed regional and cervical block anesthesia m near y a 
these cases, because with the spilling of sac contents wi 
handling of the sac it is so important for the patients to retai 
throat reflexes to prevent pulmonary infections due to aspiration o 
contents In addition, this type of anesthesia is desirable because wi i 
the patient consaous, he can be asked to swallow and thus m ^ ^ 

ascend and descend, so that it can easily be visualized and issecte 
below anteriorly, from above and along its opposite posterior wa 
There has been a good deal of debate at medical meetings an 
literature, as with so many other surgical procedures, as to w le 
should employ the one stage operation m which the sac is c 
dissected and its neck transfixed, ligated or sutured or the two g 
cedure about which I have frequently written, m which at ^ ^ 
the sac is completely dissected, implanted high m the nlanes 

skm and removed at the end of eight to ten days, when the asc p 
^iid mediastinum have been walled off 

There will always be differences of opinion regarding one ^ 
stage operative procedures They will be settle y ^ 

^|rcumstances the extent of expenence of the individual 

^hcsc cases, the type of cases with which he has to deal, 

^^rgeons ability and equipment to handle such cases, and 

of the person responsible for the patient, m terms of cautio 

’‘^sponsibility 

^ have repeatedly stated that I feel sure that the one 
be done with reasonable safety but that m a large sen g^j^-iewhat 
^ortahty rate, however small it may be m both groups, 
favorable m the group done m two stages It has a 
that I am less interested m saving the patient^s tune than 

i\\,n ^ I have now operated on 118 p . and that 

^'Hrlicuia There has been but 1 fatality m the entire senes, 



1130 


ARCHIVES OF SURGERY 


in a man of 81 This patient died not of the operation for his diverticulum 
but of uremia Nevertheless, I am convinced that mortality as related 
to operative procedures cannot be explained away and that it must always 
be attributed to the operation Should a patient die of pneumonia either 
in the one stage or the two stage procedure, of emboli or of any other 
complication other than one directly related to the operation, it must, I 
believe, in all fairness and in order that one may correctly evaluate pro- 
cedures, be attributed to the operative method 

In view of the fact that I have been able to deal satisfactorily with 
118 of these patients, with but 1 fatality, it would be difficult for any- 
one to convince me of the wisdom, for me at least, of employing the one 
stage procedure 

As one compares the results and the thoroughness with which the 
operation can be done with either the one stage or the two stage pro- 
cedure, there is little to be said m favor of either as relates to this aspect, 
One can dissect the sac and amputate the neck of the sac as completely 
m one as in the other As far as reenforcing the muscular defect over 
the mucosa goes, in the one stage operation the muscles over the diver- 
ticulum are so flimsy that even though they can be sutured m the one 
stage operation I doubt that they add much in the way of support over 
the ligated neck 

With the exception of the method employed in 5 cases, in which 
the sac was completely dissected and suspended (fig 9) and in which, 
owing to the condition of the patient, the second stage was not performed, 
all of the operations reported on here have been done in two stages 
One patient died of pneumoma one month after discharge from the 
hospital The remaining 4 patients, on whom the second stage of the 
operation was not performed, are m satisfactory condition at the end of 
SIX years, seven months and six months (2 patients) respectively 

I have repeatedly described the technic which I have employed m 
cases of esophageal diverticulum I have employed a long longitudinal 
incision in front of the sternocleidomastoid muscle This has been used 
in preference to a transverse goiter incision as advocated by others, 
because it gives wide exposure of the area to be dissected and because 
It permits high implantation of the sac and favors accurate and anatomic 
demonstration of all the structures to be dealt with Any one who has 
operated on many of these pharyngoesophageal diverticula will be con- 
scious of the fact that the success of this operation is related to the 
thoroughness with which the neck of the sac is completely freed of all of 
its covering muscle fibers Unless the acute angulation of the neck of the 
sac is so completely freed that as the sac is carried upward this acute 
angle is converted into an obtuse one, the dissection is not complete 
Unless all muscle fibers have been so removed that the pale white , 
submucosa of the neck of the sac presents itself plainly, dissection has 
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not been complete Unless the shnglike muscle fibers beneath the lowest 
angle of the neck of the sac liave been slit there will constantly be a 
tendency toward recurrence of the sac at this point It is, therefore, 
evident tliat no incision which m any way limits exposure is desirable in 
this operative procedure, fraught as it so often is with possibilities of 
senous technical complications, such as perforation of the sac, incom- 
plete dissection of its neck, hemorrhage from the inferior thyroid artery, 
injury to the recurrent laryngeal nerve, tears m the mtenial jugular vein 
and injury to the superior cervical sympathetic ganglion, with the pro- 
duction of Horner^s syndrome 

For the foregoing reasons it has always been the conviction of lhi:5 
chnic that the safety which results from adequate exposure and anatomic 
dissection in a field m which bleeding can be accurately controlled tar 
outweighs the question of the appearance of the scar 



the following illustrationii (8 and 9) demonstrate diagram 
somf / technical procedures which have been employed m tins clinic and 
PuTl ^ devised in the surgical treatment of pharyngoesophagea 

01 til? In the insert may be seen the longitudinal incision in front 

muscle. In the mam illustraUon, the incision has been 
omohyoid muscle has already been severed, the internal jugular 
ihf , common carotid artery retracted, the thyroid gland mobilized touar 


^^^hnic IS well shown in the technical illustrations 
iiuistQ,a longitudinal incision m front of the sternoc ei o 

^sio a through the skin down to the sternocleido- 

^\cll This muscle is dissected back until the omohyoi muse e 

omohyoid muscle is then severed at its upper 
point where it disappears beneath the sterno 
muscle, it IS amputated at this point, and its stumps 
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tied With the omohyoid muscle out of the way, the thyroid gland is 
separated from the internal jugular vein and the common carotid artery, 
and the thyroid gland is picked up with blunt retractors and pulled 
toward the middle line The inferior thyroid artery is then demonstrated 
deep m the neck, cut between forceps and ligated Good-sized diver- 
ticulum sacs descend into the mediastinum beneath the inferior thyroid 
artery, so that it is necessary that that structure be severed in order 
that the delivery of such deep sacs may be safely accomplished After 
the inferior thyroid artery has been tied and the lobe of the thyroid 
e evated, if the patient is asked to swallow the sac of the diverticulum 
will immediately be seen to ascend and descend In most cases the 
sac will be closely bound to the longitudinal esophagus by the enveloping 
fibers of the cricopharyngei muscles These are separated at the lowest 


b c d 



, illustration a may be seen diagrammatically the plan of separating 

e ependent sac of the diverticulum from the longitudinal esophagus, to which 
It IS a erent and over which run the enveloping fibers of the cricopharyngei 
muse es Note the sac grasped with the Babcock blunt forceps so that traction 
can e made on it to facilitate the separation In illustration b the anterior fibers 
enve oping the wall of the sac have been separated, and the posterior fibers are 
now eing cut Note the appearance of the submucosa as the fibers running over 
t e sac and enveloping it with the longitudinal esophagus are severed Note 
particu ar y (illustration c) that the sac has been completely dissected up to its 
nec ^ and that the sling fibers of the inferior constrictor muscle immediately beneath 
t e neck of the sac have as yet not been severed It is failure to sever these shng 
fi ers that is so apt to bring about production of a shelf by means of which food 
is caught and recurrence of the hermation encouraged In addition to this, failure 
to cut these sling fibers makes it impossible to mobilize the sac upward so com 
pletely that what was an acute angle at the lower aspect of the neck can be 
adequately converted into an obtuse angle In illustration d may be seen the 
completely freed submucosa and the incision of the sling fibers of the inferior con- 
strictor muscle immediately beneath the neck of the sac This diagrammatic illus- 
tration demonstrates the completely mobilized sac with its submucosa and all of 
the muscle fibers about the neck of the sac freed and cut It is now ready to be 
implanted high in the neck 
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angle of the sac, and the dome of tlie sac is grasped \\ ith blunt Babcock 
forceps The neck of the sac is then completely dissected 

As already has been stated, great care must be exercised in working 
out the line of cleavage between the inner lateral \\all of the diver- 
ticulum sac and the outer longitudinal wall of the esophagus Once this is 
established the dissection immediately becomes easier As the sac is 
gradually dissected upward and freed it Avill become e\ident that, while 
the attachment of the lateral wall of the sac to the longitudinal esophagus 
in front has been freed, it is still bound down by the overlying muscle 
fibers in the back and behind the esophagus on the oppobite wall It is 



attarlf which the completely freed sac, as shown in illustration 8 d, is 

In stitches through adventitious tissue over the ^vall of the sac 

Uie prethyroid muscles m the neck at such a height that the dome of the sac is 
tliK ^ level of the neck, thus preventing the entrance of fo er 

da\s^ inserted into the mediastinum, where it remains for four 

i eight days, when the mediastinum and fascial p anes are 

Irimm wound is reopened , the dome of the sac is cut off , the mucosa is 

"'cmhr Within the sac, and the canal of submucosa without its mu^us 

gau,„ (shoftn m this illustration) is preserved and packed with gauze T e 
canal on the fourth day, when the wound collapses and the submucosa 

closes with no drainage 


co\p ^ W'lde exposure is so necessar}', since unless the muscles 

are which run behind the esophagus to the opposite side 

liantT possible to deliver the sac completely, so t la i 

"'='"t‘"lyfr«by,«„eck 
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With the sac hanging entirely by its neck it becomes extremely 
important to dissect with meticulous care all of the muscle fibers about 
the neck of the sac and particularly those fibers acting as a sling at the 
most inferior angle of the neck of the sac (fig 8 c) With the sac so 
completely dissected that it hangs freely by its neck with all overlying 
muscle fibers detached, with the shnglike muscle fibers under the lower 
angle of the neck of the sac slit and with the white submucosa of the 
sac neck clearly visible (fig 8d), the dissection is complete The sac 
IS then carried upward over the upper pole of the thyroid and pinned by 
two black Silk stitches to the uppermost fibers of the sternohyoid muscle 
Care is to be taken in inserting these two black silk stitches that the 
needle does not pass through the wall of the sac but only through the 
adventitious tissue about the sac If the needle is passed through 
the wall of the sac the stitches will cut out as a result of traction on the 
sac during swallowing, and there will be contamination of the wound 
and serious secondary infection in it 

When my associates and I first began to suspend these small sacs 
temporarily to the edge of the sternohyoid muscle within the wound 
merely by inserting black silk stitches through the adventitious tissue 
about the dome of the sac, we were fearful lest this rather dehcate tissue 
would not keep the sac suspended in this position There has never been 
any difficulty about this, in spite of the fact that with relatively small 
sacs there has undoubtedly been some traction on the sac If the sac 
remains for two or three days fixed by the black silk stitches in this 
upward position it will become so adherent as a result of the exudate 
about it that even though moderate retraction from the stitches occurs 
the sac will be found at the second stage of the operation still m its 
proper location and pointing upward 

It is desirable to eiriploy two black silk stitches to fix the dome of the 
sac to the sternohyoid muscles, leaving the ends about ^2 inch (1 
cm ) long By this plan, which I suggested a few years ago, it is possib e 
to find the sac quickly when the wound is reopened at the end of eight 
to ten days Prior to the employment of this plan, owing to the fact 
that the granulating wound frequently oozed considerably, it was often 
not easy promptly to locate the sac within the wound 

After implantation of the sac, the gauze end of a good-sized cigaret 
dram is inserted into the mediastinum to produce walhng-ofl; granula 
tions and is left m place for four to five days At the end of this 
it IS removed, and at the end of eight to ten days the second stage o t e 
operation is undertaken, without danger of cellulitis or mediastmitis 
from contamination of the contents of the sac ^ 

The patients are permitted to be out of bed on the afternoon o 
the first operation They are permitted to swallow food an ^ 



LAHEY— ESOPHAGEAL DlVERTICbLA II35 

than the 

the true ""T diverticulum opening into 

patients Tn ^hef h“ 

merlvnrP^ . T" demonstrated that any obstructive symptoms tor- 
y p esent have completely disappeared 

trachpa/^^ oight to ten days, with the patient under intra- 
net sahcf^^f anesthesia (regional anesthesia or field block is 

thewn. because of the secondary reaction within the wound), 

at thp 1 '■“Pened The finger is inserted along the sinus still present 
edm Pomt of the wound, where the dram was removed The 

the stpr j gradually pulled apart, and with a piece of gauze 

a^e ^sternocleidomastoid muscle, the internal jugular vein and the carotid 

wound ^ outward throughout their entire course in the 

stratine th ^ ^ wound widely opened, the black silk stitches demon- 
located evident The sac itself is then 

out and with Allis forceps the black silk stitches are cut 

Jn the t ^ wiped out of the bed which it has molded for itself 

the entirely free The tip of the sac is then cut oft, 

thp CO u.yers, the mucosa and the submucosa, making up the wall of 
become plainly evident 

^Iniost a ^ operation the wall of the diverticulum sac will be 

stage th^^ K ^ ^ sheet of delicate writing paper, but at the second 

of a hea will be so edematous that it will be of the tluckness 

re;iaiiir ^ blotting paper, and the submucosa will be found 

u^ucosa t^hen be grasped with tacking forceps, and the 

the canal blunt scissors, be easily and completely separated from 

diverticul ^ ^^hmucosa until it is entirely freed to the neck of the 
a smoii ^ niucosa is then cut off at the neck of the diverticulum , 

^ ^*naii piece nf 

The dram S^uze is inserted in the submucosal canal remaining 

plain cat^ brought out through the wound, buried stitches of 

woin^^ approximate the platysma and the subcutaneous fat, and 
subm ^l^sed with clips (fig 10) The advantage of retaining 
Points u canal freed of its mucosa is that the canal, which still 

Prevents oollapses after removal of the dram from it, and this 
^nent of drainage of food through the wound and establish- 

Th 

^our to Within the canal of submucosa is remo\ed at the end of 

*^^^cosa provided it has been possible to retain the sub- 

^^‘alvage within the canal, there is usually healing A\ithout 
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Some of the operative complications which can occur and some which 
have occurred in the experience of this clinic require mention One must 
be careful m dissections of the neck of the diverticulum sac, since it is 
to be recalled that the lowest fibers of the inferior constrictor muscles 
are attached to the horn of the thyroid cartilage and that this is the level 
at which the neck of the diverticulum sac is located One must remember 
that it IS beneath these lowest fibers of the constrictor muscles that the 
recurrent laryngeal nerve enters the larynx to become mtralaryngeal 
Care must be exercised, therefore, in dissections of the neck of the sac 



Fig 10 — Diagrammatic illustration of the second stage of the operation, show 
ing the gauze pack emerging into the upper part of the wound and placed throug 
the submucosal canal, from which all mucosa has been removed Note that the 
remainmg submucosal canal points upward When the gauze pack is remove , 
on the fourth day after operation, the canal will so collapse in its upward position 
that there will not be leakage of esophageal contents through it 


lest injury to the recurrent laryngeal nerve result One must remember 
also that, as the common carotid artery and internal jugular vein are 
pulled back at the upper angle of the wound, not infrequently one comes 
in contact with the supenor cervical sympathetic ganglion, injury to 
which will, of course, result in drooping of the lids and Horner s 
syndrome 

One must be careful with large sacs implanted in the wound with 
the tip of the sac above the level of the skin not to pull the sac too 
far out into the wound, lest the longitudinal esophagus be dtsplaye 
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laterally and so acutely angulated that food cannot 
do™ ,ts course In my early expertence th.s occurred to ™ “d on 
t«o occastons tt requtred reopen.ng of the wound resmra on 

of the dislocated esophagus to its inidlme position before adequate 

lowing could be accomplished , 

With large diverticula one must be careful to watch the sac imp a 
above the level of the skin within the dressing, because wit t e 
ing of food and air large diverticulum sacs not m requent y 
enormously distended and tense with air that gangrene ca 
Should distention of the sac with air occur, a rub er ca e er » 

by means of a purse string suture, immediately be mserte m 
through its tip to overcome this distention 

In no case in this entire senes of 118 cases of ^ 

diverticulum has the sac, the neck of the sac or any leve o t e esop 
been perforated I cannot, therefore, speak from experience as o 
should be done should a perforation of the sac or o its nec 
during its dissection I feel very strongly, however, tiat s ou 
it should be carefully sutured with silk, with inversion o ie 
perforation and accurate closure with lightly tied silk nm res 
1 feel very strongly that, should leakage occur, there wi a 
danger of contamination of the fascial planes and inserted 

In the event of this occurrence, large gauze packs s ou k^o-us 

into the mediastinum and into the fascial J "esultin- intection 

^ a protection against the possible spread ot the tube 

downward toward the mediastinum, and, m addition, a , , , 

should be inserted through the nose into the stomac of the 

fad to recall that tlie esophagus with its diverticulimi m fascial 

prevertebral fascia and behind the pretracheal fascia and th 
plane leads directly into the superior mediastinum „rt,rii1a 

One cannot have operated on this number of „ arise 

"•thout having dealt with almost all of the complications " 

'« conneebon with them One of the most distressing is ^ ^„t,on 
s'lus through which food is discharged for several wee s ^ 
nch a sinus is, m my opinion, most often the resu narticularlv 

‘"^'iequate dissection of the sac It is most often 
'nadequate dissections of the neck of the sac If 
'Sure 8 b IS not completely freed so that it is conver e niucous 

'^brane which will catch food, discharging it e„ce, how- 

tbus keeping the sinus tract open I can say opera- 

that although I am sure that some of the sac ne^ experience 

nsmenhoned were not dissected as completely m m) j failed 

' *«UM May like to have them, none of the stnnses nitnnatel 

close 


to 
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Recurrence took place in 3 of these cases, and reoperation ivas 
required I am sure that the recurrences were the result of incomplete 
dissection of the neck of the sac before I had had the necessary experience 
with which to accomplish these painstaking dissections 

There has often been considerable debate as to whether patients with 
esophageal diverticula require postoperative dilation A number of 
patients from considerable distances, operated on at this clinic, have not 
been able to obtain postoperative dilation and have had quite as satis- 
factory results as those on whom dilations have been done This group, 
however, represents but a small proportion of the entire group, and so 
one cannot say with fairness that the results m all cases without post- 
operative dilation are as good as those m cases m which postoperative 
dilation IS done It has always seemed to me that one cannot carry out 
these operative procedures at the pharyngoesophageal junction either 
in one or m two stages without producing considerable scarring 
Whether one does this operation in one stage or in two stages tliere 
must still be present a certain degree of muscular weakness at this level 
and perhaps some incoordination of the cricopharyngeal muscles, and 
for this reason it has always seemed wise to me when possible to do 
dilations after operation 

Postoperative dilation is done in this clinic by the laryngologists, a 
Plummer bag is used, and wide dilatation is carried out 

In reviewing my experience with pharyngoesophageal diverticula, my 
conclusions are 1 At the very early stage, operation is not indicated 
2 It is desirable that these patients be submitted to operation once the 
sac is well formed, with a defimte sac and a definite neck It is unde- 
sirable to permit these sacs to reach such a size that they enter the 
mediastinum and produce obstructive symptoms 3 The two stage 
operation in my hands satisfactorily fulfils the requirements of adequate 
removal of the sac with safety 4 The most important technical features 
of the operation are that the neck of the sac be completely freed of 
all its muscular coverings until the pale submucosa is entirely visible 
about the neck of the sac , that the tip of the sac be so implanted upward 
that what was at first an acute angle at the inferior aspect of the neck 
of the sac becomes an obtuse angle so that food cannot be caught m it, 
and that the greatest care be exercised lest the sac or its neck be 
perforated during the dissection 

TR\CTION DIVERTICULA 

Figure 2 shows typical types of traction diverticula These diverticula 
originate from inflammatory processes m adjacent bronchial lymp 
nodes These inflammatory reactions become attached to the esophagus 
and, as cicatrization occurs, result in traction bands which pull t le 
esophagus out in the lateral direction 
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The symptoms associated with this type of diverticulum (traction) 
are rarely urgent They consist largely of partial degrees of obstruction 
or interference with the progress of food and are as a rule promptly 
relieved by dilation 

Owing to the fact that most traction diverticula are pulled in either 
a lateral or an upward direction, they tend to empty themselves Spon- 
taneous emptying of these sacs is further favored by the fact that 
muscular contraction occurs within the walls of the sac Since the walls 
of the sac are made up of all the coats of the esophagus, including the 
muscular coat, muscular expulsion of the contents of the sac is possible 

Operative treatment is not indicated for diverticula of this type and, if 
it were, would be extremely difficult to accomplish, since they are difficult 
to approach, located as they so often are at the bronchial hilus and not 
possessing necks It must be recalled in surgical intervention on the 
esophagus that leaks are particularly apt to occur in esophageal suture , 
that the structure of the esophagus is not the best from the point of view 
of holding sutures, and that the blood supply of the organ is b} no 
means profuse 


PULSION DIVERTICULA (SUPRADIAPHRAGMATIC) 

The final type of diverticulum to be discussed is that shown in figure 
3, the supradiaphragmatic pulsion diverticulum These diverticula for 
tunately are extremely rare In the fairly good-sized experience of this 
dime With esophageal diverticula, only 4 have occurred 

These diverticula have well developed sacs with narrow necks, an 
meir lateral walls tend to become adherent to the longitudinal esophagus, 
do the lateral walls of the pharyngoesophageal pulsion dn erticula 
The symptoms associated with the 4 cases of this type which have 
observed in this clinic were related to decomposition of food which 
^^mained within such a large sac over a long period and regurgitation o 
food dunng the night, interfering with sleep 

^ 3- previous discussion of this type of diverticula, I describe a 
^jnser^^ative method of treatment which proved satisfactory W ith the 
r^t and the lower lobe of the lung held out of the way, this type 
nf^ rnay be readily dissected so that it hangs free y y 

Owing to the fact, already stated, that the esophagus holds stitches 
Qni/ amputation of the sac at its neck could be accomp is e 

y at the risk of soihng of the pleural cavity, it was considered unw 
case to attempt excision of the sac, and there appeared no plan 
'ch It could be safely submitted to a tivo stage procedure 
"-\in cievised for this case and reported m 1933 consisted of 

tfe of the completely freed sac with silk stitches 

acal gutter beside the vertebral bodies so that it uas imp a 
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iipwaid as a cord parallel to the longitudinal esophagus The same 
principle was utilized in this piocedure which is employed m the first 
stage operation for pharyngoesophageal pulsion diverticulum With 
this plan the sac can be converted into a stnnghke structure fixed by 
black silk stitches not passed through all of the walls of the sac and 
caught to the parietal pleura With the sac so implanted high in the 
pleuia beside the esophagus, food, as can be demonstrated roentgeno- 
giaphically, passes readily by the neck of the sac and can be made to 
entei the sac only when the patient is placed in the Trendelenburg 
position This is a useful procedure to employ in these cases, by means 
of which the sac can be made to remain free from accumulated food 
without the hazard of pleural contamination by its removal 



CONSERV'^TIVE TREATMENT OF ACHALASIA 


ELMER B FREEMAN, MD 

BALTIMORE 


Success of conservative treatment of achalasia depends mostly on 
complete dilation of the cardia and not on drug therapy or dietetic 
management Those interested in the conservative treatment of achalasia 
are in complete agreement that some type of dilation of the cardia is 
needed to overcome the obstruction, but there is a ^ erA wide difference 
of opinion as to the procedure by which this is to be accomphijhed Each 
of the following methods has its advocates 

(1) Dilation with mercury-filled bougies, (2) dilation with bougies 
passed through the esophagoscope , (3) dilation wnth the combined 
mercury bougie and pneumatic dilator^ (4) dilation with a pneumatic 
or hydrostatic dilator, and (5) dilation under fluoroscopic control 
It IS not claimed by the advocates of any ot the procedures that the 
dilated esophagus will return to normal after thorough dilation o 
the cardia, even though the obstructive symptoms have been complete } 
relieved As a matter of fact, it has been definitely proved that the 
dilated esophagus never regains its normal tone But it is mamtame 
hy advocates of each of the procedures that the obstruction can e 
sufficiently overcome in most cases to permit the contents o tie 
esophagus to pass freely through the cardia 


of 

mercury, 
from 


dilation with aiercury-filled boucies 
The mercury-filled bougies as designed by Hurst consist of a nu 
rubber tubes of different sizes, each filled with the same amoun 
1 e , 1 lb 5 ounces (609 Gm ) The bougies range m siz 
proMmately % inch ( 1 2 cm ) in diameter to % mch (. ) 

7 more After the bougie has been introduced into the esop agu , 
J'c weight of the mercury carries it through the cardia 
^uugie IS passed under fluoroscopic control, when it is consi ere 

^ to determine its exact relation to the cardia In *i?<;trnction 

ectssaiy to introduce the bougie daily m order to control the 
«ep the cardia sufficiently dilated to permit the ree P 
^P’'ageal contents In some cases of severe involvement it is 
do ^^te bougie before every meal This met o natient 

S 1 ? ‘Tfter''the^treatmcnt has 

Ki. trained to introduce It himself Aft f .ntroduction 

m n the size of the bougie and the frequency o 

cases mav lie left to the discretion of the patient 
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DILATION WITH BOUGIES PASSED THROUGH THE ESOPHAGOSCOPE 

Dilation of the cardia with bougies passed through the esopha- 
goscope IS not, in my opinion, a satisfactory procedure First, it neces- 
sitates the introduction of the esophagoscope whenever it is deemed 
necessary to give a treatment This in itself is an ordeal With the 
esophagoscope in position, the introduction of a large bougie through 
the instrument so obstructs vision that one cannot keep the bougie under 
careful observation wlule it is being introduced The main objection 
is, however, that it is impossible to pass a bougie of sufficient size 
through an esophagoscope to dilate the cardia completely, which is 
necessar}'- if one is to overcome the obstruction and thus relieve the 
symptoms 


DILATION WITH THE COMBINED MERCURY BOUGIE AND 
PNEUMATIC DILATOR 

Bro\vne and McHardy have recently devised a mercury bougie with 
a pneumatic dilator which embraces many of the good qualities ot the 
Hurst, Plummer and Smithies instruments They have frankly stated 
‘ This dilator is not presented with the idea that it is applicable in all 
instances, any more than other instruments may meet all emergencies, 
but rather that it fills a need most frequently encountered ” 


DILATION WITH A PNEUMATIC OR HYDROSTATIC DILATOR 

Dilation of the cardia with either a pneumatic or a hydrostatic dilator 
IS, I believe, the most satisfactory method available at present to over- 
come the resistance at the lower end of the esophagus that is met with 
in cases of achalasia In my opinion it does not make any material 
difference which method is used, it is a matter of personal preference 
The dilating bag should be of suffiaent caliber to dilate the cardia com- 
pletely, and the dilator should be so designed that it may be easily 
introduced and will maintain its position in the cardia while the dilating 
bag is being distended In my opinion, the Plummer modification of 
the Russell dilator, with either air or water used to distend the dilating 
bag, fulfils these requirements more satisfactorily than does any other 
instrument so far designed Certain precautions, however, should be 
observed First, one should pass a no 60 French scale bougie over a 
previousl} swallowed, properly anchored thread as a guide If a no 60 
bougie cannot be passed without difficulty, the probability is that the 
obstructive symptoms are due not to dysfunction of the lover end o 
the esophagus but to an organic lesion of the esophagus or an organic 
lesion of the cardiac end of the stomach encroaching on the cardia It is 
therefore most important to determine whether a large bougie will pass 
easily through the cardia If one cannot pass a large bougie, no attemp 
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Should be made to introduce the Plummer dilator It is also very impor- 

ste D ITlfh" swallowed, properly anchored 

p size of the thread is likewise very important 

tjenence extending over many years has definitely proved that size D 
thread is the most satisfactory to use For the thread to become properly 

slowlTfh '^I swallow 6 yards (5 4 meters) of it very 

thrMd f ^ treatment is to be given This permits the 

thp c n through the stomach and become anchored m 

fp.tP protruding from the mouth should be 

thp ° clothing, which makes it available when desired After 
thrnii!^ ^ given, the thread is cut and permitted to pass on 
water ^ ^^^^ointestinal tract Nothing is given by mouth except 
until patient starts to swallow the thread 

one ^ given If these simple precautions are followed, 

not at all difficulty in introducing the instrument It is 

kol as\ ^c) introduce the instrument under fluoroscopic con- 

in pro^ ^ ^ ^ sense of touch one can easily tell when the instrument is 
upward^^ Position If it tends to slip downward into the stomach or 
It mdicat^^^ esophagus when the dilating bag is being distended, 
correct^ ^ ^ ^^tdty position of the instrument, which can be readily 
cated Th^ releasing the pressure and changing the position as indi- 
^nnot b A dilations necessary to relieve the obstruction 

alin until after treatment has been begun In many 

others ^^^Plete relief is obtained after one satisfactory dilation , 
treatment l^^catments may be required, and in an occasional one a 
tu Keen needed every month or two, or even at longer intervals, 

pressure ^ comparatively free of symptoms The amount of 

lent of l^c> obtain rehef of symptoms varies from the equiva- 

The end (3 to 5 4 meters) of water pressure or even more 

to 80 Plummer treatment are satisfactory in at least 

^ent tbp cases In most of the remaining 20 to 25 per 

Patient is materiaUy benefited 


dilation under fluoroscopic control 
^uder flu ^'^c^ptions, there is no advantage in dilating the cardia 
mLrcury-fii?^^°^^^ control However, if one IS dilating the cardia with 
•'on of tb ^ 1 ^ It may be helpful in determining the exact rela- 

P^«'iousl!^ dilator is introduced over a 

‘fol, as b\ thread, there IS no necessity for fluoroscopic con- 

^•htor IS ^ ^ense of touch alone one is able to determine when the 

Dilation under fluoroscopic control neces- 
^ room, which, in my opinion, is a distinct dis- 
' ffiat one is not able to observe the patient while the dilation 
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ts being done I have always relied very much on my observation of the 
patient while the dilating bag is being distended By observation at that 
time one is able, in a measure at least, to determine how much pain the 
dilation IS causing The degree of pain produced is helpful in deter- 
mining the amount of pressure to be used If the dilation causes much 
pain, one should be very cautious and increase the pressure slowly at 
subsequent treatments 

LOCAL TREATMENT 

No local treatment of the associated chronic esophagitis, which is 
present in practically all cases of achalasia of the cardia to a greater or 
less degree, is required Just as soon as the cardia has been sufficiently 
dilated to permit the esophageal contents to pass readily into the stom- 
ach, the esophagitis promptly disappears Of course, early in the treat- 
ment one may be justified m resorting to lavage of the esophagus if 
there is marked dilatation with retention, but even this is not necessar) 
after one or two complete dilatations of the cardia 

DRUG THERAPY 

The administration of drugs is of questionable value While anti- 
spasmodic sedative drugs seem to help to a certain degree, I think that 
their beneficial results are due to their general sedative effect and not 
to any local effect on the esophagus If marked malnutrition or anemia 
IS present, appropriate drug treatment is, of course, indicated 

DIET 

Diet plays a relatively unimportant part in the treatment of achalasia 
of the cardia It is a well established fact that early in the disease an 
attack of dysphagia is just as likely to occur while the patient is drinking 
liquids as while he is partaking of solid food In the case of advanced 
involvement with marked dilatation of the esophagus and retention of 
food, it IS well to restrict the diet to liquid foods mostly until a satis 
factor)^ dilation has been accomplished Just as soon as there is complete 
dilatation of the cardia, which frequently follows the first treatment, 
esophageal contents will pass through the cardia freely, and no further 
restriction in diet is necessary After the first satisfactory treatment, a 
dietary restrictions should be discontinued and the patient directed to 
follow a regular diet of his own selection It is surprising to see how 
frequently he returns in a few days with the statement that he has a 
ver}^ little difficult\ , the obstructive symptoms having almost entire y 
disappeared 

SLMMARY 

For many years the Plummer modification of the Russell 
dilator has been used, with satistactory' results Air mstca o 
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may be used to distend the dilating bag, as was advised b\ Plummer 
I believe that the success of the treatment depends entirely on complete 
dilation of the cardia I do not believe that this can be accomplished by 
the passage of mercury-filled bougies or by the passage of bougies 
through an esophagoscope, owing to the fact that neither ot these pro- 
cedures completely dilates the lower end of the esophagus I also believe 
that complete dilation can be accomplished only by an instrument with 
a dilating bag sufficiently large, yet not too large, to dilate the cardia 
completely Of all the different types of instruments that ha\e been 
devised, I believe the one best adapted for the purpose is the Plummer 
cardiospasm dilator I further belie\e that all patients ^^lth achalasia 
of the cardia should be given the benefit of thorough dilation before being 
considered from an operative standpoint If patients are gnen the 
benefit of thorough dilation, feu will require surgical inten^ention 



SURGICAL CONSIDERATIONS OF ACHALASIA 

REVIEW OF THE LITERATURE AND REPORT OF THREE CASES 

ALTON OCHSNER, MD 

AND 

MICHAEL DeBAKEY, MD 

NEW ORLEANS 

A variety of terms have been applied to the clinical syndrome char- 
acterized by dilatation and hypertrophy of the esophagus associated with 
nonorgamc obstruction of the cardia These include cardiospasm, 
achalasia, phrenospasm, idiopathic dilatation of the esophagus, esopha- 
gectasia, hiatal esophagismus, megaesophagus, simple ectasia of the 
esophagus, preventriculosis, dilatio ingluviformis oesophagi, dilatio fusi- 
formis and dohchoesophagus The multifarious designations clearly 
reveal tire controversial causation and the bewildering pathogenesis of 
the condition This is further reflected by the various types of thera- 
peutic procedures which have been employed It is considered inoppor- 
tune to attempt here a detailed discussion of the different theones and 
concepts of the malady, as these have been adequately reviewed m 
previous pubhcations ^ However, it may be desirable to present briefly 
some of the factors which have been considered of pathogenic signifi- 
cance, in order to permit a better comprehension of the varied surgical 
therapeutic procedures that have been employed and advocated 

Purton ( 1821 )^ is usually credited with the first description of this 
condition, although attention has recently been directed to a report of 

From the Department of Surgery, School of Medicme, Tulane University 

1 (a) Thieding, F Ueber Cardiospasmus, Atonie und “idiopathische 

Dilatation der Speiserohre, Beitr z klin Chir 121 237, 1921 (ii) Bull, P N 
So-Called Idiopathic DilataUon of the Esophagus, Acta chir Scandinav 58 581, 
1925, (c) So-Called Idiopathic Dilatation of the Esophagus, Ann Surg 81 59 
and 470, 1925 (d) von Hacker, V , and Lothassen, G Chirurgie der Speiserohre, 
in von Bruns, P Neue deutsche Chirurgie, Stuttgart, Ferdinand Enke, 1926, 
vol 34 (e) Cardenal, L La dilatacion del esofago sin estenosis organica (el 
llamado cardioespasmo), Cong Soc mternat de chir. Rap 1 701, 1932 (/) 

Freeman, E B Chrome Cardiospasm Report of Fatal Case with Pathological 
Findings, South M J 26 71, 1933 (g) Sturtevant, M Cardiospasm with a 

Review of the Literature, Arch Int Med 51 714 (May) 1933 (/i) Bird, C E 

Recent Ad\ances in Surgery of the Esophagus, Surgery 6 617, 1939 (i) Flynn, 

R Achalasia of the Oesophagus, Australian & New Zealand J Surg 8 244, 1939 
(;) Sodeman, W A Cardiospasm or Achalasia of the Esophagus, Am J ^f 
Sc 199 132, 1940 

2 Purton, T An Extraordmar> Case of Dilatation of the Esophagus, 
Forming a Sac, Extending from Two Inches Below the Phar>n.\ to the Cardiac 
Orifice oi the Stomach, London M &. Phjsiol J 46 540, 1821 
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atypicd case by Willis^ approMiiiately a century and a halt earher 
Ihis astute observer not only foreshadowed one of the most populai 
onus of present day therapy but divined its possible causation in tlie 
ement at the mouth of the stomach being ahvays closed, whether 
y or or palsie, nothing could be admitted into the ventricle unless 
It were violently opened ^ This concept is, m essence, similar to that of 
rpflp ° concluded that the cardia probably fails to open 

deglutition, or to that of Hurst, who sub<^e- 
n y come the term ''achalasia” and popularized the idea ot ‘ absence 
\ation of the cardiac sphincter ” ^ Rolleston ^ had expressed the 
p nion Rake and others ® demonstrated degenerative changes 
esooh Auerbach’s plexus at the lower end ot the 

Hur t^^^ cases of achalasia On the basis of these alterations, 
orga the belief that the condition is the result of some 

fact ^ involving neuromuscular control of the sphincter In 
^lablish^f^^^^ opinion that achalasia of the cardia is the “only well 
s}'stem”^ example of localized disease of the autonomic nervous 
- — particular interest in this connection is the possibiht} of 

4 ^rih ^ Hurst o 

Rec 34 ^ 7 ?/ ^0 ^ Dysphagia with Dilatation of the Esophagus, 

2 1808 

in discussion on Weber Spasmodic Stricture of Oesoph- 
d the Card ^ Case of Achalasia 

^oaety of ^Cardiospasm), ibid 8 22, 1914, (c) Reports of Ro>aI 

ct leur M J 2 1062, 1914, (d) Les spincters du canal ahmen- 

Tapp digestif 15 1, 1925, (e) 
Rake, G w Cardia, Lancet 1 618, 1927 (/) Hurst, A F, and 

^ 1930 of the Cardia (So-Called Cardiospasm), Quart J Ikied 

6 Rolleston TT o 

London 47 7 y \or\^ ^ Simple Dilatation of the Oesophagus, Tr Path Soc 
y 1096 

(Achalasia of th^r ^ ^^e of Annular Muscular Hypertrophy of the Oesophagus 
1926, On P Without Oesophageal Dilatation), Guy’s Hosp Rep 6 
^ (^) Cam ^ ^Ihology of Achalasia of the Cardia, ibid 7 141, 1927 
^ ^^ 8 , 1927 Jam Oesophagectasia in a Child, Arch Dis Childhood 

^^f^eEsoni; ^ P, and McGregor, G W A Study of the Lower 

^^^^ospasni & Laryng 37 12, 1928 (c) Kara, H J 

^‘^hsia of th ^ Med 30 390, 1929 (d) Beattie, W J H M 

t ^ fdionat^ St Barth Hosp Rep 64 39, 1931 (^) Scrimger, F 

E, Neuro^ i^atation of the Esophagus, Ann Surg 94 801, 1931 (/) 

nied da do megaesofago e megacolo Estudo de 5 casos, Ann 

^^esesofa/jo L)s nervos pneumogastneos 

p ^ "studo anatomopatologica de 8 casos ibid 10 373, 1934 (h) 

T ^ Referenr Features of the Cardiac Orifice of the Stomach with 

^ hr ^ ^rdiospasm, Arch Int Med 59 474 (March) 1937 (0 

fp A on Gray and Skinner 

1934 Some Disorders of the Esophagus, J A. M A 102 582 
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a chronic vitamin B. deficiency as the cause of the degeneration of 
Auerbach s plexus 

In other attempts to explain the pathogenesis on the basis of a 
neivous mechanism the vagus nerve has been considered Numerous 
investigators have suggested a reflex irritability of the vagus nerve, 
which may be primary or secondary, due to a floating kidney, poorly 
masticated food or trauma and infection AVhereas some observers 
have described degenerative lesions m the vagus nerve, others 
have found no pathologic changes As early as 1839 it was shown 

10 Etzel, E Megaesofago-megacolon sus asociaaones morbidas, Rev de 
cir de Buenos Aires 14 631, 1935, A avitaminose como agente etiologico do 
megaesofago e do megacolo, Ann Fac de med da Univ de Sao Paulo 11 59, 1935, 
Megaesophagus and Its Neuropathology A Clinical and Anatomo-Pathological 
Research, Guvs Hosp Rep 87 158, 1937, footnotes 8/ and g 

11 von Openchowsky, T Ueber die gesammten Innervation des Magens, 
Deutsche med Wchnschr 15 717, 1889, 23 48, 1897 Tyson, J , Alartm, E, and 
Evans, J S , Jr Diffuse Dilatation of the Esophagus Due to Cardiospasm, New 
York M J 80 731, 1904 Smukler, M E Cardiospasm with Dilatation of the 
Esophagus, ibid 99 772, 1904 Carlson, A J , Boyd, T E, and Pearcy, J F 
Studies on the Visceral Sensory Nervous System XIV The Reflex Control of 
the Cardia and Lower Esophagus m Mammals, Arch Int Med 30 409 (Oct ) 
1922 

12 Held, I W , and Gross, M H Cardiospasm, J A M A 66 233 (Jan 22) 
1916 

13 Lockwood, C B Case of (So-Called) Idiopathic Dilatation of the 
Oesophagus, Brit M J 1 1367, 1903 

14 Guisez, J De Tetiologie et pathogeme des spasmes primitifs et graves 
de 1 oesophage, Bull Acad de med , Pans 83 147, 1920 , Pathogeme et traitement 
des grandes dilatations de I’oesophage, Presse med 29 661, 1921 

15 von Bergmann Em Fall von Dilatatio oesophagi idiopathica, Berl khn 
Vchnschr 45 330, 1908 Meyer, H Entstehung und Behandlung der Speise- 
rohrenerweiterungen und des Cardiospasmus, Mitt a d Grenzgeb d Med u 
Chir 34 484, 1922 Stephan, cited by Fischer, W, in Henke, F, and Lubarsch, 0 
Handbuch der speziellen pathologischen Anatomic und Histologic, Berlin, Julius 
Springer, 1926, vol 4, p 101 

16 (a) Kraus, F Die Erkrankungen der Speiserohre, in Nothnagel, H Speciellc 

Pathologic und Therapie, Vienna, A Holder, 1902, vol 16, pt 1, sect 2, no 1, 
p 129 (6) Heyrovsky, H Casuistik und Therapie der idiopathischen Dilatation 

der Speiserohre, Oesophago-gastroanastomose, Arch f klin Chir 100 703, 1912- 
1913 (c) Polhtzer, H Idiopathischen spindelformigen Erweiterung des Oeso- 
phagus, crunchen med Wchnschr 60 108, 1913 (^d) Loeper, AI, and Forestier, 

J Les legions nerveuses du pneumogastnque et le cardiospasme recurrent dans Ic 
cancer de Testomac, Arch d mal d I’app digestif 11 307, 1921 

17 (a) Rosenheim, T Beitrage zur Oesophagoskopie, Deutsche nicd 

Wchnschr 24 53 and 75, 1899 {b) Schmidt, M B Ueber idiopathischc 
Oesophaguserweiterung, ibid 31 1522, 1905 {c) Ewald, C A. Idiopathische 
spindelformige Erweiterung der Speiserohre, ibid 33 1036, 1907 {d) Stajek, 

H Zur Pathologic der Erweiterungen der Speiserohre mit besonderer Beruck- 
sichtigung des Rontgen\erfahrens, Verhandl d deutsch Kong f inn Med 20 
122, 1912 (c) Harbitz F Idiopathic Dilatation oi the Esophagus Nor^k nn4 

f lnegc\idensk 79 841, 1918 
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experimentally in rabbits that vagal section in the neck resulted m 
stasis of tood in the esophagus Subsequent investigators expressed 
the opinion that this was due to an increased tonus of the cardiac 
sphincter Some investigators have observed that in cats as well as 
in dogs bilateral ^ agal section or destruction produced obstruction and 
dilatation of the esophagus, whereas others”^ ha\e not In addition 
to the lack of uniformity of opinion concerning the vagal control of the 
esophagus, there are conflicting views concerning the influence of the 
sympathetic nervous system on the esophagus Whereas some investi- 
gators have obtained definite response to stimulation or section of 
the sympathetic nerve supply, others"^ have not Knight, \\ho 
reviewed and investigated this subject, has shown that apparenth some 

18 Reid, J An Experimental In\estigation into the Functiotib of the Eighth 
Pair of Nerves, or the Glosso-Pharjmgeal, Pneumogastric, and Spinal \ccessorv 
Edinburgh M S J 51 269, 1839 

19 Bernard Paralysis de I'cesophage par la section des deux nerls pneumo- 
gastriques, Compt rend Soc de biol 1 14, 1850 Schiff J M Lemons sur la 
physiologic de la digestion, Florence, Hermann Loescher, 1867 p 350 Kronecker 

and Meltzer, S Der Schluckmechanismus Seme Erregung und seme 
Hemmung, Arch f Anat u Physiol , 1883, supp , p 328 Klee P Der Einfluss 
der Vagusreizung auf den Abbau der Verdauungsbewegungen Rontgcnversuche an 
Ruckenmarkskatze, Arch f d ges Physiol 145 557,1912 Ozorio de Almeida, 

1 Sur la dilatation chronique de Toesophage produite experimentalement ^ 

*• par section partielle des pneumogastriciues, Compt rend Soc de biol 
W, 1929 


20 (a) Cannon, W B Esophageal Peristalsis After Bilateral Vagotomy Am 
J Phjsiol 19 436, 1907 (6) Carlson, A J , Boyd, T E , and P^arcy J J 

u les on Visceral Sensory Nervous Innervation of Cardia and Lower n o 
•^Phagus m Mammals, ibid. 61 14, 1922 (r) Kelly, U B Nerrous Affections 

Esophagus, J Larjng & Otol 42 221, 1927 id) de Vasconcellos E 
«sophagogramme du chien normal et du chien porteur d’un megacwophage 
^"'Cental, Compt rend Soc de biol 116 1128, 1934 (e) Grondahl, J V 

Haney, H F Attempt to Produce Experimentally Cardiospasm in Dogs 
Sm Exper Biol & Med 44 126, 1940 

- Krehl, L Ueber die Folgen der Vagusdurchschneidung, Arch f -^nat u 
Card!” ■ > PP 278-290 Smnhuber Beitrage zur Lehre vom muscu are 

A o Ztschr f klin Med. 50 102, 1903 Zeller, W , and Burget, 

of the Cardia, Am J Digest Dis & Nutrition 4 113 1937 
Su’t' ^Hson, A J , and Luckhardt, A B Visceral Sensory Lenous 
^ Vagus Control of Esophagus, Am J Physiol 52 299, 1921 (b) Knre 

Scs p^''’'^''^«’‘elles Studium fiber die Innervation des Oesophagus Arch a 

1929 (O G C Tfc R.l.n™ of >'■' 

Earlson I^unctional Activity of the Esophagus, Brit J Surg 
and others zob 

I^^ge-May, \V The Innervation of the ated 

M.; ® “'M Phy„„l 31 260, 1904 (S) Jor,.., E J Mol*» «' 

^ Cardiospasmus Deutsche Ztschr f Chir 217 334 1929 
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of this confusion is due to the type of experimental animal employed, 
as the type and amount of muscle vary Cats were employed in his 
experiments, because the esophagus of the cat corresponds closely to 
that of the human being He demonstrated in the mterdiaphragmatic 
and mtra-abdominal portions of the esophagus an intrinsic sphincter 
mechanism with relaxation on stimulation of the vagus nerves and con- 
traction on stimulation of the sympathetic nervous system Bilateral 
vagotomy resulted in the clinical manifestations of achalasia, which 
could be prevented by sympathectomy These findings after vagotomy 
were confirmed in monkeys by Ferguson 

Another concept completely antithetic to the theory of achalasia is 
reflected by the term cardiospasm, which was popularized by von 
Mikulicz,^® m 1882, although Huss,^® forty years previously, had pro- 
pounded a similar theory On the basis of this concept the dilatation 
of the esophagus is secondary to a true spasm of the cardia Accord- 
ingly it must be assumed that a cardiac sphincter exists Whereas a 
number of observers have maintained that such a sphincter is present, 
others have even more convincingly demonstrated its absence It 
IS indeed difficult to understand how such conflicting opinions can be 
expressed regarding an anatomic structure But, as was pointed out by 
Sodeman,’-^ equally strange is the fact that only patients with achalasia 
should seek out one investigator and only those with cardiospasm another 

24 Ferguson, J H Effects of Vagotomy on the Gastric Function of Alonkeys, 
Surg , Gynec & Obst 62 689, 1916 

25 von Mikulicz, J Ueber Gastroskopie und Oesophagoskopie, Mitth d Ver 
d Aerzte in Nied Oesterreich 8 41, 1882 

26 Huss, M Dilatatio oesophagi ingluviformis, Hygiea 4 296, 1842 

27 Meltzer, S G Em Fall von Dysphagie, Berl klin Wchnschr 25 140, 
1888 

28 Cannon, W B The Mechanical Factors of Digestion, London, Edward 
Arnold & Company, 1911 Schreiber, cited by Sturtevant^s Todd, T W ^ 
Clinical Anatomy of the Gastro-Intestmal Tract, London, Longmans, Green 
Company, 1915 Bennett, T I The Stomach and Upper Alimentary Canal in 
Health and Disease, London, William Heinemann, 1925 Feldman, M , 
Morrison, S An Expenmental Study of the Lower End of the Esophagus 
Effect of the Diaphragm upon the Esophagus and Cardio-Esophageal On ce i 
the Normal and Bilaterally Phremcectomized Animal, Physiological Study, ni 
J Digest Dis &. Nutrition 1 471, 1934 Thieding^'^ Hurst 

28a Jackson, C Bronchoscopy and Esophagoscopy, ed 2, Philadelphia, 1\ B 
Saunders Company, 1927 Plenk, H Der Magen, in von Mollendor , 
Handbuch der mikroskopischen Anatomie des Menschen, Berlin, Julius ’ 

1927, vol 5, pt 1 Kishi, S Ueber die Oesophagusmuskulatur, Arch jap _ 

12 851, 1935 Fleiner, W Neue Beitrage zur Pathologic der Spe^roj . 
Munchen med Wchnschr 47 529, 1900 Zaaijer, J H Cardiospasm m the „ 

■knn Surg 77 615,1923 Mosher and McGregor sb Lendrum 
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.onM^er^S I'T Postulated by Sauerbruch and 

Zhral by others.- , nor™, nates the 

»an n^nrd t fu"’"" '= “'’"“''"'y. o failure of relaaatton 
the temn ° diaphragmatic crura Jackson suggested 

other extraesrar^^^ n” supported this concept Still 

significance IM 

exnrpcopri +1 ’ ” 1^8, on the basis of a single obsenation, 

diaVami m compression between a dilated aorta and the 

theones^nh f Mosher,- who apparently conceives 

obstruction IS occasions suggested that the 

the henahr ^™i on the esophagus as it passes through 

the redunda °u kinking and torsion of 

Numerniic P^^^^sophageal or intramural fibrosis 

ectasia”- » propounded, such as “simple 

habitus congenital tendency,” trauma,^® psychasthenia and 

Speiserohre docker, R Zur Frage des Cardia\erschlusses der 

30 (Tb 1 Wchnschr 32 1263, 1906 

York State Tm ^^'"'^’^spasni What Is It? What It Seems to Be, New 

^Phagus With \ A D'scussion on Dilatation of 
12 33,1919 (c)°r Stenosis, Proc Roy Soc Med (Sect Laryng) 

spasm," Larv^ ^ Jackson, C The Diaphragmatic Pinchcock in So-Called “Cardio- 
la fermetiim°^d°^r Caballero, R V £tude experimentale 

tiiol 88 1060 192y ^t^®*riite inferieure de I’oesophage, Compt rend Soc de 
Esophagus and i, Joannides, M Influence of the Diaphragm on the 
Considera^r ^‘cn^aoh. Arch Int Med 44 856 (Dec ) 1929 (/) Peroni, 

dj otol 49 1^37 ^ ^ P^togenetiche su alcune discinesie dell’esofago, Arch 

32 Mwher,'^'*H^p“‘^ ^"'1 “ 

1922 (i)) p Liver Tunnel and Cardiospasm, Laryngoscope 32 

^^oftheEs^ ^^f^iospasm, Pennsylvania M J 26 240, 1923, (c) The Lower 
(^) Fibrosis of J Laryng & Otol 45 161, 1930, 

Jnternat Asse h t Portion of the Esophagus Cardiospasm, Proc 

^^'olvement f Post-Grad M A. North America 6 95, 1931 , 

Otolarynp lo Esophagus in Acute and in Chrome Infection, Arch 

33 Ro,,:. (Nov ) 1933 
^ ZenkL p"’y“ ^°=her3.a u 

"^herapie^ Lem p Ziemssen, H Handbuch der speciellen Pathologic und 

^lanual of Dkm* ^ ^ Vogel, 1876, vol 7, pt 1 (supp ) Mackenzie, ^1 A 

P 117 vo^^T Throat and Nose, London, J & A Churchill, 1884, 

^’rchows Arch ^ L)ie spindelformige Erweiterung der Speiserdhre, 

't ^‘^‘^Pathisch/ ^ Sievers, R Zur Kcnntnis 

|‘^*ncr, \\r ^ ^^P^^ffus-Erweiterung, Ztschr f klin Med 49 45, 1903 
^chrischj. 47 529 Pathologic der Speiserohre, Munchen med 
\ ^ ^Pson jp pj 

J Ljgest f) Lxtemal Trauma as a Cause of Lesions of the EsophaoU*;, 

'S S. Nutrition 3 457, 1936 Thieding i» 

(footnotes continued on next Page) 
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It becomes obvious from this brief review of the pathogenesis that 
there are considerable diversity of opinion and conflict of views regard- 
ing the development of this condition There is little wonder, therefore, 
that there should be such great variation in the therapeutic measures 
advocated and employed In general these procedures may be classified 
into the conservative and the radical In this presentation no attempt 
will be made to discuss the former, although it should be realized that 
they should always be attempted first It is generally agreed that the 
radical procedures should be instituted only after the conservative mea- 
sures have failed 

The various types of radical procedures which have been advocated 
and employed may be classified as follows 

I Operations directed at the dilated esophagus 
(a) Excision of wall (Jaffe, Reismger) 

(&) Esophagoplication (Freeman, Reismger, Meyer) 

(c) Esophagostomia thoracica (Zaaijer) 

II Operations directed at the cardia 
(a) Dilatation 

1 Retrograde 

2 Transgastric (von Mikulicz) 

{b) Plastic surgical handling 

1 Cardiomyotomy (Heller, Ropke) 

2 Cardioplasty (Marwedel, Wendel) 

(c) Excision 

1 Cardiectoiny (Rumpel, Pribram) 

(d) Deviation 

1 Esophagogastrostomy (Heyrovsky) 

III Operations directed at the diaphragm 

(a) Phrenotomy 

(b) Transposition 

IV Operations directed at the nerve supply 

(a) Vagectomy (Meyer, and Sauerbruch) 

(b) Sympathectomy 

Because of the marked dilatation of the esophagus a procedure sug 
gesting itselt as corrective would be one which would decrease the sizc 

36 Schindler, R esen und Behandlung der Cardiospasmus, Munchcn med 
Wchnbchr 73 1612, 1926 Weiss, E Personalitj Studv in Cardiospasm The 
Meaning ot the Disorder from the Standpoint of Behavior, A.m J Digest 

Xiitntion 3 1, 1936 

37 Strauss, H Zur Diagnose und Therapie der cardiospabtHchcn Spent- 
rohrenerweiterung Berl klin Wchnschr 41 1261 1904 
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of this dilatation In 1897, Jaffe proposed such a procedure, m which 
the dilated esophagus would be diminished iii size by e\cision ot long 
strips ot Its wall and closure of the defects Ten years later, Reisinger 
reported a case in which this was done He exposed the esophagus 

through a postenor mediastinotoniy opening and attempted to pcrfonn 
esophagophcation, but because the patient w^ent into shock it was neces- 
sary to discontinue the operation However, at a subsequent stage 
several weeks later, he w^as able to excise several strips 2 to 3 cm m 
width and 15 cm in length from the esophageal wall, alter whicli be 
sutured the defects Because of subsequent disi uption of the esophageal 
wounds several operations w^ere required before complete healing 
occurred However, the patient finally recovered, and the condition 
was impro\ed 

With a similar rationale, i e , artificial reduction in the circumference 
of the esophagus, Meyer, m 1911, performed esophagophcation Using 
a transpleural approach through a Schede incision, he exposed the 
esophagus and sutured together, with interrupted silk sutures, two 
longitudinal folds of the esophageal wall A A^agolysis was also done 
The patient subsequently had an esophageal fistula and died of sup- 
purative mediastinitis Because of this, Meyer advised the use of catgut 
instead of silk as suture material for the esophagus In subsequent 
reports Meyer reported 2 cases of similar treatment, with poor resu ts 
and came to the conclusion that a plastic procedure similar to the 
Heinicke-Mikuhcz pyloroplasty should be done Whereas these proee 
dures attempted correction of the abnormality by an artificial reduction 

the circumference of the esophagus, the rationale of the Freeman 
procedure was based on diminution in length Through a cenic 
incision, Freeman pulled upward on the dilated esophagus until tie 
portion below was ‘Tendered quite taut^^ and then mva^nated the 
^Pper segment into the lower without opening the lumen is in 
susception was mamtamed with a few catgut sutures e pa le 


roved for twenty years 

^ Jaffe, K Ueber idiopathische Oesophagusenveiterung, Munchen med 

"chmehr 44 386 1897 rx i - 

39 Re, singer Ueber die operative Behandlung der Erueiterung des esopia- 
d deutsch Gesellsch f Chir 36 86, 1907 
oiom Impermeable Cardiospasm Successful!) rea ^ ^ . p^jni 

s"T °«°Phagopl, cation, Ann Surg 53 293, 1911 - Tig 1437 

by Thoracotomy and Esophagophcation, J 
keniT i Thoracotomy for Impermeable Cardiospasm ( ^ 

‘'«^ rkson Drainage After Intrathoracic Operations, Ann Surg SJ -<5 9' 

Sure OP-ahve Treatment of Intractable Cardio.pasm Xm 

3, 1912 (t) i„ discussion on Lambert cociated ” 

Dll L An Operation for Relief of Cardiospasm A, ocatea 

and Tortuositi of the Esophagus Tr S \ « 19 >9-3 


With 
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The procedure described by Zaaijer in 1912 consisted of gastros 
tomy at the first stage, esophagostoniy being performed subsequently, 
after several operations in which the esophagus was brought near the 
chest by preliminary thoracoplasty similar in technic to the operation 
he employed for cardiac carcinoma After this, ever)i;hing the patient 
swallowed was discharged through the fistula, collected in a bottle and 
subsequently emptied through the gastrostomy stoma into the stomach 

It IS obvious that these procedures attacking the dilated esophagus 
are as irrational as repair of a hernia by diminishing the size of the sac 
At present they may be considered of histoncal interest only On the 
other hand, operative procedures directed at the cardia seem to have a 
more rational basis, because the obstruction to the passage of food mto 
the stomach appears at this site Probably because of Mikulicz’ 
influence, the prevalent wew at the turn of this century vas that a true 
spasm of the cardiac sphincter exists m this condition Von Mikulicz 
drew an analogy between this and spasm of the anal sphincter assoaated 
with a fissure On this basis dilation appeared a rational correctue 
procedure, and in 1899 Lotheissen suggested the use of “Sondierung 
olme Ende,” or bougienage without end This consisted of passing a 
string orally through the esophagus and out of the stomach through a 
gastrostomy opemng Retrograde dilation could then be performed b\ 
guiding bougies along the string (fig 1) Von Hacker reported 
good results from the use of this method 

In 1903, von Mikulicz ■‘® proposed and performed transgastric 
dilation of the cardia Through a laparotomy incision he exposed the 
stomach and introduced an instrument resembling a glove stretcher 
through an incision into the anterior gastric wall and into the cardia 
“The dilatation ^vas gradually affected to such an extent that the (rubber 
covered) blades of the instrument were about 7 cm apart ” After this 
he vas able to introduce his second and third fingers through the cardia 
Aery readily (fig 2) After this, over a three month penod of obsen'a- 
tion, the “patient was able to swallow ever}'^ kind of food without any 
difficulty ” According to Lusena this procedure v as performed bv 
Loreta as early as 1884 

43 Zaaijer, J H Oesophagotomia thoracahs, Beitr z klin Chir 77 497, 
1912 

44 Lotheissen, cited b\ a on Hacker and Lotheissen 

45 A on Hacker, in discussion on Reisinger®® 

46 A on Mik-uhcz, J Small Contributions to the Surgerj ol the Intestinal I ract 
Boston M S J 148 608, 1903 , Zur Pathologic und Therapie des Cardiospasinus, 
Deutsche med \\ chnschr 30 50, 1904, Zur Pathologic und Therapie des Car lo 
spasmus, ibid 30 17, 1904 

47 Lusena, G La chirurgia dell’esofago, Cong Soc internat de chir, Rap 
o41, 1932 

48 Loreta, cited bj Lusena 



OCHSNER-DcBAKEy^ACHAL 4SIA 


1155 


In order to obviate opening of the btoniach and possible peritoneal 
contamination, Rotgans and subsequently others performed dilation 
of the cardia with the fingers by forcefully invaginating the anterior 
wall of the stomach up through the cardia Judd, Vinson and Gieenlee 
suggested the use of a previously swallowed thread as a guide to the 
cardia when the stomach was opened Anschutz dilated the cardia 
with a balloon but opened the abdomen in order to control more accu- 
rately the location of the balloon Von Mikulicz proposed his procedure 
on the basis that it would permit more accurate control of the dilation 



ach!i'^ * illustration of retrograde dilation in the treatment of 
l^oogie is guided along a string introduced orally through the 
Sus and out of the stomach through a gastrostomy 


Z ated by Zaaijer « 

(a) Wakeley. C P n A 


Than r' "^^ley, C P G A Case of Hiatal Oesophagismus in a Han Aged 
<le$ M J 1 589, 1916 (b) Schafer Operativer Behandlung 

Opera, Zentralbl f Chir 47 230, 1920 (c) Kummell, H Zur 

flV lot ''in? ^rdiospasmus und des CEsophaguscarcinoms, Arch f khn 
Carcinom J ’ 2“'' Operation des Kardiospasmus und des Oesophaguj 

G r Verhandl d deutsch Gesellsch f Chir 45 327, 1921 W Gou d 
Forty-One Years, New England J IMed 209 96-, 1933 

the ^ S , Vinson, P, and Greenlee, D P Retrograde Dilatation oi 

i2 An Gardiospasm, Surg , Gynec & Obst 48 494, 19 

' Oiir discussion on Kunimell,=»d Verhandl d deutsch Ge>ellscb 

147, 1921 
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and therefoie \\ould be less hazardous than blind dilation from above 
However, in 1903 he stated that an instrument might be devised to 
accomplish this result which could be introduced orally Apparently 
he was not familiar with Russell’s publication It is obvious that 
von Mikulicz’ procedure accomplishes little more than dilation by the 
natural oral route and is no less dangerous Cases have been reported 
in which the procedure was followed by marked hemorrhage,®^ fatal 
lupture, mediastmitis ®® and periesophageal abscess®® Of the SO cases 



Fig 2 — Drawing illustrating transgastric dilation of the cardia in the treatment 
ot achalasia 

53 Russell, J C Diagnosis and Treatment ot Spasmodic Stricture of the 
Oesophagus, Brit J 1 1450, 1893 

54 Galpern, Y Kardiospasnius, Dilatation nach Alikulicz, profuse Bhit {, 
Zentralbl i Chir 57 87, 1930 

55 Schmihnskj, m discussion on Schafer 

56 Gottstein, G Die operatne Behandlung Cardiospasnnis, Zcntralhl t 
31 1362, 1904 
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cbllected fro m the literature/- the patients in 7 (8 9 per cent) died and 

^ clururgische Behandlung des Kardiospasmu. 

Wetere Fortschrme in der Therap:e 
df chronischen Card.ospasmus, Arch f klin Cli.r 87 497, 1908 (c) I edderhose 

Wchnsclir 30 1669, 1904, (d) m discussion on 
1905 (f) Wl Kardiospasmus, Munchen med Wchnschr 52 1416 

Ibid. 52 ixi ime . ‘ ^'^'■'J'ospasnius mit retrograder Dilatation beliandelt 
Ooemi.v, T r H Contribution to the Question of the 

UdsWr f , Cardiospasm, Finska lak -sallsk handl 58 505, 1906 \ord 

Cardi ^7, 1906 (//) Brunning, F Em Beitrag zur J chre \om 

wth Re^nrT^f’ ^ Erdmann Cardio.pasm 

CardiLasm^ Plummer, H S 

Eiselsberc a""' ^^Port of Cases, J Afinnesota A. 26 419, 1906 (/ ) \()n 

June 21 my w Case Before the Medical Societj oi VKiind 

Deutsche mJi Wchnschr 20 811, 1907 (/) Graff Cardiospasmus 

00 Kram D ^ ^^^hr 33 447, 1907, (///) m discussion on Reisinger -J*’ 

^^'oroth Cardiospasm, Ugesk f Jaeger 52 1401. 1908 (r7) 

Report of aC^ T Lotheissen u (p) Iden, J H Cardiospasm 

M38 (M ^^on\ Operation and Subsequent Dilatation J ^ M A 

spasm, Brit M T 9 0^^^ Bowlcer, G E Discussion of a ^ote on Cardio- 

Oesophaeusd I f Albu Beitrag zur Lehre von der idiopathi^^chen 

^^rdiosna.m^ Jvlunchen med Wchnsclir 64 749, 1917 (s) Schloffcr 

operauven Beh Wchnschr 31 88, 1918 (f) Pamperl R Zur 

(«) Clairmo ^ p Kardiospasmus, Deutsche Ztschr f Chir 148 206, 1919 

^ Chir 45 242* 109 ^'scussion on Kummell, Verhandl d deutsch GeseJlsch 
S H* Crrutia, L, cited by von Hacker and Lotheissen (tlO 

(j) Tufiier D for Cardiospasm, Tr Am S A 41 25 1923 

^unctiormel suiv ^ Poesophage Afega-ocsophage Operation Re^ultat 

Pans 48 ^^f^^offraphie, huit mois apres. Bull et mem Soc de cbir 

ecliten Kard ' ^ (v) Crone- AInnzebrock, E Die operatn e Behandlung des 

Hacker f Chir 53 2386, 1926 (r) Doberer, cited b> 

^'^•ospasm R Hotheisseniu (a') Walton, A J The Surgical Treatment of 
J^ronime,o7M ^ 12 701, 1925 (b') Enderlen, m discussion on 

an d ^ r Hesse, E Ueber clururgische 

^‘‘^rankuneen Bauchabschnitt der Speiserohrc bei gutartigen 

^mare, J p’ Ztschr f Chir 213 23, 1929 (d') Target, Af , and 

^^•"dia P3J. ^^^lospasme ou retrecissement oesophagien , dilatation forcee du 

de chjf 55 ^^^S^'strique , resultats eloignes de deux cas, Bull et mem Soc 
by Onemi Maconie, A C Cardiospasm Treated Success- 

^’“uachs A o°"’ M J 1 398, 1929 (/') Adams, A W Thoracic 

Cases h a Pharyngeal Pouch and Cardiospasm, with Report of 
^’^•^'“spastn’ Lamson, O F Surgical Treatment of 
^'•ulasia of Med 29 125, 1930 (A') Butler H B A Case of 

‘‘"'“Phago „a,, Bnt M J 2 565, 1931 O') Jirasek A Ln cas 

reussie. Bull et mem Soc nat de chir 57 1189 
Chir l5i 4Qc’ Therapie des sogenannten Kardiospasmus, Beitr z 

Three r Khodkov, V Af Surgical Therapy in Connection 

Skinner, Cardiospasm, Sovet khir 9 447, 1936 (/ ) Gra\ H K, 

I^ublished Operative Treatment of Cardiospasm J Thoracic Surg 

0^0 >on Afikuhcz (n') Lusena (o') Lorcta ^ (p ) 

(Toot note continued on nest page) 
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the operations in S (10 1 pei cent) were failures Good results were 
reported in 56 (70S per cent) and improvement m 6, and the results 
weie unknown m 2 

The next type ol surgical procedure directed at the cardia was plastic 
With a rationale similar to that of the Ramstedt procedure for hyper- 
trophic pyloric stenosis, Heller, in 1913, performed an extramucous 
cardiomv otomy wdneh had been proposed by Gottstein in 1901 This 



Fig 3 — Extramucous cardiomyotomy in the treatment of ac a asia 
musculature of the cardiac end of the esophagus is incised longitudma y 
to the mucosa for about 8 to 10 cm As is shown in the inset, the vertica incisi 
are made anteriorly and posteriorly 


Rotgans (</') Footnote 50 (r') Judd and others®^ (*f^) Anschutz 

Russell®^ (it*') Galpern (v') Schmilinsky Gottstein A/fr^niitqchr 

58 Ramstedt, C Zur Operation der angeborenen Pylorusstenose, IV 

f Kmderh 11 409, 1912 . r A .nasmus nut 

59 Heller, E Extramukose Cardiaplastik beim chronischen ar lo ^^^ 2^1914 

Dilatation des Oesophagus, Mitt a d Grenzgeb d Med u C ir » Grenz- 

60 Gottstein, G Technik und Klinik der Oesophagoskopie, i 
geb d Med u Chir 8 57, 511 and 99, 1901 
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operation consisted ot exposure of the stomach and the cardia throug 
a laparotomy incision, mobilization of the cardia and esophagus for 
to 10 cm and longitudinal incision of the musculature of the cardiac end 
of the esophagus down to the mucosa (fig 3) A vertical incision 
approximately 8 cm long was made anteriorly and a similar one poste 
norly Heller 'insisted on the necessity of two incisions because ol 
the probably continued function of the sphincter due to bridging ^ ^ 

defect by scar if a single incision were made However, Zaaijei an 

de Brune Groeneveldt stated that one incision is sufficient As usua , 
this procedure was subsequently modified by a number ot surgeons n 
1914, Ropke suggested incising the hiatus to permit better mo i izn 
boa and removing the periesophageal tissues down to the mucosa or 
distance of 6 cm Schaldemose preferred making a arcular incision 
over a grooved director inserted through a small opening down to t 
mucosa and then up between the mucosa and the muscle layer Simi ar y, 
Ohveira Mattos suggested that a forceps be used to dissect et^een 
the mucosa and the muscle layer before the operator incises t e a er 
and resects a part of it These modifications have the obvious purpose 
of avoiding opening the lumen by accidentally tearing or incising 
mucosa. That this is not merely a theoretic objection is shown y 
fact that of 104 collected cases, accidental tearing of the n 


61 Heller, in (a) discussion on Ropke , (h) m discusMon ^ 

VettendL d deutsch Gesellsch f Chir 45 144, 1921 , (c) Die B 
f^ospasmus, Med Welt 6 1675, 1932 

62 Zaaijer, J H Cardiospasm in the Aged, Ann Surg , „ o-eneesk 

63 de Brune Groeneveldt, J R On Cardiospasm, Nederl tijdschr g 

S 1281 , 1918 gj, 

64 Ropke (a) Zur OperaUon des Oesophagospasmus, 45 “^!^, 

^''hdi f Chir 43 121, “ 914 , (h) m discussion on ’ 

• (c) in discussion on Fromme,®’'" Arch, f klin Chir < 

65 Schaldemose, V Operated Cases of Idiopathic DilataUon o 

kir for forhandl 11 231, 1916 ^ pela 

66 Olmera Mattos, J Tratamentodo megaesofago ^ 

' ‘"«««tomia cardica, Rev Assoc paulista de med. 13 217, 193 „ beim 

67 (a) Ambrumjanz Ueber emer Modification der Hellersch 

^^;<i.ospasnius, Zentralorg f d ges Chir u Grenzgeb g.sen- 

Paut, R., and Hamburger, M Retrecissement (c) Resultat 

Ei^en, Arch d mal de I’app digestif 22 48, 1932 ■ (c)^ ^ 

1931 ^ J lesophago cardiotorme pour retrecissement oesop ^,g extra- 

21’ (-i) Les rdsultats elo.gnes de I’operat.on de 

m '“'"’‘''■6.26 942,1936 (A Borchgrevink, O , m discussion J ^ ^5 

148 Kummell.a'xi Verhandl d deutsch Vederl tijdschr 

1 Exalg O J A Case of Chronic C^Jospasm, i 

Dda^i 2 1276, 1918 (/i) Lindstrom, T E A Case of P 

2-Phagus, H>g.ea 80 1^69 f (>) f^liTgr. J H 
^stnus, Nederl tndschr v geneesk 2 1278, 19 


nexi page) 
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occuried m 14, and in 2 ot thcbc the patients died of consequent intection 
There were a thud death, due to perforation following bougienage after 
the eoinpletion ot the operation, and a lourth, due to pulmonary 
enihohsin, giving a mortality rate of 4 per eent Recurrence took place 
m 14 cases ot the collected group The results were considered good 
in SO and inipioveincnt w\as obser\ed in 6 others 


Kardiospasm iiiul EsopliagiisafTcction, Thesis, Leyden, 1918, abstracted Zentralbl 
f Chir 46 57, 1919, (k) On Surgerj of the Oesopliagus, Cong Soc internal de 
chir, Rap 1 485 1932 (!) Mnit7, W Operative EingnfTe bei Kardiospasinus 

und Megaosophagie, Deutsche ined Wclinsciir 46 1296, 1920 (in) Enderlen,^in 
discussion on Kuniniell,''®'* Verhandl d deiitsch Gesellsch f Chir 45 147, 19_1 
(») Payr, E, cited bj Heller, (o) in discussion on Kumnielbsod ibid 45 147, 
1921, (p) Chirurgische Behandlung des Kardiospasmus, Zentralbl f Chir 56 
3103, 1929 (q) Koiiig, cited bj \on Hacker and Lotheissen (r) Horhammer, C 

Das Einmaiischettieriings\ erfahren nach Goepel an den kardialen Alagenpar^n, 
mft besoiiderer Berucksichtigung Einpflanzung des Oesophagus, Zentralbl f ir 
50 633, 1923 (s) Hurst, A F, and Rowlands, R P Case of Achalasia o 

Cardia Relieeed by Operation, Proc Roy Soc Med (Clin Sect) 17 4 , 

(t) Reise Kardiospasinus, Zentralbl f Chir 51 2137, 1924 (it) Cainar^, 

A C , Vampre, E , and Parisi, R Alai de engasgo , cura pela ^ 

Heller , 2 observacao, Bol Soc de nied e cir de Sao Paulo 7 54, - - 

(v) Chaees, J A Therapeutica cirurgica do mal de engasgo, Brasil-nie 
1927 (zu) Fronime, A Erfahrungen mit der Operation des Kardiospasmus, 
Arch f khn Chir 157 606, 1929 (r) Delbet, P Alegacesophage Opera on 

par voie abdominale, Bull et mem Soc nat de chir 55 481, 1929, 
cas de cardiospasme opere par voie abdominale, ibid 57 586 an 'hdonu- 

(s) Retrecissement simple de I’oesophage (cardiospasme) opere par a voie a 
nale, ibid 57 1057, 1931 (a') Oberthur, H Traitem^t ^^^q J931 

tion dite idiopathique de I’cesophage, Arch d mal d 1 app digesti 
(b') Jacobovici, I, and Hanganut La 

dilatation idiopathique de I’oesophage, Romania nied So-, , 1 t Itfed 

G G Some Experiences m the Surgery of the Esophagus, New . _jj5 

205 657, 1931, (d') Personal Experience m the Surgery , Masse’ 

Cong Soc mternat do ch,r, Rap 1 725, 1932 (o') I.. 

Le traitement chirurgical du megacesophage 

muqueuse (Un cas personnel), Bordeaux chir 3-13, .^^gophagotomie 

avec retrecissement mferieur , operation par voie abdomi ( 
extramuqueuse) Resultat datant de sept mois. Bull et rnem o _ _ p ^ 

58 1092, 1932 (g') Charbonnel, m discussion on Chenut ^ y /rab. 

and Subiza, V Cardioespasmo operado por via abdomin ^ ’t woohago- 

Soc dc c,; de Bnenos A.res 16 1525, 1932 (.') Soupanlt, R 

cardiotomie dans les retrecissements simples de 1 cesop age m ene , ^ 

.nternal de ch.r. Rap 1 759, 1932, (/) ncesophago-c^diotom.e ^ 
(operation de Heller), J de chir 41 727, 193^, (^ ) Les re^r ^,5. 

esofago, simpaticectomia eso£5gica, estadisUca Uev 

1933 (»') Vampre, E Le “mal de engasgo" el son ira.temenl ch,rur| . 

sud-am de med et ie ch.r 1 493, 1933 (o’) Carayannopoulo,, A 
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The other plastic operation on the cardia is analogous to the Hei- 
necke-Mikuhcz pyloroplasty^^ This \vas first performed by Wendel,^^ 

de m^gacEsophage, Bull et mem Soc nat dc chir 60 14, 1934 (p^) Frucliaud, H 

Un cas de retrecissement cardio-oesophagien cssentiel traite par operation de Heller 
ibii 60 1264, 1934 (q*) Jau\e Stenohe cardio-oesophagieniie chez I'enfant 

Operation de Heller, Lyon chir 31 586, 1934 (/) Leriche, R m discussion on 

Jame.®tq' Rohde, C Zur Operation des Kardiospasmus, Zentralbl f Chir 
61 977, 1934 (/') Buzoianu, G , and lonescu, D Cardiomyotomy in Esophageal 

Cardiospasm, Rev dechir, Bucure^ti 38 137, 1935 Diez, J Cardioespasmo 

} operaaon de Heyrov^sky, Bol y trab , Soc de cir dc Buenos Aires 19 924 1935 
(t/) Cardioesopasmo y operacion de Heller, ibid 19 846, 1935, (zv*) El tratamientr* 
quinirgico del cardioespasmo (operaciones dc Heller y de He>rovskv), Prensa 
med argent 23 155, 1936 (x') Lotheissen, G Kardiendyse, die neue Operation 

zur Behandlung des Kardiospasmus, Zentralbl f Chir 62 2658, 1935 (>') Baum- 

gartner, m discussion on Magnant^^^'^ («') Hamant, A. , and Chalnot Deux cas 
megacEsophages traites par la technique de Heller, Rev med de Nancy 64 294 
1936 (a'') Kuss, G A propos des retrecissements cardio cesophagiens Mem 

Acad de chir 62 838, 1936 (6") Magnant, J S Retrecissement cardio- 

o^phagien Intervention par voie abdommale Resultat eloigne, ibid 62 
1936 (o'*) Alannacci, S Esofago-cardiotomia extramucosa (oper 

^lone di Heller), Arch ital di chir 44 698, 1936 (d") Most, m discussion on 

Frey,8<)b ^rch f klim Clur 186 19, 1936 Pien, G Sulla cura chirurgica 

del cardiospasmo, Riforma med 52 1051, 1936 (D Desplas, B , and Aime, P 
e^x cas de stenos hypertrophique du cardia, Mem Acad de chir 62 843 1936 
\9^) Desplas, B , Durand, G , and Aime, P Megaoesophage par stenose sus- 
’^que, cravate musculaire et cercle vasculaire anormal stenosant Intervention 
ucnson Resultats radiographiques, Arch d mal de I’app digestif 27 877, 193 
) Abbeloos Observation nouvelle de cardiospasme avec megacesophage £uen 
operation de Heller, J de chir et ann Soc beige de chir 36-34 631 1937 
Girard, L, and Ranjard, C Phreno-cardiospasme et cardiotomie, Oto- 
™no-laryng mtemat 21 132, 1937 (;") Vasconcelos, E, and Botelho O 

'furpa do megaesofago, Sao Paulo, Coimpanhia Editora Nacional 1937 (k ) 

P, and Long, M Deux cas de retrecissement cardio-cesophagien traites 

B 'operation de Heller, Rev med fran? d’Extreme-Onent 16 31, 1938 (' ) 
ousseaux Cardiospasme chronique Operation de Heller Resultat eloigne 

^ med de Nancy 67 28, 1939 (m”) Christide, E Mega-cesophage opcre jmr 
e precede de “HelleP' et gueri, Lyon chir 36 690, 1940 (W) Ferrari R C, 

de La operaci6n de Heller en el tratamiento de los fonomeiios 

f ^osis benignos al nivel del cardias, Bol InsL de clin. quir 12 

1 U operacion de Heller en el tratamiento del llamado cardiospasmo, Semana 
jj 1 . 1936 (p") Perez Zabala, M, and Ferrari, R C La operacion 

en el tratamiento de los fenomenos de estenosis bemgnos al nwel e la 
''o cir de Buenos Aires 20 17b, 1936 (q ) Scrimger r 
(■r") Jirasekorl' (r) Heller (n,") Heller « (v") Zaaijer - 

« Brune Groeneveldt 03 (r") Ropke,®* (y") SchaldemoseO- 

L Operation der Pylorusstenose, Inaug Dissert Furth, A 
, «^«r, 1886 von Mikulicz, J Zur operativen Behandlung des stenoMren ei 

K^«th\\ures, Arch f klin Chir 37 79, 1888 
’910 Zur Chirurgie des Oesophagus, Arch f khn Chir 93 
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in 1910, although it had been suggested by Marwedel seven years 
previously The procedure consists of making a longitudinal incision 
through the entire wall of the cardia and suturing the defect trans- 
versely, thus increasing the diameter of the lumen at this site (fig 4) 
In the United States, Meyer, in 1913, successfully performed this 
operation through a transpleural approach Since then there have been 
20 cases reported, with 1 death Good results were obtained m 



Fig 4 — Cardioplasty in the treatment of achalasia A longitudinal incision 
made (a) through the entire wall of the cardia, and the defect is sutured trans 
versely (b and c) 


70 Marwedel, G Die Aufklappung des Rippenbogens zur Erleichterung 
tiver Emgnffe im Hypochondnum und im Zewerchfellkuppelraum, Zentra 

Chir 30 938, 1903 

71 (a) Lecene, P Stenose mflammatoire avec spasme du cardia, 
oesophagienne considerable Cardioplastie Guerison, Bull et inem^ oc e 
de Pans 45 710, 1919, (b) in discussion on Larget and Lamare*"** 

L , and Simon, R Le traitement operatoire de la dilatation i lopat ique 
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flT* * .1“ ty Bull," who apparently intended 

o^rform the operation of Heller but, because the mucosa was acc- 

"'"'h “'“"‘‘i The patient had a 

fairs S “ '”P'' Wstrostoiny was subsequently done A modi- 
I , procedure, analogous to the Fredet-Weber type of 

.tZ ,f by Girard .> in 1315 In order to obviate 
G^rrl^n rl^ “T'l possible peritoneal contamination, 

tothpnf"™™^^ operation by making a longitudinal incision down 
He rpnnH^ri Hie resultant defect transversely (fig 5) 

6case.s , successful results In 1933, Ohsawa reported 

^ operation was similarly performed through an approach 
results in ^ ^r*ansdiaphragmatic thoracolaparotomy, with good 
^ e have been able to collect 14 cases in which the 


sur le segment ca H ^ Pans 59 355, 1921 (d) Gregoire, R Voie d'acces 

21 673 1923 permettant d'eviter la plevre et le pentoine, J de 

^ e\itant la d 1 ^ ^ t permettant d^atteindre le segment cardio-cesophage 

(/) ResuH^ Peritoine, Bull et mem Soc de chir de Pans 49 600, 
I'oesophage d un an d'une intervention pour dilatation idiopathique 

^phavo-fTpcf du diaphragme par voie thoraco abdominale extra-sereuse 

Pfopos de la ( 1111 ^ ^ 
®®“'« et trait “^‘^P^Hiique de I’cesophage, ibid 49 1502, 1923, (/i) Path- 

'^el’app digestif dilatation idiopathique de I’oesophage, Arch d nial 
•kiraco-abdomin I ’ (j) Phrenospasme CEsophago-gastroplastie par voie 

0) Etat actu 1 d^ ®^*^Ta-serause, Bull et mem Soc nat de chir 52 757, 1926, 

* 219, 1932 m T ^ de I’cesophage, Cong Soc intemat de chir , Rap 

discussion T? ^ ' cited by Charbonnel and Masse (/) Wendel 

^ted by Janes^s^ (^^0 Graham, R, cited by Janes (») Murray, G, 

67 n and ^ Pull ib Janes (q) Footnotes 57 c' and k' (r) Foot- 

Fredet T 

d nial de Pan H ^ hypertrophique du pylore chez le nouveau-ne, Arch 

^ der Operab ^ 1908 Weber, W Ueber eine technische Neuerung 

^d3, 1910 Pylorus-Stenose des Sauglings, Berl klin Wchnschr 47 

Gj 

Ohsau* Hacker and Lotheissen 

^^33 ’ "I'he Surgery of the Esophagus, Arch f jap Chir 10 605, 

des ^ Le megaoesophage, cas particuher des dilatations idiopathi- 

^^Pkmentair ^^'"^taires, Arch d mal de Tapp digestif 9 541, 1918, (b) Note 
J megaoesophage, ibid 10 116, 1919 (c) HerU, J, and 

**^phage. fg Elargissement de I’onfice diaphragmatique de 

Soc nat^°^ ^Soplastie par voie thoraco-abdommale extrasereuse, Bull et 
"’“liasunal mf Braine, J Acces de I’oesophage 

'^'‘’Pleuro-pe;r'“‘' par la voie thoraco-abdommale posteneure 

^phage, nig sp6cialement dans les dilatations “idiopathiques” de 

1932 et phr6nospasmes, Cong Soc intemat de chir , Rap 

Lorenzo, R, and Boto, D Megaesofago de larga data, e\ito 
Ohsawa.?* 24 349, 1937 (/) Frommea'’^ (<7) Girard'- 
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extiamucous cardioplasty was done Iherc ^\ere no deaths, and good 
results were obtained in all Thus, in 36 cases in which cardioplasty 
was done there w'as only 1 death, and only 1 recurrence was reported 
Good results w^erc obtained in 93 1 per cent of cases Such impressive 
results would not be expected to follow a procedure which obviously 
increased the diameter of the cardia relatively little 

Excision of the cardia follow^ed by esophagogastrostomy w'as originally 
proposed by Rumpel in 1897 and w'as performed by Bier in 1920 



down to the mucosa, and the defect is sutured transversely 

Bier’s case was reported by Pribram,^’ who did not consider the con 
dition typical of cardiospasm, because there was no hypertrophy at t e 

76 Rumpel, T Die klimsche Diagpiose der spmdelformigen Speiserohrei 
weiterung, Munchen med Wchnschr 44 383, 1897 

77 Pnbram, B O Zur Pathologie und Chirurgie der spastischen ^eurosen, 
A.rch f khn chir 120 207 1920. m discussion on Kumnicll,"’®*! Verhand 
deutsch Gesellsch f Chir 45 147, 1921 
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lower end of the esophagus and the cardia w as wide open How ever, 
the clinical manifestations were characteristic of cardiospasm The 
patient died of cardiac failure the day following the operation A 
second case, in which treatment was successful, was reported more 
recently by Radlinski The fact that these are the only 2 cases that 
have been reported emphasizes the objectionable features of the opera- 



hcjro kv to side esophagogastrostomy as originally done by 

^P^gas treatment of achalasia A new opening is made between the 

^ the stomach, thus short-circuiting the cardiac orifice 


Such a radical procedure, in our opinion, is justified only in the 
«f a growth 

procedures directed at the cardia, probably the most 
._J^_|^esophagogastrostomy This was first performed successfully 

19^ Observations de chirurgie oesophagienne, Bru\elles-med 17 -0- 
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m a case of achalasia by Heyrovsky/“*^ in 1912 Gosset,'“ in 1903, had 
suggested this procedure for strictures of the cardia and had demon- 
strated its feasibility in cadavers and dogs, using a transpleural approach 
The operation as performed by Heyrovsky consists of exposure of the 
stomach through a laparotomy incision and mobilization of the cardia 
and esophagus for a distance of about 8 cm , followed by a side to side 
anastomosis between the esophagus and the stomach, short-circuiting 
the cardiac orifice Because, as was emphasized by Frey,®® in this type 
of procedure a spur remains at the cardia which may cause some obstruc- 
tion to the free passage of ingested material from the esophagus into 
the stomach, Grondahl,®^ m 1916, modified the operation so that the 
anastomosis is made similar to that of the Finney gastroduodenostomy 
In this way the cardiac spur is destroyed and a much wider opening 



gastrostomy and (b) Grondahl’s modification Whereas in a a spur remains 
at the cardia which may cause some obstruction to the free passage of ingested 
material from the esophagus into the stomach, in b the cardiac spur is destroyed 
and a much wider opening is created between the esophagus and stomach 


79 Gosset, A De I’cesophago-gastrostomie transdiaphragmatique operation de 
Biondi, Rev de chir 28 694, 1903 

80 (o) Frey, E K Zur Technik der Osophagogastrostomie, Zentralbl f 

Chir 59 845, 1932, (b) Zur Behandlung des Kardiospasmus, Arch f khn 

186 466, 1936 (c) Frey, E K . and Duschl, L Der Kardiospasmus, Munchen 
med Wchnschr 84 1374, 1937 (d) Frey, E K Die cardioplasUsche Oesophago- 

Gastrostomie, Zentralbl f Chir 65 2, 1938 

81 Grondahl, N B Plastic Operation for Cardiospasm, Nord kir for 

forhandl 11 236, 1916 
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■k. sp. a ;i:= r;r 

t'Postd, a large crushing forceps was intrnr 's“Plmgus were 

to««gli a gastrostomy opening and aDoIierl s‘«mach 

We »as inserted through the cardia ink tl ™ ^ 

'">« the fundus of the ftomach Tl ^ '“P'’t‘S»s =>"<1 the other 

■Itmipted sutures were pTek „ a! *’ 

amach about it On the eighth PP™'"™" ‘*"t esophagus and the 
®w, and the clal l? Postoperative day the spur had been 

Met” used a let LkLeT'""' , o'-oP. 

Beause ih, a "'■■“"f:'’ '>’0 spur 

"straUonal, afidtdkmnf “°P''“ktOEttstrostomy is considcicd the 

some surltk"" ° P'st'fishle 

approach, others « conside/rln "" ur supradiaphra-niatic 

•’Pmon the abdominal ao ^btlominal approach better l\i uur 

‘«"eum IS more resistant tn^ ' desirable, because th. peri- 

as satisfactory 

division of the iffr i? emphasized by Lamheu " and 
to permit retractm ^ n ligament should \ , o m 

tile cardia (fig gaf Vh . posure 

at the site of its rr>fl ^ over the esophagus iv cicum- 

’’’“"t dissection the Lnl “ diaphragm, and b^ sharp and 

-rr- f^eed circumferenPally ffig Sb) A 

^5S4I5^ 1913, (b) for Cardiospasm, Ann 

^^^"Ption ofa^Hi^r? TT^ Dilatation of the Oesophagus b> 

& Obst 18 1 19 4 Unpublished Method , Report ol a Case, Surg 

f Keller, W L n 

Ann. Surg gs 58 ^ 090 '"^ Cardiospasm \Vhere Dilatation Has 

Z ? Sauerbruch p , 

i'nistor ^ 149 1071 ^*"*^/^'°” Kummell,''“a Verhandl d. deutsch 

O'Shai,^^’ Berlin, Julmj c ’ Uer Kardiospasmus, in Chirurgie der 

k- fhorkri"' ‘®' ™' P 5^^ Snorrbrudi, F, and 
^ei \\j J B np Baltimore, William Wood &. Company, 

Von 765, 1928 ^^Sastrostomie wegen Kardiospasmus, Wien 

ibid 79 50 / loon” durch Esophagogastrostomie geheiJter Fall 
hnu-i ^h'OStOmio < » iy^9 , (/) Bencht uber pinpn wpitpren Kail von 


tl Ivar/l 'vO, 1928 ^ \ 'C' j.vai uiu:>jJU3iiiu 

^bid 79 508 1070 ” ^“/,^^^^^°P^eogastrostomie gehe: 
ibid. 80 9? ’mm 

‘sephagusan Enderlen n Uenk, W, in discussion on 

h r\L ZentralM r ernes Praparates von Mageno- 

. Oberihnre:,, f Chir 40 92, 1913 Frey so 

Deux 


Turner 87d' Lambert 82 a 


-,iur 07a' -p 

^ -Lurnero^c' 

SO oi ^ Deux i-ambertssa 

(b) i^rz?^ 'i® “’e&aoesophage. Bull et mem Soc. nat de 
Ver , Ztschr Anatomic des Bauchabschnittes der 

,'‘"‘^ohre*'^‘^^er Ifethorfp ^ Vergleichende Dar- 

FooiV"’ anatnrJ 1. Freilegung des Bauchabschnittes der 

'^ote, 673^ ^^^tom, sober und klmischer Unfersuchungen, ibid 242 290 
’ a, c' and d' 




Fig 8 — Technic of esophagogastrostomy m the treatment ot achalasia Through 
an abdominal incision the left lateral hepatic ligament is divided m order to 
permit retraction of the left lobe of the luer and better exposure of the cardia (a) 
The peritoneum over the esophagus is circumcised at the site of its reflection 
on the diaphragm, and by sharp and blunt dissection the esophagus is freed 
circumf er ential ly (b) 



Fig 9 — Continuation of the procedure shown in figure 8 The esophagus is 
carefully mobilized (a) by blunt dissection with the index finger, with the 
shown in the inset Traction on a slmg of umbilical tape placed aroun e 
esophagus aids in its mobilization (b) as it is gradually pulled doivn into 
peritoneal ca\itj for approximateh 8 to 10 cm 
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sling of umbilical tape is then placed around it to peimit traction down- 
ward on the esophagus By blunt dissection with the index finger the 
esophagus is mobilized from its hiatus and gradually pulled down into 
the peritoneal cavity for a distance of approximately 8 to 10 cm (fig 9) 
At the uppermost portion of the mobilized esophagus a strip of umbilical 
tape IS tied tightly around the esophagus, a technical suggestion made 



"“Oontinuation of the procedure described in figure 9 mobilized 

mbihcal tape is Ued tightly (o) around the uppermost portion o bagus 

«P agus This serves the purpose of preventing spillage from , jbe 
an h" the fundus of the stomach to the esophagus J P' ® 

around the tape and thus to obviate tearing the na ^ 

The dotted hue showfthe site of the inasion through the s omadi and 
J'«0Phagus A rubber-covered clamp is applied (b) to the !‘^ach ^belorv ^t^^^ 
0 ^astomosis to prevent spillage After plaang o t ic j as indi 

sutures the stomach and esophageal \\ a s ar and 

ihrr second posterior row of sutures is applied \\i 

chromic catgut on an atrauma ^ Lambert 

rought anteriorly as a Connell stitch A final row o 

IS applied (rf), and a few interrupted sutures arc 


‘ sutures IS 


IS applied (d), and a tew 
to the fundus of the stomach 
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by Fromiiie (fig 10 a) This serves two purposes It prevents spil- 
lage from the esophagus above, and it is used to anchor the fundus of 
the stomach to the esophagus by placing the anchor suture around the 
tape, thus obviating tearing the friable esophageal wall at a point where 
there is considerable tension A posterior row of interrupted quilting 
cotton sutures «« is installed (fig 10 b) Paralleling this row of sutures, 
an incision is made through the stomach and the esophagus and car- 
ried through the cardia The second posterior row of sutures is appbed 
as a through and through stitch with 00 chromic catgut on an atraumatic 
needle (fig 10 Z?) This is brought anteriorly as a Connell stitch (fig 
10 c) A final row of interrupted Lambert cotton sutures is applied, 
thus completing the anastomosis (fig 10 c/) A few interrupted cotton 
sutures are used to tack the diaphragm to the esophagus and to the 
fundus of the stomach in order to avoid traction on the suture line 
The piece of tape tied around the esophagus is cut and removed An 
omental graft may be used over the anastomosis as suggested by 
Palugyay Preliminary paralysis of the right leaf of the diaphragm 
by phremcoexeresis or phrenicopraxis has been advocated by some 

We have collected from the literature 88 cases in which esophago- 
gastrostomy has been done for achalasia There were 5 deaths (6 6 

87 Fromme, A Ueber Ursachen und Behandlungsmethoden des sogge- 
nannten Kardiospasmus auf Grund klinischer Erfahntng, Beitr z khn Chir 
162 337, 1935 

88 Meade, W , and Ochsner, A Spool Cotton as a Suture Material, J A 
M A 113 2230 (Dec 16) 1939, The Relative Value of Catgut, Silk, Linen and 
Cotton as Suture Materials, Surgery 7 485, 1940 

89 Palugyay, J T)ie Oesophago-Gastro-Anastomose nach Heyrovsky ini 
Rontgenbild Em Beitrag zum funktionellen Verhalten der Speiserohre und des 
Magens nach der Operation, Arch f klin Chir 125 554, 1923 

90 Jirasek sri' Turner Frey Footnotes 84 d, e and f 

91 (a) Demmer, F Kaidiospasmus, Wien klin W^chnschr 25 1928, 1912 

(b) Exner, A Beitrag zur subphrenischen Oesophago-gastrotomie, ibid. 30 
886, 1917 (c) Schnitzler, J Subphrenische Oesophagogastrostomie, ibid 31 768, 
1918 (d) Finsterer, H , in discussion on Kummell,®®'^ Verhandl d deutsch 

Gesellsch f Chir 45 148, 1921, (e) Zur Therapie des Kardiospasmus und der 
Kardiastenose, Wien klin Wchnschr 35 471, 1922 (f) Zaaijer, J H, cited by 

Haggstrom Bim Nystrom, cited by Haggstrom (/») Gerulanos, cited 

by Haglund. (.) Michaelsson, cited by Haggstrom <>1“ 0) Toole, H Em 

Fall von hochgradigen Kardiospasmus geheilt durch Oesophagogastrostomie, Arch 
f khn Chir 151 761, 1928 (k) Giertz, K H Dilatatio esophagi idiopathica 

Svensk kir sekt forh , 1929, cited by Haggstrom (0 Operation of 
Case of Idiopathic Dilatation of the Esophagus 93 190, 1931 0») 
Haggstrom, P Zwei Falle von Kardiospasmus und Osophagus-Dilata- 
tion, die nut glucklichen Ausgang nach Heyrovsky operiert wurden, Acta 
chir Scandinav 66 345, 1930 («) Correa Netto, A Do tratameiito 

do cardiospasmo pela ga’stro-esophago-anastomose infradiaphragmatic (operacao 
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per cent) and only 1 poor result In addition, we have successfully 
employed this procedure in 2 cases An interesting feature in the 
results of this operation (as well as some of the others) is the observa- 
tion made by numerous surgeons that functionally the patients are 
considerably better than the roentgen studies would indicate Thus, in 
many cases the esophagus appears still dilated after operation, although 
the patient is able to swallow normally 

Because one of the theories of achalasia incriminates the diaphragm, 
It was logical to assume that the condition might be corrected by an 
operative procedure directed at this structure In 1914, Bassler 
proposed division of the diaphragmatic crura on the assumption that 
spasm of the muscle fibers was the cause of the obstruction This was 
done by Braine and Metivet,^- with a good immediate result In France 
this procedure seemed popular In 1933, Vampre stated that after per- 
orming this operation in 5 or 6 cases with poor results he was forced 
to the conclusion that it is based on a false premise In addition to 
en arging the diaphragmatic hiatus, a number of surgeons have empha- 
sized the importance of drawing the esophagus down and '^straightening 
Wh^^ this was first suggested by von Hacker in 1913 

oreas some have stressed the importance of this, apparently they 
Tur^^^ convinced of its value, as they also perform a cardioplasty 
cr stated that he finally discontinued using this procedure after 
taming only 1 good result in 5 cases Phremcoexeresis has also 
done, but the results were unsatisfactory In the 21 collected 


^ H^rovsky), Bol Soc de med e cir de Sao Paulo 15 229, 1931 (o) von Haberer, 
^7 hardiotonischen Speiserohrenerweiterung, Zentralbl f Chir 58 

Nuero Ka L Cuestiones gastroenterologicas, San Sebastian, Spain, 

^dandl ( 9 ) Fromme, A Ueber weitere Erfahrungen bei der 

Zentralbl f Chir 60 3632, 1933 (r) Han5en, J 

(j) Hi des Kindesalters, Beitr z klin Chir 157 617, 1933 

^9 Had H ^ ^ Oesophageal Surgery, Surg, Gynec & Obst 60 417, 1935 
ch ^ ^ ^sophago-Gastrostomies According to Method of Heyrovsk>, 

Ferrari, R C, and Itoiz, O A La 
Aires 20 ^ operatidn de Heyrovsky, Bol y trab , Soc de cir de Buenos 

^^mient ' Brea, C A Megaesdfago por cardioespasmo Su 

3nd csophagogastrostomia, ibid 21 733, 1937 {w) Calcagno, B N, 

^Vomack a ^^S^csofago Esofagogastrostomia, ibid 21 747, 1937 (x) 

^^enca lR ^^ophagoplasty for Esophageal Achalasia, S Clm. North 

^Pphcac Notti, P, and Miyara, S Opcraaon de He}ro\sk} 

'■ Pasmo'l ^ ^^^ultado m un caso de estenosis del esofago abdominal (cardio- 
I ciM K ^ Cir de Buenos Aires 23 298, 1939 fA Hams 

^ (of) Wilson, G, cited by Janes si Bull Jane^ sJ Horo^- 

^rondahl 81 ^ Footnotes 67 E, d', ii', and Y Frc> 

92 ^mb€rt82 Keller Footnote 84 Fromrae,s7 
‘^on H ^^ctuet, cited by Gregoire 
'^■1 Forvf». 'cn Hacker and Lotheissen 

c cs 67c and /' Sencert and Simon 
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cases m which phrenotomy and transposition of the esophagus were 
done there weie no deaths, and the results were stated as good m 12 
(571 per cent), as showing improvement in 3 (14 3 per cent), and 
as failures in 6 (28 5 per cent) It is significant that in 2 of the cases 
in which improvement took place the authors regretted that they had 
not performed a plastic procedure Also of interest is the fact that 
among the cases in which the results were good there was only 1 with 
a follow-up longer than a few months 

As has been stated, a number of clinical and experimental obsen'a- 
tions have been presented in an attempt to explain the pathogenesis of 
achalasia on the basis of a nervous mechanism It was therefore assumed 
that the condition might be corrected by surgical procedures directed 
at the nerve supply of the esophagus In general, such procedures may 
be classified into those attacking the vagus nen’^es and those attacking 
the sympathetic nervous system In 1911, Me}er°^ performed esopha- 
geal plication but in addition emphasized the importance of division of 
the vagal fibers entering the esophagus However, the results in his 
cases were poor, and he finally concluded that the best treatment is 
cardioplasty Sauerbiuch also performed bilateral vagotomy 
through a transpleural approach m 4 cases One of the patients died 
of pleuritis , 1 had a recurrence after a year, and the other 2 had recur- 
rences after a very short period On the basis of his experience Sauer- 
bruch concluded that vagotomy is not justified and that its rationale is 
based on a false conception Rieder’s patient became worse after the 
operation Fieri, in 1932, through a posterior mediastinotomy iso- 

95 (a) Lardenvois, G , and Braine, J Phrenospasme chromque he a un ulcus 

gastrique luxta-cardiaque Dysphagie chromque gra\e avec dilatation de 1 cesophage 
Echece de dilatations repetees Gastrostomie Persistance des troubles Decouverte 
operatoire par voie thoracique de la traversee phrenique de I’cesophage Debri e 
meat de I’orifice diaphragmatique Guenson de la dysphagie. Bull et mem Soc 
nat de chir 49 937, 1923 (b) Kummer, E Stenose du segment diaphragmatique 

de I’oesophage Phr^notorme par le precede de M Raymond Gregoire (thoraco 
laparotomie extrasereuse) Guenson, ibid S3 231, 1927 (c) Lefevre an 

Joncheres Cardiospasrae de I’oesophage traits par la voie thoracoabdomina e 
extra-sereuse de Gregoire, Bull et mem Soc de med et de chir de B(^deau\ 
(1926), 1927, pp 263-267 (d) Hartmann, in discussion on Delbet®''^^ (^) Chenut. 
M A Un case de megacesophage traite par I'operation de R Gregoire, or eau 
chir 3 510, 1932 (f) Rochet, P A propos de I'operation de Heller pour cardio- 

spasme, Lyon chir 36 389, 1939 Senmger Enderlen Footnotes 67 , s, 
and r' Braine ’'*'1 Prat soa Braine and Metivet 

96 Prat^®^ Lefevre and Joncheres 

97 Footnotes 40 and 41 u 10^9 

98 Rieder, W , discussion on Fromme,^^^ Arch f him Cnir » ’ 

Klimk und Therapie des sogenannten Cardiospasmus, Deutsche Ztschr 

47, 1930, footnote 23 c , , 

99 Pien, G Sulla cura del cardiospasmo, Cong Soc internat e ’ 

1 778, 1932, Contnbuti chnici alia chinirgia del sistema , 033 ' 

cura della acalasia esofagea (cardiospasmo), Arch ital di c ir 
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lated both vagus nerves and sectioned the fibers entering the lower part 
of the esophagus One of the patients, who also had a carcinoma, died 
of starvation and cachexia several months after operation sa is c 
tory result was obtained in a second case, although the patient ha 
empyema That Pien was not entirely convinced of the value of this 
procedure is evinced by the fact that he performed the Heller procedure 
in 2 subsequent cases Jirasek reported a case m which the imme- 
diate result following bilateral vagotomy was good but in w ic i recu 
rence subsequently took place In the 11 collected cases in w 
vagotomy was done, 3 patients died , there were 7 recurrences, an 
satisfactory result was noted in only 1 instance 

On the assumption that the obstruction is due to a functiona 
turbance of Auerbach^s plexus, which innervates the circu ar m 
lature of the cardia, Recalde,^^^ in 1924, advocated decortic^ion o 
plexus In this way he attempted to interrupt the sympat 
supply of the cardia Of the 4 patients on whom he performe 
operation, 1 died of peritonitis following accidental pe oration o 
esophageal musculature, and the other 3 had good re^ ts -tt 
these had been operated on sixteen years previously ^ ^ ^ , i 

technic and had had a recurrence A number of observers a in 
that the sympathetic nerv^ous system may play a . v ^ 

pathogenesis of this condition However, it was not unti 
contention was placed on a firmer support by the resu ts ot n g ^ 
expenmental investigations He showed that m 
true sphincter mechanism at the cardia, that bilatera \aga 
reproduces the appearance of achalasia, which can e 
simultaneous removal of the sympathetic fibers, and ^ , expen- 

can be relieved by sympathectomy after it has been pro uce 
mentally On this basis sympathectomy was performe m 
achalasia reported by Knight and Adamson ecaus 

tions of cadavers it was found that the sympathetic nlexus 

^tdiac sphincter is derived chiefly from the left side ^ ^ pvcision 

and distributed along the left gastric artery, Knight advoca 

'00 Recalde. J F (a) Sobre urn caso de mal de “'’ctrdio^pa^smo 

Bol Soc de med e cir de Sao Paulo 7 78, 1924 
^'sgia e megaesofago , simpaticectomia esofagica (sta is 

"a' di chir 32 613. 1932 „ ro, Soc Med 

^ '01 Knight, G C The Innervation of the Esophagus r 

'933, footnote 22c , Achalasia of the 

'0- Knight. G C Sympathectomj m the the Cardia 

Bnt J Surg 22 864, 1935 , Sympathectomy tor •‘ich 

Soc Med 28 897, 1935 , , r Cardia Free 

'03 Adamson, WAD Sympathectom) for Achalasia 

Soc Afed 28 892, 1935 
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of this arter}^, with its surrounding fat and nerve tissue Of the 5 
patients reported on by Knight and Adamson and treated in this man- 
ner, 1 was completely relieved, 1 was considerably improved and the 
other 3 showed signs of recurience Whereas the majority of surgeons 
have employed the proceduie of Knight in the attack on the sympa- 
thetic ner\mus system, Craig, Moersch and Vinson^®* used a different 
technic They performed sympathectomy by bilateral resection of the 
cervicothoracic sympathetic ganglions and trunk, with a good immediate 
result Prior to the operation a diagnostic procaine hydrochloride block 
of the cervicothoracic sympathetic ganglions was done, and the patient 
was temporarily relieved, which indicated that the operation would be 
successful In the 19 collected cases of achalasia, including ours, m 
which sympathectomy was done there were 1 death due to peri- 
tomtis following accidental rupture of the mucosa and 1 due to 
suicide Recurrence took place in 4 cases, and improvement was 
only partial in 4 The results in these cases were not impressive 
Mitchell expressed the opinion that the high incidence of failures 
following these procedures may be explained on the basis of the great 
anatomic variation in the sympathetic nerve supply to the cardia and 
the consequent difficulty of interrupting the sympathetic pathways In 
1 of our cases a diagnostic procaine hydrochlonde block by the anterior 
approach was followed by rapid passage of barium sulfate through 
the cardia as determined fluoroscopically Subsequently a bilateral 
cervicodorsal sympathectomy was performed, and, although the patient 
showed immediate improvement following the operation, several weeks 
later there was complete recurrence of the condibon The patient is to 
return for esophagogastrostomy 

Because of its anatomic location, adequate exposure of the cardia 
meets with relative technical difficulty For this reason a number of 
surgical approaches have been devised In general, these may be clas- 

104 Craig, W , Moersch, H J , and Vinson, P P Treatment of Intractable 
Cardiospasm by Bilateral Cervicothoracic Sympathetic Ganghonectomy Report 
of a Case, Proc Staff Meet , Mayo Clin 9 749, 1934 

105 Rupp, in discussion on Frey,®®*! Arch f klm. Chir 186 19, 1936 Souttar, 
H S Oesophageal Obstruction, Bnt M J 2 777, 1935 Eliason, E L, and 
Erb, W H Cardiospasm Report of Two Cases Treated by Resection of 
Sympathetic Supply to the Cardiac Sphincter, Am J Surg 35 105, 1937 

H Oesophageal Achalasia Treated by Sympathectomy, M J Australia 2 lU , 
1937 Meade, H S A Case of Sympathectomy in the Treatment of Achalasia^ot 
the Cardia, Irish J M Sc., 1939, p 130 Gray and Skinner Recalde 
Knight ^01 Knight Adamson Craig and others 

106 klitcheU, GAG The Nerve Supply of the Gastro-Oesophageal Junction, 

Bnt J Surg 26 333, 1938 k V o- 

107 Ochsner, A , and DeBakey, Treatment of Thrombophlebitis y i 

came Block of Sjonpathetics, Surgery 5 491, 1939 
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sified into transabdominal and transthoracic Of the former there 
arc two types those in which exposure is obtained through a high 
median or a left paramedian incision and those in which the left costal 
arch IS mobilized The majority of surgeons have used the former, and 
in our opmion this is usually sufficient In some cases this is combined 
with partial mobihzabon of the costal cartilage near the sternum and 
division of this cartilage at this site Others have preferred a sub- 
costal incision parallel to the costal margin, similar to that described 
by Fenger m 1854 Still others have contended that a more satisfactor} 
exposure of tlie cardia may be obtained by mobilization of the costal 
arch In 1887, Lannelongue proposed mobilization of the costal arch 
by resection of segments of the lower four or five ribs and their cartilages 
antenorly Working on cadavers, Micheh,^^^ in 1895, modified this 
procedure by using a Schede type of incision and simply dividing the 
nbs medially and laterallv so that the resultant flap could be thrown up 
In 1898, von Mikulicz employed a somewhat similar approach m 
a case of carcinoma of the cardia, and in another case he used multiple 
transverse incisions over the respective costal cartilages in order to 
expose and divide them Somewhat similar approgiches were used 
more recently by Lambert and by Churchill Such procedures are 
so extensive that the approach alone is sufficient to put the patient m 
shock In fact, Wiener,"^^ in 1908, suggested dividing the operation 
mto stages, with mobilization of the costal arch as the first stage 
Kelling also desired to avoid the shock associated with these procedures 
but proposed a method which was apparently worse In 1901 he ^ 
recommended increasing the subdiaphragmatic exposure by the patient s 
posture, recommending one m which the lower part of the abdomen 
^nd the extremities hung vertically over the end of the table Apparen 


lOS Ochsner, A , and DeBakey, M Carcinoma of the Esophagus, J Thoracic 
^urg, to be published 

109 Ferrari, R C La es6fago-gastrostomia por via abdominal u 
^rovsky Tecmca operatoria, Semana med 1 1539, 1936, and 

(operacidn) T6cmca operatoria, ibicL 1 1081, 1936 Oute, H M and 
Jlbngbt, H L Cutting the Costal Arch for Upper Abdominal Exposure, Surg 

^ 1938 Footnotes 91 m-. v zv trmtement 

0 Lannelongue Les absc^ tuberculeux penhepatiques e eu 
raed 7 235, 1887 
^11 Micheli, cited bv 

,, >2 ^on M.-kul.cz, J zur Techn.k der Operat.on des Hasencaranon. 

Gesellsch f Chir 2 252, 1898, Be.trage zur Tcchn.k 

in ^lagencarcinoms. Arch f klin Chir 57 524, umved bv 
tion f T ^ Osteoplastic Resection of the Costal Arc o 
c " Cunature of Stomach and Esophagus and Esophagos 

""E 48 530 1908 

Kellmg, G Eecken-Hangelage bei horizontalem Runif fur Operationc. m 

des Zwerchfells, Zentralbl f Chir 28 1025, 1901 
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CA^en he tound this unsatisfactory, because several years later he sug- 
gested another postm e Although Marwedel’s and xA.sthoewer’s 
publications appealed in the same year, 1903, the former preceding the 
latter by a few months, Asthoeiver apparently deserves pnont}'' He 
stated that ua 1894 he operated on a patient \\ ith fibroma of the spleen 
He first made a left rectus iiicision, but because of the size of the tumor 
It was necessary to obtain greater exposure He accomplished this bj 
converting the incision into the shape of a U and then dividing the ribs 
from the eighth to the tenth laterally and their fused cartilages medially 
The resultant osteoplastic flap could be mobilized upnard In a second 
case, in Avhich there was a saicoma of the left side of the thoracic wall, 
he used a paracostal incision and dnaded the seventh costal cartilage 
near its attachment to the sternum and the eighth through the tenth 
nbs in the inidaxillary line MarAvedel used a paracostal incision and 
through this exposed and divided the seventh cartilage near the sternum 
and the ser'^enth, eighth and ninth ribs near the chondrocostal junction 
In 1906, Meyer employed a similar approach but made a right-angled 
incision Undoubtedly mobilization of the costal arch increases the 
exposure, but because of the increased extent and duration of operation 
Its use IS seldom justified iMoreoA^er, because of mobilization of the 
chest wall there is greater hkeliljood of postoperatnm morbidity 

Tianspleiaal Approach — Although Biondi,^^® in 1895, suggested 
the transpleural approach for resection of the cardia for malignant dis- 
ease of this portion of the esophagus, Gosset,’^® m 1903, advocated the 
transpleural approach for resection of the cardia for nonmalignant dis- 
ease of this area He performed this operation on cadavers and on 
animals The operation which he proposed and performed experi- 
mentally consisted of a side to side anastomosis between the dilated 
esophagus and the fundus of the stomach Meyer, m 1911, performed 
vagolysis of the esophagus transpleurally Because of a recurrence the 
following year, he performed a transpleural cardioplasty Henschen, 
working in Sauerbruch’s clinic, performed the first successful esophag^ 
gastrostomy by the transpleural route This case Avas subsequent y 


115 Kelling, G Technische Beitrage zur Chirurgie der Bauchhohle, Zentralbl 
f Chir 31 90, 1904 

116 Asthoewer Die Aufklappung des Rippenbogens zur Erleichterung o^r 

ativer Eingnffe im Hypochondnum und Zwerchfellkuppelraum, Zentralbl U" 


30 1257, 1903 

117 Mejer, W Osteoplastic Resection of the Costal ^rch in Order 

the Vault of the Diaphragm, J A M A 47 1069 (Oct 6) 1906 Meyer, ^ 
Osteoplastic Resection of the Costal Arch for Gunshot Wound of Sp een, ur„ , 
Gynec &. Obst 48 412, 1929 , 

118 Biondi, D Esofago-gastrostomia spenmentale intrathoracia, o 

(supp ) 1 964, 1895 rn iSfi -70 1936 

119 Henschen, m discussion on Frej,®®*^ Arch f khn Chir - > 
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referred to m Sauerbruch’s publication m 1918, reported an 

esophagogastrostomy performed by the transpleural route Sauerbruch 
popidanzed the transpleural approach for operations on the cardiac end 
of the esophagus The advantages of the transpleural approach are 
obvious, particularly since it facilitates exposure ot the cardiac end of 
le esophagus and the upper portion ot the stomach Tins is due to 
e upward arching of the diaphragm, which makes exposure of this 
por ion 0 t e digestive tract from the abdomen relati\el> difficult 
no er advantage of the transpleural approach is that it is possible 
1 ^ phrenic nerve at the time of the operation without 

y cu ty On the other hand, transpleural exposure of the lower 
esophagus is fraught wuth many dangers and is more compli- 
of th ^ ^ visual transabdominal approach The danger of infection 
mu ^ cavity, particularly if the esophageal mucosa is open, is 
on b danger of peritonitis Of 16 patients operated 

^^^^^Pl^ural approach, 5 died (31 2 per cent) \n additional 
patient had a pleural infection 

suffp- transthoracic and transabdominal approach was 

(liaplT ^ Ohsawa,^^ who designated it as a free trans- 

tlirou^^^h^^^ thoracolaparotomy The operation was performed 
^Mlla^ r ook-shaped incision beginning at the junction of the antenor 
the p^t seventh nb, crossing the level of the tenth nb at 

^ihat^h^^^^^ Hillary hne and terminating at the level of the sixth 
^ver a d The seventh and eighth ribs w^ere resected 

^fter the^ ^bout 7 cm, and the thoracic ca\it\ w^as entered 

^ncisi ^ ^^^pbagus had been mobilized, the abdomen was opened by 
tdly ^ diaphragm from the hiatus outward This approach undoubt- 
the rnav^ ^ a ^^cellent exposure, but it appears to us that because of 
lesions ^ procedure its use is hardly justified for benign 

botl 1923, proposed an extraserous approach expos- 

^hjcctions ^ thoracic and the abdominal cavity There are the same 
plimt/. I ^^P^ procedure as to the transpleural and the com- 

Operated majority of patients with achalasia who have been 

general anesthesia Finsterer,^^*- Fromine ® ''' and 
or advocated splanchnic analgesia combined w ith either local 

Pi'cfcrred ^^^sthesia South American and Spanish surgeons IiaAC 

''^sdone ^iialgesia Although one of our esophagogastrostomies 

^^^t spi Patient under general anesthesia w e are of the opinion 

^^^Igesia induced with properly administered nupcrcaine 

bo Footnotes 67 

pi ^ ^fe>eroo \on Haberer oio 
t’ootnotes 7l 


^od d' Frey Footnotes 84 a 
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out difficulty ^P-PORT or cases 

report oi 

, f A D a white woman 44 years o difficulty m 

Hu.ch.nso„ -SCS both 

swallownB Jtoh g J^rettLlernal pain, dyspnea 

this time she was tn . ^agia was assoaated with rer quanUties of 

hqmds and solids, and th ^ ^ learned that by drinking ^unng 

and smothenng aensafons She soon „d stram.ng 

“ater rap.dly .mmedsately =>'“ f ™/j„„n The eond.uon eonhnurf 

oipiration she ““ ** *““^ a gastrostomy became "'“““y ,ei,e,ed, but the 
enacerbahons ta„g.enage and ntas «™or>nly ^ 

poses She was about 20 pounds ( .crant Physical 

condition soon recurred history were not s ^ habitus 

past history, family history and socm or mental 

lamination revealed her ^th^o evidence of 

She was intelligent and P ^ respiratory . examination 

'V" je" r "str 

r'eTealed no gross abnormalities e-acepl ^„as The Wasserm^n readion 

per cent hemoglo in , mo-estion of 

with 68 pet cent neutrophils n„n of the esophagus after * 

Roclgeu J^»‘»-’^‘“°'“7;”alera marked dtlatatron of “’tenum 

barium sulfate (September ) only a sm esophagus 

with an apparent obstrucUon esophagoscope rev no 

rnckled through mto ^'/“targe duantrties of foul matenal 
markedly dilated and filled with large 

other organic change fte con- 

Progress -The pahent was treate discharged ^ow 

srrtcS":^ ^rs h^e f » - 

:Sd“mr»dry»” rer;Th pr- -- “fre^ttamed on prer- 

With mercury bougienage, wi condition was 

occasions August 1937, statmg ^ . dilatation and 

She returned to the hosp August 7 revealed 11 /f) 

much worse Roentgen studio at the ganghons was 

'““ristdltarproSme hydrochlor.de “ ^a'd fluororcop.c -am.na- 

rapid passage o^ the^bOT Y^c'^sTcrnd^ *ird 
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a similar procedure was performed on the right side The postoperatne course 
was uneventful, and the patient was able to swallow much better when she was 
discharged, on October 5 On September 21 roentgen examination following 
ingestion of a barium sulfate meal had revealed the esophagus as much dilated 
as before operation, but there was some improvement in the passage of banum 
through the cardia (fig 11 B) 

The patient was again observed in February 1938, and at this time her con- 
dition was apparentlv no better than it had been prior to operation She had 



i barm 1) — A^ roentgenogram of the esophagus following ingestion 

the meal, showing marked dilatation and tortuosity , witn o struc ion 

^^nutn of the esophagus and cardia after mgestion o 

,s sj,n approximate!} one month after s} mpathectomy The dilatatio 

'Slouch there is some improvement in the passage o t le 

a bar ^ Q roentgenogram of the esophagus and cardia a ttr , 

sulfate meal three jears after sympathectom} The dilatation and 

remain unchanged 
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gained no weight, and there was complete recurrence of the dysphagia She was 
again treated by mercury bougienage, with temporary improvement 

She returned to the hospital on July 16, 1940, and roentgen studies revealed the 
condition to be unchanged (fig 11 C) She is to return for esophagogastrostomy 

Case 2 — Mrs E S , a white woman 63 years of age, was admitted to Touro 
Infirmary on Aug 9, 1939, complaining chiefly of fulness and vomiting after 
eating small amounts of food This began thirty-three years previously, and 
progressively became worse until, at the time of admission, she had difficulty in 
swallowing fluids She occasionally had attacks of severe retrosternal pain asso- 
ciated with marked dyspnea Nine years previously she had been operated on 
and told that she had an inoperable carcinoma of the stomach For the past 
year she had been treated by mercury bougienage with little improvement She 
had lost a considerable amount of weight The past history, social history and 
family history were not significant 



Fig 12 (case 2) — Ay roentgenogram of the esophagus after ingestion of a 
barium sulfate meal, showing enormous dilatation and marked tortuosity of the 
esophagus, with obstruction at the cardia and practically no leakage of barium 
into the stomach B, roentgenogram of the esophagus following ingestion of barium 
sulfate meal after operation There is a distinct decrease in dilatation, and the 
barium mixture passes freely and rapidly into the stomach 


Physical examination revealed her to be fairly well developed She did not 
appear acutely ill She was intelligent, cooperative and cheerful The temperature, 
pulse rate and respiratory rate were normal The blood pressure was 120 systo ic 
and 80 diastolic Detailed physical examination revealed no gross abnormalities 
Special Tests — Urinalysis revealed a few pus cells The Wassermann reaction 
was negative The blood picture was normal The renal function test rcvea c 
no abnormality The electrocardiogram showed slight evidence of myocar la 
changes Roentgen studies following ingestion of a barium sulfate m^ rcvea c 
considerable dilatation and tortuosity of the esophagus There was e 
stnction of and obstruction to the passage of barium at the cardia (iff 
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Esophagoscopic study showed the esophagus to be markedly dilated and to contam 
a large quantity of foul material There were no other abnormalities, and the 
cardia could be entered readily 

Operation — After adequate preparation, on September 5, with nupercaine spinal 
analgesia through a left subcostal incision an esophagogastrostomy as described 
and illustrated m figures 8 to 10 was performed 

Progress — ^The postoperative course was uneventful, and the patient was on a 
regular diet within ten days after operation She was discharged on September 22, 
m excellent condition She had no difficulty in swallowing an} food 

The patient was observed on July 5, 1940, ten months aiter operation and 
w'as found to be in excellent condition She was able to eat ever}’thing with no 
difficulty and had been completely relieved of all pre\ious mamfestations She 
had gained 35 pounds (16 Kg ) Roentgen studies following ingestion of barium 



Pig 13 (case 3) — A, roentgenogram of the esophagus after ingestion oi ^ ^ 
ate meal, showing marked dilatation of the esophagus an cons ri 
^rdia. with htUe seepage of barium into the stomach B, f 

e esophagus after ingestion of barium sulfate after operation 
^^finite diminuuon m the size of the esophagus, and the banum flows read > 

stomach 


dilatation, which was less than tliat observed 
" ^hcre was rapid passage of the barium mixture through the cardia ( g 


Ho--'- — B B, a white boy 9 years of age, was admitted to 
He S r "h.efly of voni.t.ng 

^ egun to ha\e symptoms about one year preMOUsly, w stoontd in 

eaung a part of his meal he had the sensation Uiat i stoPP^^d^^ 

S *” r '...h Pam or naorea. Th. f”''",: „lk TK 

tart hi tatermtuem attacks during whidi he could suollon 
snd the tamily historv were not significant 


C-'SE 3- 
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Physical examniation revealed him to be slightly undernourished for his age 
but quiet, cheerful and cooperative There were no gross abnormalities The 
temperature, pulse rate and respiratory rate were normal The blood pressure 
was 105 systolic and 65 diastolic Detailed physical examination revealed no gross 
abnormalities 

Special Tests — Urinalysis showed no abnormalities The Wassermann reaction 
was negative and the blood picture normal Roentgen studies on Jul> 8 after a 
barium sulfate meal revealed marked dilatation of the esophagus with obstruction 
at the cardia and slight seepage of barium into the stomach (fig 13 -'d) The 
esophagoscope showed the esophagus markedly dilated and containing large quan- 
tities of foul material There was no other organic change, and passage through 
the cardia was easily done 

Progress — The patient was treated conservatively by mercury bougienage and 
antispasmodics for several months, with only slight temporar}" improvement After 
this he was discharged but returned to the hospital on j\Iay 9 in a wor^e condition, 
and it was decided that an operation was necessary Accordingly, after necessary 
praparation, on July 11, 1940, with general inhalation anesthesia, through a left 
subcostal incision an esophagogastrostomy was performed as described and illus- 
trated in figures 8 to 10 The postoperative course was uneventful One week 
after operation he was swallowing all liquids normally and within another Aveek 
he was on a regular diet He had no complaints and was discharged on July 26 
Roentgenologic studies following ingestion of barium sulfate on July 23 had revealed 
a distinct decrease in the dilatation of the esophagus and free and rapid passage of 
the barium mixture into the stomach (fig 13^) 

The patient was again observed on August 10 and was found to be ui excellent 
condition, with complete relief of all previous manifestations 


SUMMARY 

The various factors winch have been considered of pathogenic sig** 
nificance in the development of achalasia of the esophagus are briefly 
reviewed 

The various types of radical procedures which have been advocated 
and employed are classified into four large groups, depending on 
whether they are directed at (1) the dilated esophagus, (2) the cardia, 
(3) the diaphragm or (4) the nerve supply A brief historical con- 
sideration of each procedure is presented The various operations are 
described and illustrated, and the collected cases are analyzed 

The procedures directed at the dilated esophagus and based on an 
attempt to reduce the size of circumference by esophagoplication are 
irrational and are considered of historical interest only 

Four types of procedures have been directed at the cardia (1) dila- 
tion, (2) plastic operation, (3) excision, and (4) deviation 

Dilation of the cardia has been done by retrograde bougienage and 
transgastncally by instruments or fingers In 80 cases collected from t le 
literature in which the latter procedure w^as used 7 (8 9 per cen ; 
patients died and 8 (101 per cent) operations were failures 
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The plastic procedures consist of extramucous cardiomyotomy or 
cardioplasty In 104 collected cases in which the former was employed 
there were 4 deaths and 14 recurrences In 36 cases in which the latter 
was used there was 1 death and 1 recurrence 

Exasion of the cardia followed by esophagogastrostomy has been 
done in 2 cases, in 1 of which the patient recovered Such a radical 
procedure, in our opinion, is justified only in the presence of a malig- 
nant tumor 

Of the various procedures directed at the cardia, esophagogastrostomy 
IS considered the most rational This may be performed either by side 
to side anastomosis betyveen the esophagus and the fundus of the 
stomach or, preferably, by an anastomosis, similar to the Finne} gabtro- 
duodenostomy, winch obviates the cardiac spur in the esophagus and 
thus creates a wider opening between the esophagus and the stomach 
In 88 cases collected from the literature in which esophagogastrostomy 
performed there were 5 deaths (6 6 per cent) and only 1 poor 
result 

Operations directed at the diaphragm consist of phrenotomy and 
mobilization of the esophagus downward In 21 collected cases in yvhich 
these measures were used there were no deaths, and the results were 
stated as good in 12 (57 1 per cent), showing improvement in 3 (14 3 
P^r cent) and failures in 6 (28 5 per cent) 

The procedures directed at the nerve supply may be classified into 
those attacking the vagus nerves and those attacking the sympathetic 
nervous system In 11 collected cases in which operations of the former 
were done, 3 patients died, 7 recurrences were observed and onlv 
I satisfactory result was recorded In 19 collected cases m which 
operations of the latter type were done there were 1 death due to pen 
^omtis and 1 to suicide There was recurrence in 4 cases, and parti 
mprovement was observed m 4 

Three cases are reported by us An esophagogastrostomy was done 
with excellent results A sympathectomy was performed m the 
With recurrence 



SURGICAL TREATMENT OF CARCINOMA 
OF THE ESOPHAGUS 

JOHN H GARLOCK, MD 

NEW YORK 


The importance of carcinoma of the esophagus becomes evident when 
It is realized that in New York city alone it accounts for 3 5 per cent 
of all deaths from cancer (Watson) In the United States registration 
area the incidence of cancer of the esophagus increased almost 100 per 
cent from 1915 to 1932 Clairmont, m 1924, estimated that about 25,000 
persons die of this disease annually in Europe With the reahzation that 
cancer of the esophagus is assuming increasing importance from the 
standpoint of numerical incidence and with the rapid strides being made 
in the fields of anesthesia and thoracic surgery has come an ever increas- 
ing interest in the radical surgical treatment of this disease, based on 
the present day conception of surgical treatment of cancer in general It 
IS, however, only in recent years that encouraging progress has been 
noted Although at present operative treatment of cancer of the esoph- 
agus IS being carried out by a relatively small group of surgeons, it is 
my prediction that within a very few years such treatment will be the 
accepted method of handling this disease and will be universally adopted 


It must be remembered that, from the pathologic standpoint, cara- 
noma of the esophagus is usually a slowly growing tumor and that it 
remains a local disease for some time before metastasizing to the regional 
lymph nodes However, although it may not spread peripherally until 
late, it may become locally inoperable in the early stages because of 
fixation to a nearby vital structure, such as the aorta or a bronchus The 
importance of diagnosis early m the disease needs little discussion More 
rapid advance in the surgical treatment of cancer of the esophagus will 
be made when increasing numbers of early lesions are referred to the 
surgeon It is important to stress, therefore, that the physician must 
regard with suspicion any disturbance in the act of swallowing m a 
patient past 35 or 40 years of age Persistent dysphagia calls for care- 
ful roentgen examination In cases of early involvement the roentgeno- 


gram may reveal nothing abnormal, especially if the ordinary barium 
sulfate mixture is used If a heavier mixture of barium is employed, the 
mucosal pattern of the esophagus will be more accurately depicted, and 


an early lesion will be more easily demonstrated Roentgen examina 
tion should include fluoroscopic observations ot the activity of the 
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esophagus during the act of swallowing the mixture of barium Fixa- 
tion of a portion of the esophageal wall, such as would occur in the 
presence of a tumor, would be an important diagnostic point This 
examination should be supplemented by esophagoscopy The purpose 
of this examination is to determine the presence of a neoplasm, to note 
its gross appearance, to obtain a biopsy specimen of the tumor and to 
localize the position of the growth with reference to the distance from 
the upper incisor teeth The last-mentioned point is ot importance 
because it helps the surgeon to decide which type of operation should be 
undertaken No patient should be subjected to radical operation unless 
positive results have been obtained for biopsy 


Until recent years the diagnosis of cancer of the esophagus was 
frequently made late in the disease, too late for surgical treatment, and 
such a diagnosis was synonymous with a fatal prognosis The accepted 
method of treatment was by radiation (roentgen and radium), supple 
mented usually by gastrostomy An enormous experience with these 
modalities has acciunulated throughout the world, and critical survey 
of the results is possible It is fair to state that the results of radiation 
therapy for cancer of the esophagus have been universally disappointing 
Of the vast number of patients treated by these methods, approximate y 
20 are said to be cured, and the cure of many of these is open to ques 
hon, either because the follow-up period has been too short or because 
histologic evidence of the presence of carcinoma has been incomp ete o 
mconclusive That radiation therapy, whether by local use of ra lum ' 

external irradiation, is not without considerable danger is in ^ 

Ihe numerous reports of perforation of the esophagus wit 
niediastmitis In a fairly large experience with this disease, lave 
«^er seen a case in which radiation therapy has prolonged i ^ > 

^ c period of the usual life history of the disease, provi ^ ^ ^ Rnllivet 

^<^my has been performed for feeding purposes Ricar an 
^Ostalhzed the general opinion among surgeons today lesions 

'i »rgeo„s had a chance lo resect the large nantber of 
"ow being referred to radiologists, their results would e u 
Her tlian any the radiologists have been able to repor 
Unfortunately, many patients, with cancer of the j,sea.ts 

« sixth and seventh decades of life and associated attempt at 

! ® heart, kidneys and blood vessels may preen ^ ^ patient 

ini'*^ ^“'’S'cal therapy It would be foolhardy e mnction- 

seventies, with a poor heart, arteriosclerosis an P 
S Sidneys, to the hazards of so extensive a condition n J 

■"any patients in these age groups are m e-celluH ^ 

'^'ous '""f ^Eadf clc should be judged on 

^se IS a noteworthy example bacn 
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ment of the patfem tL JI '? “ fc physical c,.^ 

cooperative problem invSvm? ."““f' “»”■>» 

the esophagoscopist/the anesthetist °thl ti' P'>ysna», 

room personnel ’ cursing staff and the operating 


PREOPERATIVE PREPARATION 

risk orthToVe?n^f°^^^"*^ prepare the patient thoroughly, so that the 
to oral hvLX minimized Careful attenPon 

incident to nrnln n ^ possibility of pulmonary complicato 
lune Carm^ olonged anesthesia and manipulation of the lobes of the 
A hip-h rp?n lould be extracted and the gums and teeth deansei 

should h '-'^^taining the necessary vitamins and mineral 

flinHc oU ^ ^ combat dehydration, which is frequently present, 

of nnn j by venoclysis as well as by mouth A daily intake 
b ^ A transfusion of 500 cc of whole blood should 

^ ^3 or tAvo prior to operation As the surface of the caranoma 
sh ^ covered with highly infectious organisms, every effort 

on e made to decrease the virulence and number of these bactena 
o as to minimize the possibility of mediastinal or pleural infection I 
mve approached this problem in two ways As a result of a study of the 
va ue of preoperative administration of sulfanilamide in surgical treat 
ment of the colon (with bactenologic controls), I have routinely adinin 
istered sulfanilamide to patients with cancer of the esophagus for sevent) 
two hours prior to operation, m 15 gram (097 Gm ) doses every four 
aours A large experience with these lesions will be the deciding factor 
m determining the efficacy of this drug as a prophylactic medicament I 
cannot agree with the findings of Bricker and Graham that preoperatiw 
administration of this drug interferes with wound healing The onl) 
objection to its use that has been encountered, and it is a minor one, 

IS that the cyanosis produced by the drug may upset the anestlietb|5 
estimation of the amount of oxygen required in administration of t 
anesthesia 


The second line of attack against the bacterial flora of the uloratc^ 
neoplasm consists of mechanical cleansing of the esophagus by 
irrigation A Levine tube is passed to a point just above the iicopa-^^ 
and through it warm salme or boric acid solution is fluslied p^^ ^ 
growth If a gastrostomy is present, the washings u iH emerge 
the stomach If no gastrostomy has been performed, the uashiHc,:?^ 
either pass into the stomach or may be siphoned back It the^t 
tions are repeated daily for four or five days prior to optrat/^ 
material change in the appearance of the ulcerating suriace ot 
plasm will be noted 
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A few authors have stressed the importance of pneumothorax before 
the operation in order to accustom the lung to the positive intrapleural 
pressure which takes place at the time of operation I have never seen 
the need for this and have relied on my anesthetist to maintain varying 
degrees of positive intrapulmonary pressure However, I can see no 
objection to preoperative pneumothorax provided diat operation is not 
delayed too long I do not subscribe to the recommendations of a few 
writers that the phrenic nerve be crushed either prior to or during the 
operation Paralysis of the diaphragm adds another burden to an already 
handicapped patient in his effort to obtain maximum pulmonary 
ventilation 

GASTROSTOMY 

If the neoplasm is located in the upper two thirds ot the esophagus, 
a preliminary gastrostomy will be indicated ^ Ten to fourteen days should 
elapse before resection of the organ is carried out During this time, 
high caloric feedings containing all vitamins and mmerals should be 
given through the gastrostomy opening Marked improvement m the 
patient s general condition may be noted during this preparatory period, 
and there may be an appreciable gain in weight The type of gastros- 
tomy performed should be one that insures permanent patency at the 
cutaneous surface and one that is large enough to admit a no 28 or a 
no 30 French catheter The Janeway gastrostomy meets these require- 
ments but has the serious objection of frequent regurgitation of gastric 
contents through the opening The valve gastrostomy descnbed recently 
by Spivack apparently overcomes this deficiency This procedure at 
present is the operation of choice 

If the carcinoma is located in the distal third of the organ, preliminary 
gastrostomy should not be carried out, because the presence of a gastros- 
seriously interfere with the performance of an intrathoracic 

do ^ I have changed the plan of procedure just descnbed This was 

ne in order to obviate regurgitation of gastric contents through the gastrostoni> 
<5pcning, which occurs even with the Spivack valvular gastrostomy If the patient 
fairly good condition, a preliminary gastrostomy is not performed Instead, 
uring the thoracic part of the operation, the lower portion of the esophagus is 
stiVl ^bout 2 inches (5 cm ) above the cardia, and this lower 2 inch segment, 
attached to the stomach, is dissected from the mediastinum and pushed into 
abdomen (It IS co\ered with a rubber envelope to prevent contaminaUon ) 
^onipletion of the thoracic procedure, the abdomen is opened through a small 
the incision and the esophageal stump is brought out at the upper angle oi 

the sewn to tlie skin to form an esophagostomy opening In this wa^ 

*^c^ianism of the cardia is prcser\ed and no leakage of gastnc contents 
ake place. Another ad\antage of this new procedure is that tlie subsequent 
tati^ csophagoplasty may be completed m one stage without fear of rcgurgi- 

On of acid gastnc secretion, which ordinarilv causes digestion of the skin lined 
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and the esophagus, tlie operauonot 
^ble wl,etl,er a je ^^510 w ! -t-sque* 

However, an occaiZ t ^ '''' plrp.,, 

miprove the general conflict O’^y require such a procedure la order (o 
lot el of the umbf “ i’ " “cessary, an lacis, on atfc 
litc field ol 1^ 1 ? 7 '""'Z “ “«<!, m order to ™„.,e 

the abdomen ^ " ‘''® f™"’ "PI*r P" « 


ANESTHESIA 

and pf-hvl combination of avertin with aai^lene Judrate 

Ethvlpnp ^*^fi opcopane anesthesia has been most satisfactop 

],a.j.j ^ irritating of the inhalation anesthetics and cauHj 

thp T I ^ 1 ^ atory depression The only objection to its use is llial 
cmitery cannot be used to divide the esophagus duniig tlie 
ion owever, its many advantages far outweigh this ininyr 
mTOiivemence The anesthetic agent must be administered with varuiij 
efc,rees o positive pressure during the operation to influence the extent 
o m ation of the lung Complete collapse of the lung should not h; 
permitted to take place at any time during the operative procedure 
uring the course of the operation, perhaps every ten minutes, it i' 
a visable to have the anesthetist expand the lung by increasing the pre^ 
sure of the anesthetic gas Any circulatory or respiratorv depression 
t lat may have occurred is quickly overcome It is important that tk 
services of a competent anesthetist be obtained The incidence ot post 


operative pulmonary complications depends m large measure on the skill 
of administration of the anesthetic agent 

A number of authors recommend intratracheal anesthesia, statni-. 
that the degree of inflation of the lungs can be more accurately controlkl 
by this method I have felt that the trauma of intubating the traclua m 
these frequently debilitated patients may well be a factor in the deultp 
ment of pulmonary complications and have therefore had no expcnsiis 
with this method for esophagectomy The results with ordinarj posin' 


pressure anesthesia have been satisfactory 

It has seemed convenient, in discussing the operative treatin'-”' 
carcinoma of the esophagus, to divide the organ into thirds I hi- ”!l 
third, extending from the hypopharynx to the arch of the aorta, pA ^ ^ 
an altogether different surgical problem from that eiicountertt 
middle and lower thirds The middle third of the organ e\iei” ’ ^ 

the arch of the aorta to a point about 34 to 36 cm troni the 
teeth The length of this portion of the esophagus varies s<ni”-'' ^ , 
the height of the patient The lower third extends to the 
becomes apparent that it is important for the esophagoscopt ^ 
accurately the position of the neoplasm with respect to the di^ a ^ 
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the upper incisor teeth This information 
which operative procedure he will choose 


helps the surgeon to decide 


CARCINOMA OF THE UPPER THIRD OF THE ESOPHAGUS 

suofa'^Ifr?,! hypopharyngeal, cervical and 

oZn<r ^1 esophagus has been a difficult problem, 

overLkeT^ 1 ° situations are frequently 

the wall nf surgeon when growth has taken place beyond 

nf H ^ the organ When the tumor is located m the cervical portion 
nf ,n^ 7 ^“’ procedure employed will depend on the extent 

siirh^a ^'^^ent 0 the esophagus itself and also of neighboring structures, 
as the larynx Small tumors may be removed through lateral 
sop agotomy, with preservation of part of the circumference of the 
esophageal wall Healing takes place by granulation with subsequent 
I require dilations If the larynx is involved also, 

ryngec omy in addition to cervical esophagectomy is indicated This 
f permanent tracheotomy m the suprasternal notch and 
rpr. plastic reconstruction of the esophagus by the use of sliding 

the ^^P® (method of Eggers) In most of the reported cases 

giona ymph nodes have been excised, but in most instances they 
were found uninvolved 


can T supra-aortic portion of the esophagus ib involved by 
mn l^l^e trachea or to the mam bronchus of the left lung 

ad ^ H ^ course of the disease For this reason, King 

vise that bronchoscopy be performed preoperatively in order to 
1 c u e such invasion Infiltration of the left recurrent nerve is a not 
finding Successful rejections for cancer in this situation 
in ve een few Kuttner freed a growth at the level of the clavicles and 
lower stump, packing off the upper mediastinum 
th ^^Posed this region by removing the manubrium, portions of 

descrb^T^^ Sauerbruch 

dis^^* ed a right anterior upper thoracic approach The region under 

incdmst^^^ effectively exposed by an upper posterior 


CXRCINOMA OF THE MIDDLE THIRD OF THE ESOPHAGUS 


„ ^ number of operations have been reported for malignant 

by T ^ portion of the esophagus, the procedure described 

stood the test of time and experience I have modified 
fue respects in order to simplify the steps and shorten the opera- 
Qf *nie The operation is based on the sound surgical principles 
^Quate exposure, free vision of the operatne field and radical 
ision of the cancer-bearing focus with the associated lymph nodcb 
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0 the esophagus, perform an end H ^ tfaoracic pan 

aclory union and continuity of the v'iLs” Th“““ ‘“"‘ 

1 In order to effect a rnH,ri) , for this are 

wouJd necessarily be removed to™™ ' 

great tension at the sub^Tuent sZlZ^'T^ T 

of peritoneal covering which ,c ^ esophagus is deioid 

The longitudinal muscle fiber-; satisfactory healing J 

strong a pull that any type of anastomT“"'^'”^ tf esophagus exert 

should be'^carried Jiut 
avoid unnecessarv 2l 

with blood Th,^ Prevent infiltration of the mediashmim 

should be hanHJ.!i hemostasis The lobes of the lung 

not to traumTfi 7 /a ?®ritly as possible, and care should he exerased 

precaut.“rh 4 re ert''’;^ 

r)u . effect of diminishing operative shock 

head restin ^ The patient is placed on his right side inth Ihe 

of the onerft the abducted right arm and his back close to the edge 
placed ap-a ^ elevated One or two sandbags 

from rnii ^ anterior region of the chest will prevent the patient 

tion of th^^V operating table After the usual prepara 

the chc 1 - patient is draped in such a way as to leave exposed 

Th ^ ^ ^ apper part of the abdomen and the left shoulder and ami 

^ incision begins in the seventh interspace in the midclaucubi 
spac ^fi ^^^tinued posteriorly along the course of the seventh inter 
£ , ^ I It IS then earned upward between the vertebral Iwrdfr 

o tne scapula and the spine as far as the third rib The thoracic ni«^ 
u a ure is divided in the line of the cutaneous incision All bleeding 
oin s are carefully ligated before the thoracic cavity is entered bi 
in the seventh interspace, dividing the parietal pleura 
wi e intercostal muscles The seventh, sixth, fifth and fourth n ; 
sre quickly divided near the vertebral transverse processes, and d 
intercostal vessels are ligated with hemostatic sutures A nb sprev rt 
IS inserted, affording a clear view of the left thoracic cavity Ihc h’ 
o t e lung usually collapse when the chest is opened, but complete e ^ 
lapse should not be permitted to take place The arch and the de-cepi ^ , 
aorta stand out in sharp relief The esophagus lies to the right oi i' 
aorta, in the mediastinum 

A vertical inasion is made in the mediastinal pleura from tin. n ^ 
sur ace of the aortic arch down to the diaphragm (fig 2) Idt^l 
edges are dissected away from the underlying esophagus It i^ ' 
cult to free the esophagus bluntly throughout its circuniiertri.<.^ 
point A tape is placed around the organ at this site, an- 
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pennits the surgeon to tree the esophagus throughout its extent (fig 3 ) 
It IS important to ligate the few small esophageal arteries rising from 
the aorta and to divide the small branches of the vagus nerve If 






Fig 1 — Incision is made m the seventh interspace, starting in the inidclavicular 
line and carried posteriorly It extends upward between the vertebral border 
of the scapula and the spinal column The seventh, sixth, fifth and fourth nbs 
are diMded about 1 inch (2 5 cm) lateral to the transverse vertebral processes 



Fig 2 — incision is made in tlie infra-aortic mediastinal pleura, 
the aorti, m order to expose the esophagus 

IS exercised m ligating all small vessels, tliere will be surprising!} 
bltlc loss of blood The phrenic ne^^ e is pushed to one side an usua } 
t'tnnins out of the field of operation 
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apex- of tKot'a^ 
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Unless the neoplasm is hopelessly attached to the aorta, the operation 
should be continued Not infrequently the tumor may be fixed to the 
mediastinal pleura on the right side In my first case this complication 
was present It was found necessary to excise a piece of the right pleura 
together with the tumor in order to effect a radical removal This 
resulted in a bilateral pneumothorax, but the effect on the patient was 
barely discernible The opening in the pleura was packed and later 
closed with a running stitch of catgut 

An incision is made in the mediastinal pleura above the arch of the 
aorta and is extended as far as the apex of the thorax (fig 4) Pleural 
flaps are fashioned, and the underlying esophagus is freed from its sur- 
rounding attachments by careful finger dissection The most shocking 
part of the operation occurs when the esophagus is separated from the 
posterior surface of the aortic arch This maneuver must be executed 
with great care and with as little trauma as possible The next step 
consists of division of the esophagus with the phenol cautery between 
heavy silk ligatures about 1 inch (2 5 cm ) above the diaphragm The 
distal end is inverted into the stomach with two purse string sutures ot 
silk This may be reenforced by a layer of mattress sutures of chromic 
catgut The esophagus is again divided between heavy silk ligatures 
above the neoplasm, and the tumor-bearing portion is removed (fig 4) 
This is an important modification of the original Torek technic Removal 
of the tumor immediately eliminates the infected portion of the esophagus 
and decreases greatly the possibility of contamination of the pleural 
cavity It also obviates dragging the tumor-bearing area through the 
thoracic aperture into the cervical wound 

In order to avoid further the possibility of pleural contamination, 
which ^^ould occur if the silk ligature accidentally slipped oft the 
esophageal stump, a rubber condom is placed over the end of the organ 
and se\vn into place with a few fine silk sutures Another heavy silk 
hgature tied securely about the condom gives added security 

The remaining segment of esophagus is brought to a position above 
the aortic arch by means of a curved clamp placed from above downward 
behind the arch and grasping the ligature surrounding the cut end 
of the organ (fig 5) 

'^ftcr the esophageal stump has been brought to he abo\e the aortic 
^rch, blunt dissection is continued into the root of the neck The rubber- 
co\crcd remains of the esophagus are then pubhed upward into the 
and the mediastinal pleura abo\e the arch ot the aorta is sutured 
lo hold the organ in place (fig 6) The mediastinal pleura below the 
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op suRCBPy 
subclavian A 


end oe. esopKa 
‘^ovei/ed 
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oiacic aorta 


/purse string 
, irivet*5iori of 
ctici of 
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sutured t^the^ ^ 

portion f stomach The merf '"'^ll The distal end of the esoplugu 

of the esophagus is brouirhft^T^^ ^he mfra aortu 

“^ot to he above the arch 
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arch should be left open Free drainage of the cellular tissues in the 
mediastinum is important, and this can be obtained by not suturing 
the pleural flaps 

It IS important, especially when the mediastinmn is left open, to 
dram the thoracic cavity Many mtrathoracic complications may develop, 
and It IS a comfort to have a vent for the first five or six days For this 
purpose a stab wound is made posteriorly m one of the lower inter- 
costal spaces, and a medium-sized soft rubber tube is inserted This 
should be fastened to the chest wall by means of a suture passed 
through a cuff When the patient is returned to bed, the outer end 
of the tube should be placed under uater in a bottle beside the bed, 
insuring a closed system 

The thoracic wound is now ready for closure The ribs are approxi- 
mated by passing heav)" chromic gut sutures around the se\enth and 
eighth ribs The divided thoracic musculature is next repaired with 
interrupted sutures of plain catgut, and the skin is closed in the usual 
way After the dressing is applied and the chest securely strapped, 
the anesthetist should inflate the lungs until air bubbles no longer appear 

the outer end of the intercostal tube, which has been placed m a basin 
of water 

The patient is then turned on his back The neck and the anterior 
region of the chest are exposed and prepared A complete clean instru- 
ment tray should be at hand for this stage Gowns and glo\es should 
e changed An incision is made along the anterior edge of the left 
sternocleidomastoid muscle This structure and the great vessels are 
retracted externally The lateral thyroid vein is ligated and divided, 
^nd the lobe of the thyroid is retracted mesially (fig 7) The cervical 
portion of the esophagus is easily identified and dissected free A blunt 
^ IS placed beneath it, and traction draws the remaining portion 
^nt of the root of the neck (fig 7) A subcutaneous channel iy 2 inches 
(3 7 cm) 111 width is made, extending from the lower end of the cervical 
mcision down to a point on the left side opposite the second nb (fig S) 
transverse incision inches in length is made at this site and the 
esophagus is drawni through this tunnel It is wise to have the esophagus 
I roject be}ond this incision for an inch or two, becaubC some nccro^i^ 
die end of the organ may take place The esophageal wall is sutured 
the cutaneous incision with interrupted silk stitches The cerMcal 
^^eisioii lb closed iir tight, and a dressing ib applied (iig 9) 
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V uoul 01 warnnig about the blood supply of the esophageal stop 
lb m urclci i liib portion oi the organ receives its nutrition from brandio. 
ot the inknor tluroicl arttrv It is important, therefore, in conducbng 
the eervK.il pan ot the operation, not to compromise the integnty of 



Fig 7 — Second stage of the operation The cervical portion of the ^ . 

IS exposed, and the end of tlie organ, cor ered by the rubber envelope, as in 
in the dotted lines, is drawn out of the wound 



' Fig 8 — A subcutaneous channel is made, extending from 
the cervical incision to about the region of the second n 


the low^r crii “ 


nf the cerrical 

this vessel This requires careful retraction 
accurate hemostasis and the avoidance ot roug ^ pc 

The best insurance against shock on the techu*'-’ ' 

operatively, besides the already mentioned operated J 

a transfusion during the operation To every p oper3^'^= 
me a transfusion of whole blood has been given on 
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followed by a continuous intravenous drip of 5 per cent dextrose m 
sa me solution The latter should be continued postoperatively for two 
or three days If the patient is elderly, edema of the lungs may develop 
It too much fluid is given by this method The drip mechanism may be 
so regulated as to deliver to the patient between 2,000 and 3 000 cc 
of fluid in twenty-four hours 

\\ hen the patient is returned to bed, he should be placed in a semi- 
recimibent position The Gatch bed is ideal for this purpose Measures 
s lou d be instituted to combat shock Although hypodermic medi- 
cation, stimulating enemas and external heat have undoubted value, 
t e most effective remedy is a transfusion of whole blood Sufficient 
morphine should be given to relieve pain In recent cases I have placed 
tie patient m an oxygen tent immediately after operation, and the 
patients so treated apparently have had less difficulty with breathing 



incision IS 


su urcd to the wall of the esophagus with interrupted stitches of fine silk 

igures 5 to 9 have been published previously (InternaL Clin, vol 1) and arc 
reproduced by permission of the editors 


fewer pulmonary complications If inversion of the esophageal 
stump into the stomach has been satisfactory, fluid may be gi\en by 
gastrostomy tube If inversion has not been satisfactor}'', it is wise 
to delay gastrostomy feeding until the sivth or se\enth day Regular 
^ lugs should be given as soon as the general condition of the patient 

permits 

The care of the esophageal stump is important Beginning on the 
second dav, the patient should be encouraged to s\\iIlo\\ fluids, which 
uuist be caught in a basin Ihis cleanses the esophagus and helps to 
restore the act of deglutition It is important to maintain good oral 

gJcnc, and toward this end patients should be encouraged to chew 
gum 
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Tlie intrathoiactc. bUuation must be watched closely and may give the 
surgeon eoneern during the first week Some indication ot what is 
going on within the chest may be obtained from the temperature, tlie 
pulse rate, physical signs, roentgen examination of the chest and tlie 
amount and character ol the material drained through the intercostal 
tube If there is no dyspnea, if the temperature, pulse and physical 
signs are within normal limits and if the drainage diminishes each dat, 
the tube may be removed permanently If roentgen examination and the 
clinical course indicate the presence of empyema, surgical drainage 
w ill be indicated It is important not to delay this step too long, because 
these patients, in view of their precarious condition, cannot stand infec 
tion for long 

The character ot the material draining through the intercostal tube 
will indicate the progress of the intrathoracic situation During tlie first 
two day's the drainage is frankly' sanguineous After this 
gradually assumes a lighter color and decreases m amount until a ^ 
the seventh or eighth day', w'hen it usually stops completely The tu 

may be removed soon afterward 

As soon as the patient’s condition w'arrants it, usually a out 
end of the second week, the continuity of the esophagus sio 
established by inserting a rubber tube into the upper fistu ^ ^ . 

necting it with the gastrostomy tube The tube is held m 
carrying a tape around the patient’s neck and attacliing it o 
pm which IS inserted transversely into a rubber cuff p 
tube about 2 inches (5 cm ) below its upper end 
encouraged to take all nounsliment by mouth In or er 
solid food, he must thoroughly masticate it and mix it , tlirougl’ 
than does the normal person, so that it will descend ^ jobber 

the tube into the stomach It is hardly necessary to a 
esophagus should be removed frequently and cleanse hospital 

The care of the patient subsequent to his discharge {ybmg 

IS chiefly that of experimenting with various sizes Leakage 

until the rubber esophagus fits snugly into the st a a tbi 

of ingested fluid from the upper end may be o 
patient compress the orifice against the rubber tu ^Qj^yalejceiK^^* 

If infection has not been a major issue m the ^ gain 

rapid improvement will be noted There will usua y fjjtuh 

weight and strength The question of connecting t e shouM 

and the gastrostomy opening by an antethoracic canct-i" 

not be considered until there is reasonable assurance elap 

been eradicated In most instances at least two 
before such reconstructive work can be undert en jhe 

It has been my experience that tumors oca teclmio^ c’l 

of the aorta and the left main bronchus offer teg 
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Acuities Fixation of the esophageal wall to either structure takes place 
early Even though this fixation may be inflammatory m origin and 
not due to direct neoplastic extension, actual separation of the structures 
from each other constitutes a formidable and difficult procedure 
Because it is impossible accurately to differentiate mflammatory from 
neoplastic fixation, the surgeon should not abandon the lesion as 
inoperable and should make every effort to separate the structures At 
the same time, I must admit that the highest recurrence rate will be 
found m this particular group of cases In the next case of this type 
that presents itself, I plan to insert radium at the time of operation 
m the hope of eradicating any remaining cancer cells I have operated 
on 3 patients with carcinoma m this unfavorable location One died 
of a recurrence in the supenor mediastinum a little over two years 
later , the second succumbed to local recurrence and generalized meta- 
Stases one year later, and the third is alive six months after operation 

Discussion of this subject is not complete unless mention is made 
of the so-called "^pull-through’* operation described by Denk and 
popularized by Turner This consists of a blind tunneling out of the 
thoracic portion of the esophagus by the combined abdominocervical 
route My objection to this operation is that it is a blind procedure 
and that the surgeon has no way of telling whether the lesion is operable 
except by the sense of touch The chance of injury of adjacent struc- 
tures IS obviously very real In fact, Turner himself, the operation’s 
greatest proponent, discussed with some misgivings his difficulties, such 
as tearing of the growth, injury to the pleura and postoperative hemor- 
rhage It seems to me that adequate exposure with direct vision of 
the field of operation is a sine qua non for radical surgical treatment of 
cancer 

A number of surgeons, notably Abel, Lotheissen, O’Shaughnessy 
and Ricard and Ballivet, have recommended a transpleural approach 
on the nght side, claiming that the operation is technically easier In 
order to expose the esophagus completely by this route it is necessary to 
hgate and divide the azygos vein I have practiced this operation on 
the cadaver and am not convinced that it is easier than the transpleural 
operation on the left already described I agree with Torek that the 
hver, diaphragm and pericardium interfere with adequate removal of 
the esophagus below the growth and render satisfactory inversion of 
the lower end into the stomach very difficult 

^(^f'ciuoiua of the Lower Third of the Esophagus — From the patho- 
logic standpoint, cancers originating in the cardiac end of the stomach 
secondarily involving the lower portion of the esophagus, that is, 
^ideuocarcmomas, should not be classed with tlie neoplasms originating 
*n the esophagus itself, namely, the squamous cell tumors The direction 
® b^nphatic spread is quite different m each instance Cancers 
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onginatiiig at iht L.irdia spread tu the gastrohepatic omentum and to 
the liver as well as tu tlu mediastinum, often in the early stages of the 
disease, w Inie esophageal tumors rarely extend to the lymph nodes below 
the diaphragm and remain purely local for some time It will be seen, 
iherelore, that carcinomas which arise from the esophageal mucosa will 
lie more olten amenable to resection However, the same operation is 
applicable to cardial carcinomas, if preliminary abdommal exploration 
indicates operability' 

When the growth is located m the distal third of the organ, ever)' 
elTort should be made to reestablish continuity of the esophagus and the 
stomach by some form of anastomosis The decision to elect this opera 
tive plan will rest on three factors (1) an accurate interpretation of 
the extent and location of the growth in the roentgenogram, (2) histo- 
logic examination of the biopsy specimen (squamous cell caranonia), 
and ( 3 ) the distance between the upper masor teeth and the upper level 
of the tumor as determined by the esophagoscopist Any tumor locat^ 
38 cm or more from the upper incisor teeth may be considered suitahe 
for this operation, all other factors being equal 

For this type of lesion I do not recommend preliminary gastrostoni), 
because the adhesions in the upper part of the abdomen produced there y 
will seriously hamper the surgeon in mobilizing the stomach If 
liminary jej unostomy for feeding purposes is necessary, it is sugg 
that it be placed below the umbilicus 

All the evidence to date indicates that transthoraac resection^ 
esophagogastrostomy in one stage is the procedure of 
emoma of the lower part of the esophagus It is based on 
surgical principles of free exposure, mobilization of the focit, 

preservation of blood supply, radical exasion of the cancer 
with its associated lymph nodes and physiologic restoration o 
gastric continuity by a layer suture anastomosis . i, nd Fischcf 
The operation, a modification of the ongmal Sauer me ^^a ^ ^^^^,51011 
procedure, consists of a transthoraac approach on the 
of the diaphragm, mobilization of the upper two thir s 
resection of the tumor-bearing area, performance 0 oi 

anastomosis between the end of the esophagus an t e tl’v 

the stomach in two layers and telescoping of the iriana^'' 

stomach by drawing the latter organ upward m on iF 

around the esophagus in order to minimize any P 
suture line ^5 foilv-'’ 

Operative Techmc — ^The details of the resting^'’ 'I'' 

The patient is placed on his right side with t ^ ^ g^peratiug ^ 
abducted right arm and his back close to the e axifh'’' 


The incision begins m the eighth interspace in 
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and IS curved posteriorly, extending upward bet^veen the spine and the 
vertebral border of the scapula as far as the fourth nb (fig 10) The 
thoracic musculature is divided in the line of the cutaneous inasion All 
bleeding points are carefully ligated before the thoracic cavity is entered 
An incision is made in the eighth interspace, dividing the parietal pleura 
with the intercostal muscles The eighth, seventh, sixth and fifth nbs 
are quickly divided near the spine, and the intercostal vessels are ligated 
with hemostatic sutures Use of a nb spreader gives excellent exposure 
of the left side of the thoracic cavity The inferior pulmonary ligament 
is divided, permitting collapse of the lower lobe Complete pulmonary 
collapse should not be permitted to take place This can be controlled 
by the anesthetist 

The growth is then palpated Intimate fixation to the aorta or to 
the vertebral column renders the lesion inoperable A vertical incision 
is made in the mediastinal pleura, mesial to the aorta, from the arch 
down to the diaphragm (fig 11) The esophagus is identified and freed 
bluntly from the mediastinal tissues It is important to ligate the small 
esophageal vessels, but care should be taken not to jeopardize the blood 
supply of the esophageal stump to be utilized for the anastomosis Fixa- 
tion to the nght mediastinal pleura should not deter the surgeon I have 
encountered this complication on three occasions and have in each 
instance exased a portion of the nght pleura in order to effect a radical 
removal The defect may be closed easily by utilizing the wall of the 
stomach after it has been mobilized 

An incision is then made in the left leaf of the diaphragm, extending 
from the esophageal hiatus radially outward toward the nbs (fig 11) 
for a distance of 6 or 7 inches (152tol77cm) The esophagocardiac 
junction IS freed bluntly from its loose attachment to the diaphragm 
The spleen and the fundus of the stomach quickly appear m the wound 
Judicious retraction of the edges of the diaphragmatic opening and 
insertion of gauze packs will expose adequately the proximal half of 
the stomach The left gastroepiploic vessels are ligated and divided, 
which permits the surgeon to enter the lesser sac By inserting the left 
hand m the lesser sac and drawing the stomach downward, it is not 
difficult to isolate the gastric artery near its origin and to divide it after 
careful double ligation Complete mobilization of the proximal half of 
fhc stomach is obtained after division of its ligamentous attachments 
the upper part of the greater curvature The stomach may then be 
drawn up into the thoracic cavity with ease (fig 12) 

During resection of the growth and the subsequent anastomosis, the 
entire thoracic cavit} and wound must be protected from contamination 
Long rubber-co\ cred clamps are placed on the stomach side l)L\ond the 
^'rowth m an oblique direction from the upper portion of the greater 



1202 


ARCHIVES OF SURGERY 


cur\aUtic toward the lesser curvature, and the stomach is divided with 
the phenol cautery The opening in the stomach is closed in Uvo layers, 
silk being used and care taken to ligate separately all bleeding points 
(fig 13) A small rubber-covered noncrushing clamp is now placed 



Fig 10 — Resection and esophagogastrostomy Incision is made m e eig ^ 
interspace The eighth, seventh, sixth and fifth ribs are divided near e ran 
vertebral processes 



1 The 

Fig 11 — Inasion is made in the mediastin P 
radially outward from the esophageal hiatus 

I 


A second crushing ^ 

over the esophagus well above the tumor esophagi^^ is ^ ^ j 

placed about inch (1 9 cm ) beyond s, ^ pfojecting 

L as to leave at least mch (1 2 cm ) of the^^ 
the rubber-covered clamp The specimen is 
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Fig 12 — The tumor-beanng portion of the esophagus and the cardia have 
been separated from the mediastinum and the diaphragm Mobilization of the 
stomach is accomplished by ligation and division of the gastric and left gastro- 
epiploic vessels 



Fig 13— The stomach is resected m an oblique direction wdl bc>ond the 
SrovMh and is closed with two la>ers of silk sutures The esophagus is transected 
a|>o\c the cancer A small rubber-co^ tred clamp prc\cnts soiling 
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•'ro^l'itT.rappltumuolrto tl' '"'^i 

suture ana“s 7„? ='“■”? «) ^ 

end of the esophagus and thn performed behveen the 

about 2 niches (5 cm ') Iip i stomach at a point 

submucosa Every stitrli u uniting the mucosa and tk 

aved straugufattoLf Iht Tsues 

interruDted T ('mla/:. <. second layer is a continuous or 

csoplia^us to * ‘he muscolans of tk< 

to protect “f the stomach In order 

unwartl lik-e f *™S'tatltnal tension, the stomach is dram 

bv intern f sututc line and is anchored in this posillM 

esnnhn ^ sutures of fine silk which include the musculans of the 
new n mediastinal pleura (fig 16) The 

beln be situated 1 or 2 inches (25 to 5 cm) 

uorta, and it will be seen that approximately one 

o ie stomach now occupies an intrathoraac position 
e ra lal incision in the diaphragm is then closed with interrupted 
ures o silk, care being taken not to make the opening through which 
e stomach emerges too small To prevent hermation of more stomach 
note chest, the edges of the diaphragmatic openmg are sutured to the 
wad of the stomach (fig 16) I cannot agree with Cattell and Marshall 
that It IS imperative to crush the left phrenic nerve In fact, I kheve 
t a t t ere is real danger m this procedure If the anastomosis has 
ma e without tension, there need be no worry that it will be torn apart 
by movement of the diaphragm 

Through a small stab wound m the subjacent intercostal space a sat| 
ru ber tube is inserted for underwater drainage The thoracic woun 
IS then repaired in the usual manner by enarcling the contiguous eig!'’ 
and seventh ribs by heavy chromic sutures (fig 17) The thoracic 
musculature is carefully repaired by layer, and the skm is closed wi 
silk The anesthetist then inflates the lungs, thus helping’ the 
of air m the pleural cavity through the intercostal drainage tuk, t ^ 
end of which has been placed under water A snug dressing is 
applied to support the severed ribs If the right pleural cavity lias 
opened, the nght side of the chest must he aspirated at the comF 
of the operation 

It has been both surprising and gratifying to see patients go 
this extensive procedure with little evidence of shock The pu 
has varied between 80 and 126 The blood pressure readmg.^^^ ^^ 
shown very httle variation, a slight drop occurring during ^ 
the gastnc artery and mobilization of the stomach In ^ j„jnu’' 

I have been able to complete the operation in two hours an 
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Fig- 14 — The stomach is drawn upward into the thoracic cavity and its upper 
end brought into position for anastomosis with the esophagus 



Fiff 15— An end to side anastomosis in two la>crs is effected in the same maimer 
one performs gastroenterostomy Silk sutures arc used Care •should be 
taken to a\oid strangulation of tissues The insert shows the completed anai>tomo>i> 
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Fig 16— The esophagus is telescoped into the stomach y 
upward in a sleevelike manner To maintain this interrupted stitche> 

down to the esophagus and also to the mediastmal P opemuff ^ 

of silk The remainder of the mediastmum is left op^ (be 

diaphragm is partly closed, the remainmg edges eing 
stomach in order to prevent herniation 


Irdrercosiral 

mujsctes 


hea-vv ca-t^ixt 

artoixnd conti^ti.o'O.'S 




cling the contiguoi>= ei. 

Pig 17 — The thoracic wound is closed by encir 
ninth ribs with heavy catgut sutures j (Surg, ^ i, 

F.g«res 10 to 17 hove „«'*»»” *' 

559 [Feb 15] 1940) and are reproduced y 
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POSTOPERATIVE CARE 

Before undertaking this operation, it is most important to explain to 
the patient that he must not swallow for five or six days The processes 
of repair at the suture line will be hastened by full cooperation of the 
patient in this respect To supply fluids, use is made of the continuous 
intravenous dnp of 5 per cent dextrose in physiologic solution of sodium 
chloride It may be necessary to give another transfusion dunng the 
first day or two 

Small sips of water may be given on the fifth or sixth day If noth- 
ing appears through the drainage tube, it is assumed that the suture line 
has healed and is intact Increasing amounts of liquid are not given 
until about the sixteenth day, when custards, jellies, cereals, etc , are 
permitted The diet is rapidly increased thereafter Solid food should 
not be given until the third or fourth week 

The lumen at the site of anastomosis may diminish in caliber during 
the succeeding two or three months If this happens, bougienage 
through an esophagoscope will become necessary Such treatment 
should not be undertaken until there is reasonable assurance that the 
repair at the site of anastomosis is solid 

RESULTS 

Up to the time of writing I have operated on 17 patients with car- 
cinoma of the esophagus Of this group, 6 were found to be inoperable, 
^nd 11 were treated by radical resection The operability percentage 
was 64 7 In the group of 11 patients subjected to resection, 3 died 
postoperatively, a mortality of 27 2 per cent One patient died of a ten- 
sion pneumothorax on the right side I believe that this death was due 
to an error in judgment and could have been prevented The second 
patient died of a cerebral hemorrhage resulting in hemiplegia sevent} - 
two hours after operation At autopsy the intrathoracic situation was 
found to be satisfactory, and the anastomosis between the stomach and 
the esophagus was intact There was no evidence of infection The 
third patient, a physician of 54, died twelve hours after operation, of 
shock The tumor in this instance was firmly attached to the diaphragm 
*ind the right pleura The operation was unusually difficult and coii- 
suincd almost four hours Autopsy was not permitted 

In 7 of these cases the modified Torek operation was performed, with 
1 death In the remaining 4, resection with intrathoracic esophago- 
gastrostonn was carried out There were 2 deaths The late rcMiIt*. 
the patients wdio survived operation are of considerable importance 
the 8 survuors, 1 died of a recurrence m the superior mediastinum 
-three months later, 1 died of coronar\ disease liter three monih-*^ 
^*'d 1 (lied of generalized metastascs one %ear alter operation The 
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second and Zd Tnt! ^«P««vely after operalm I„ 

performed resection with esophagogastrostomy was 

t.on!d nan ‘r S^ap. I have operated on 10 add, 

loucr narf f ,J ' ‘-“'■enloma of the cardia secondarily involving the 
an nner'-il w esophagus Three of these were found to be opeiabfc, 
“0000 ? “ P" I" *ese 3 patients ttansLcc 

^ ^ esop lagogastrostomy was performed There were 2 post- 
a ive eat s One patient, a woman of 72 , m only fair condition, 
s ow y to disintegrate during the following three days At 
pos mortem examination the cause of death was not demonstrable The 
^u lire me was intact, and there was no evidence of infechon 
e second patient died suddenly of a cerebral embolus on the third 
t autopsy the anastomosis was found to be intact, and there 
was no infection The third patient is alive and well eight months alter 
t e operation The cases comprising this group will form the basis of a 
subsequent paper 

In the group with cardial carcinoma it is important to Bnd out 
whether the growth is resectable before opening the chest The rapidity 
of growth of these tumors and the high incidence of inoperable lesions 
when the patients first consult the surgeon make this precaution advisa- 
ble Preliminary exploration of the upper part of the abdomen through 
a small left rectus incision will demonstrate the presence or absence of 
metastases to the liver, involvement of the lymph nodes and fhaiion 
of the growth to the surrounding structures If the tumor seems opera 
ble, the chest may be opened and resection carried out If inoperability 
IS demonstrated, the incision is closed, or, if obstruction is a proiniiie'>t 
factor, gastrostomy may be performed By this plan an unnecessariy 
high mortality m the inoperable group will be avoided . 

Rapid progress is being made in the surgical treatment of cancer o 
the esophagus, a disease considered until recently as hopeless It 
firm conviction that in the near future surgical treatment will be 
generally accepted method of handling this disease 
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Ihc sacs of inguinal hennas have been known to contain almost 
every tyjx- of normal and diseased abdominal viscus Malignant tumors 
of organs contained m the sacs have been described, and, less frequently, 
secondary involvement of the tissues of the sae by extension or metas- 
tasis has been noted Primary malignant tumors of the tissues of 
hernial sacs, however, are extremely infrequent Baret/ ^ reported an 
adenocarcinoma of a hernial sae, but it is obvious that a tumor of this 
type could not have arisen primarily from any but an epithelial structure 
and could not, therefore, have been primary in the sac Unfortunately, 
postmortem examination was not done Paghani “ reported a benign 
tumor, a fibromyxoma, which was primarily in the sac and which had 
been diagnosed i^reoperatively as a stranguhited hernia Ihe only case 
encountered m the literature of the past two decades of jinmary malig- 
nant tumor of the sac of an inguinal hernia was cited by Richard^ from 
a dissertation by Roessle, in which postmortem examination disclosed 
a fist-si/ed tumor of a hernial sac with metastases to the inguinal and 
para-aortic lymph nodes and in which a diagnosis of malignant meso- 
thelioma Wiis made 

Because of the rarity of malignant neoplasms involving hcrni il sacs, 
We are briefly reporting 3 cases, in 1 of which we have complete data, 
•ucluding postmoitem observations In the other 2 cases, while a diag- 
iiosis of malignant mesodermal tumor of the excised sac tissues was 
made, the datii are somewhat equivocal One of the patients is still 
alive and free from recurrence, and in the case of the other fK,rmission 
for autopsy could not be obtained ILich of these pUienls presented 
different type of tumor, but all the growths were s ircoin is, that is, 
Were m,ihgnant neoplasms of mesoderm il structure All were rather 
hi/irre forms, and positive histologic identification was difficult 

Rcid before the Clue Sur^icil Sf>ricty M ircli 1, 1910 

Lroin llic Depirlinents of SiirKcry of the Michul Reese Hospjtil iml the 
Gucijo Memoriil Ilospitil ^ ^ 

^ bnret-c, L II Carcnioma of Ileriinl Sic, Am J Sun 7 692 603 1937 

2 L'ihhaiu, r lumore del sicca eriuano Hull d .c med , Poloina 

^00 m 119, 1937 , . _ 

3 Richard, M Ueber 1 lunorbdduiiK m Ilermen Deutsche /t chr f Chir 
-20 H6-152, 1930 
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nant arowfh ^ ""^^'^rated .ngumal hernia, and the presence of a malig- 

™sod ? . ”■“»«<>?": examination of the 

excised sac tissues was made It must be understood that hernial sacs 

consist of peritoneum and subperitoneal areolar tissue These layers 
are continuous with analogous layers of the abdominal waU In 2 ot 
lese cases the malignant process was more or less diffuse, there is no 
way o mowing specifically in which portion of these layers the tumors 
arose, an we do not contend that they necessarily involved the hernia! 

issues rst The tumor m the third case was apparently limited to the 
sac of the hernia 

REPORT OF CASES 

Case I R a boy 11 weeks old, was admitted to the Michael Reese 
ospital on Sept 5, 1938, with a diagnosis of strangulated left inguinal hernia, 
he scrotal swelling had been present for eight days, and vomitmg, restlessness 
and abdominal distention had been noted intermittently for four days On the 
day of admission an attempt had been made to reduce the hernia, and the cIiiM 
had gone into shock 

Because of a tense, fluctuant swelling in the left side of the scrotum, which 
extended up into the inguinal region, and abdominal distention, operation was 
done Inguinal incision disclosed a thickened and edematous hernial sac w'hicli 
was filled with fluid, but contained no viscus As the ring was widened, there 
was a profuse flow of clear, straw-colored ascitic fluid from within the abdomen 
Because the fluid was not bloody, laparotomy for possible reduced gangrenous 
bowel was not done The sac was removed and the ring closed 

The immediate postoperative course was satisfactory Subseiiuently a febrile 
course supervened, which subsided with the drainage of clear ascitic fluid between 
the sutures of the inguinal incision The patliologist^s diagnosis, returned at 
that time, was highly malignant tumor of mesench)mial origin The fe\^^ 
recurred on the seventh postoperative day, and the course was then progressive) 
downhill until death occurred, on the ninth day after operation 

Autopsy observations were relatively meager There was fluid m 
abdomen and in both pleural cavities, compressing the lungs Scatterc , ^ 

elevations were seen distributed over the intestine and on the pleural sur 
of the diaphragm There was, curiously, no other involvement of the 
peritoneum than that of the hernial sac When sectioned, the infiltrations^^i 
just beneath the serosal surfaces and did not involve the deeper layers 
intestmal wall ^ 5 efOjal 

Microscopic examination of the excised hernial sac, as well as o 
plaques and mesenteric lymph nodes, revealed large cells with is 
nuclei, each contaimng a clearcut nucleolus Occasional giant c s^^^^ jyinof. 

(fig 1) The pathologist's diagnosis was primary peritoneal ma ig 
a so-called mesothelioma of the peritoneum tt b d 

Case 2 — M M, a 64 year old white man, was operated )caf^ 

because of a right mgmnal herma which had been present o 
For the past three months there had been symptoms of to v car 

obstruction and considerable loss of weight The patient ha ^ 
a truss, but as the herma was irreducible the truss mere y agg 
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At operation the sac was greatly thickened and infiltrated and was firmly 
adherent to the contained intestine The twwel and its mesentery were greatly 
thickened, and the serosal surfaces were roughened There were numerous trans- 
ient nodules on the surface which appeared to consist of inspissated fibrin. 

s the internal nng was dilated, a generous flow of ascitic fluid from the 
abdominal cavity appeared A finger inserted into the peritoneal cavity encoun- 
tered nodularity of the serosal surfaces comparable to that present in the sac. 

The bowel was freed from the sac and reduced At one point the adhesion 
was so dense that separation seemed perilous, and a button of thickened sac 
was left attached to the surface of the bowel The remainder of the sac was 
removed and the canal repaired The postoperative course was uneventful 







ig 1 Metastasis to a lymph node The section contains many l>inphoc>lei 
are part of the normal lymph node and an infiltration of large cells 
ving a distinct vesicular nucleus with a clearcut nucleolus These cells are 
in the marginal sinus and invade the lymph node proper Occasionally a 
nucleated giant cell is seen [Note The prunary tumor apparently arose 
the peritoneum, a so-called mesothelioma of the peritoneum ] 

Rather to our consternation, the pathologist again reported a malignant tumor 
^ first this was thought to be metastatic from the colon because of the presence 
Q mucoid cells, but subsequent detailed study indicated that the growth was 
probably a malignant tumor of mesodermal ongin, and a presumpti\e diagnosi:* 
® hposarconia was made. The patient failed rapidl> despite palliati\e irradiauon 
^nd died si\ months after operation Unfortunate!}, consent for autops> could 
"ot be obtained 







2 Accumulations of large cells arranged in groups Many of the cells 
show a signet-shaped nucleus and a lightly staining (empty) cytoplasm These 
cells invade the tissue This was probably a very malignant liposarcoraa How 
ever, the possibility of its being part of metastabc mucinous adenocarcinoma of 
the large intestine could not be ruled out 
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The pathologist’s report stated “The tissue is invaded by accumulations of 
arge cells which are arranged in groups Many of the cells have signet-shaped 
nuclei and a lightly staining or empty cytoplasm This is probably a very 
mahgnant liposarcoma. However, the possibility of its being part of a metastatic 
mucinous adenocarcinoma of the large intestine cannot be ruled out"' (fig 2) 

Case 3 This case is included m this report through the courtesy of Dr 
arry Stimson, who operated on the patient, a 60 year old man, on Feb 21, 
39, at the Chicago Memonal Hospital, because of an incarcerated left inguinal 
emia of about two weeks' duration. The sac was found to be of the indirect 
t^e and was attached to the cord. Its walls were thick and edematous The 
c anges were limited to the tissues of the sac of the herma and stopped abruptly 
at the internal nng The sac was excised and the hernia repaired The patient 
an uneventful postoperative course and was entirely well when last seen, 
ten months after the operation. 

Pathologic Exammutimi excised sac was composed of amber, friable 

tissue which in areas was dark red and lobulated On section, gelatinous and 
leraorrhagic matenal exuded from the surface In many features the tissue 
rwembled degenerated thyroid gland Microscopically it had the appearance 
0 a degenerated fibromyxoma or a fibromyxosarcoma with much subacute and 
chronic granulation tissue (fig 3) 


COMMENT 


Three cases are reported of malignant tumors involving the sacs 
of indirect inguinal hernias All the patients were operated on with 
^ diagnosis of incarcerated hernia, and the presence of a mahgnant 
J^eoplasm was not suspected until histologic study of the excised sac 
tissues was made The tumors differed in each case, and all were rather 
bizarre and difficult of positive histologic identification In the first 
case described the patient was an infant, and the tumor was an embryonic 
type of growth, a mesothelioma of the peritoneum, which was diffuse 
^d involved the subserosal layers of the peritoneum and the pleural 
^Phragm It probably originated in multiple centers Strangely, 
t ic only portion of parietal peritoneum involved was the excised por- 
tion of the hernial sac It is likely that ascites resulted from the 
presence of the tumor, and the appearance of the hernia was due to 
^stcntion of the sac by ascitic fluid 
The data concerning the other 2 cases are less complete In the 
second there was a rather diffuse tumor which involved the abdominal 


well as the hernial portions of the wall It was probably liposarcom- 
^^ous, although the possibility of its being a metastatic epithelial 
growth could not be positively ruled out In the third case a fibro- 
niyxosarcoma of the tissues of the hernial sac was present, it was of 
ccidcdK lower malignancy and was apparently confined to the tissues 
® the sac The patient was well and free from recurrences when last 
icard from, ten months after the operation 


CONGENITAL ABSENCE OF THE SACRUM 

I M ZELIGS, MD 

IOWA CITY 


INCIDENCE 

Congenital absence of the sacrum, either partial or complete, is of 
relatively infrequent occurrence Hamsa,^ m 1935, could find but 18 
cases in the literature In his review of the subject he included a synopsis 
of each of these cases and added 2 others Girard,* in the same jear, 
found 7 other cases in the literature and reported 1 of his own Since 
that tune 1 1 additional cases have been reported ^ 


ETIOLOGY 


There are several etiologic theones Friedel^ stated the belief 
caudal suppression results from minute embrymnal trauma er le 
expressed belief in a late prenatal origin Ham^^ 
hypothesis of Feller and Sternberg® is most plausib , favan- 

the sacral variations and penpheral mamfestations on the asis 
mg degree of defects in the posterior portions of the metamer 

From the Department of Ortliopedic Surgery (service of Dr Arthur Stem 


State University of Iowa Hospitals , 

1 Hamsa, W R Congenital Absence of the Sacrum, 


Surg 30 6v 


(April) 1935 y Pone &. 

2 Girard, P M Congenital Absence of the Sacrum, J 

17 1062 (Oct ) 1935 , ^ total do sacoro- 

3 (o) Araujo, A Distrofia cruro-vesico-glu^ po & Lima 

coccyx, Arq brasil de cir e ortop 4 43 fDec ) 1935 

A proposito de um caso de malformagao do sacro, ibi ^ (Jan ) 1935. 

Lira, E Agenesia sacrococcigea, Rev ortop y , ^Qecy\, Ljou 

(d) Guillemmet, M Agenesie subtotale du sacru ^^nchypodie. Zi^e ’’ 

35 369 (May- June) 1938 (e) Hilgenreiner, H tm Angeborencr pa^ 

f Orthop 66 224, 1937 (f) Kienbock, R, and ^ 1935 (yj Lan-;‘ 

Ueller ICreuz- und Steissbeindefekt, Rontgenpraxis t ^ 

and Grana Agenes.e sac,o-coccyg.«.ne, f '» ”';^^''“K 5 „,g.„praxn 8 10= (F-V 
(h) Muller, J H Em Fall von Aplasie des Sac . sacrum, , 

1936 (0 Pouzet, F Lea anomalies de ajene.a ds '» 

371 (May-June) 1938 0) W.llem.n, F Spondyloptcse P ^ 

sacree, J de radiol et d’electrol 21 57 (Feb) 1937 1,^1 3,1 abi.arG 

4 Fnedel, G Delek, der Wirbelsanle vom 10 Ur 

einem Neugeborenen, Arch f klin Chir - ond ^ 

5 Wertheim, C C Vollstandiger ^ 9 ,27. 1857 , 

ernem Neugeborenen, Monatschr f Geburtsh u rel,|bddno.‘” O' 

6 Feller, A , and Sternberg, H Zur Kennw« 
saule, Virchows Arch f path Anat 2 
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with additional involvement of the anterior portions in cases with 
abdominal visceral anomalies '' Whatever the true mechanism is, the 
condition undoubtedly dates back to early embr} onal life As with other 
manifestations of suppression, as well as with errors of differentiation, 
the neurologic and the local variations occur simultaneously 

COMPATIBILITY WITH LIFE 

This depends usually on the extensiveness of associated anomahes 
When visceral malformations are absent and other significant develop- 
mental aberrations are minimal, life is usually possible 

CLINICAL FEATURES 

The characteristic clinical features are, in part, mamfestations of the 
vertebral defect and, in part, manifestations of the neurologic lesion 
which almost inevitably accompanies it Examples of the former are 
(1) a flattening replacing the normal convexity of the sacrococcygeal 
region, (2) flattening of the buttocks, (3) shortening of the intergluteal 
fold, and (4) absence of the bony concavity of the sacrococcyx normally 
palpable on rectal examination 

The neurologic features result from involvement of the sacral or the 
lumbosacral plexus and include to a varying degree (1) incontinence 
of urine and feces, (2) atrophy and diminished muscle power of the 
lower extremities, and (3) associated deformities of the feet 

The atrophy is frequently more marked below than above the knee, 
^ was pointed out by Hilgenreiner,®° with a resultant cone-shaped 
appearance to the extremities Such a condition is often referred to as 
the sirene** or “mermaid” type The patient may or may not have 
^idequate muscle power to stand or walk This frequently depends on 
the associated congenital deformities Such deformities are frequent and 
include 

1 Deformities of the feet These are present in the great majority 
of cases The deformity usually takes the form of paralytic clubfeet 
fn a number of cases there are equinovarus of one foot and calcaneo- 
^^Igus of the other Other deformities have been reported In the case 
of Barros Lima there were marked external rotation deformities of 
both feet The patient of de Araujo showed bilateral ankle valgus, 
rnckcr-bottom feet and congenitally short metatarsal bones 

- "Anomalies of other parts of the vertebral portion of the spine 
T^hest arc also frequently associated conditions Thev include suppres- 
of more cranial segments (FriedeP White"), hemnertebrae 
Vraujo"*^), failure of de\elopmcnt of neural arches (Hilgcn- 

^ ' White C A Fetus with Congenital Absence of the Sacrum Proc Roy 

4 279 1911 
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Tri 'r‘‘ “’f, ''Webra (Kienbock and 

), "d congenital aplasia of articular apophyses (Diaz Lira”) 

numlief If “““ 1 has been reported in a 

lumber of cases It is attributed to the decreased transverse diameter 

ot the pelvis and the almost vertical iliac wings 

Among the deformities occurring less frequently are congenital 
SCO losis (as in 1 case reported here), genu recurvatum,® congenital 
su uxation o the knee , congenital synostosis of several ribs, and 
cer am urogeniteil malformations, such as urethrovaginal fistula or anal 
citrcsi3, (Feller cind Sternberg*®) 

Sensor}'’ disturbances in the distribution of the lumbar or the lumbo- 
sacral plexus occur but do not necessarily parallel the motor changes 
either in distribution or in severity In many cases sensory involvement 
could not be accurately determined owing to the age of the patient 


CLASSIFICATION 

Foix and Hillemand ° have classified the condition according to the 
extensiveness of involvement of the lower portion of the cord and tlifi 
vertebral segments into four types 

1 Complete sacrococcygeal agenesis The sphmeters, buttocks and 
lower extremities are almost always involved The ilia are frequently 
approximated posteriorly, with a decrease in the transverse diameter 
of the pelvic ring Associated congenital malformations are common 
and, if extensive, may be incompatible with life Roentgen e\ainmation 
reveals complete absence of the sacrococcyoc 

2 Subtotal sacrococcygeal agenesis The coccyx and the last fmv 
sacral segments are absent The sphincters, buttocks and lower extrem- 
ities are involved, and the pelvis is somewhat narrowed It was for this 
type that Foix and Hillemand," considering the clinical picture to be a 
syndrome, introduced the term “dystrophic cruro-vesico-fessiere ' 
assoaated congenital conditions are usually less extensive than 
type 1 

3 Absence of the lateral half of the sacrum In this group d 
are modifications or absence of the sacral wings and univerte ra^ 
multivertebral hemiatrophy There are usually no associated symp 

4 Total or partial agenesis of the coccyx There are usu ) 
symptoms, and the diagnosis is usually made roentgenologica 

The great majority of anomalies reported are of the first ^ 

The incidence of types 3 and 4 cannot well be determine , 
types are usually asymptomatic and are rarely reporte 
however, several reports 


8 Hamsa i Hilgenreiner , pjr 

9 Foix, C, and Hillemand, P Dystrophic cruro-\esico-le»s 

sacro-coccygienne. Rev neurol 31 450 (Nov ) 1924 
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REPORT OF CASES 
The files of this clinic reveal 4 cases on record 

Case 1 —V F , a girl aged 5 years, has been followed at the clinic since the 
age of 9 months She was the sixth child and was born of breech delivery with 
difiicult labor One sibling, the third child, died of a meningocele The mother’s 
sister and the father’s brother each have a child with congenital clubfeet The 
patient has had complete unnary and rectal incontinence since birth 

Physical examination revealed the head, neck, thorax and upper extremity 
to be normal The lower extremities were underdeveloped, with moderate atrop y 
of the calves and, to a lesser extent, of the thighs There were absence of the 



Fig 1 (case 1) —Flattening of the buttocks, shortening of *e in erg , 

moderate atrophy of the calves and, to a lesser e\tent, of the thighs, an 
genital scoliosis The clubfeet have been almost fully corrected 


roundness of the sacrococcygeal region and flattening of the buttoc shaped 

-mg of the intergluteal foM (fig D There was a suggestion ° 

tapering of both lower extremities The muscle po\\er ^ 

moderately impaired, but the child could stand and waH. fairb ' f 

support There were bilateral clubfeet, equmovarus on the right a 

'•algus on the left There ^vas partial paralysis of Uie long ^ 

the great toe on the right and of the common extensor muse ^ o 

Wt Sensation was intact The deep reflexes of the lower 

notnial There was a mild ‘upper right dorsal, lower t ors^ an 

scoliosis (fig 3) There was moderate diastasis rccti, wi S 

Xbsciicc congemtale d’unc moitic du sacrum Ro med dc j c t 
37 308, 1903 Lcn, A , Pcttid. and Cottenot Anomalic du sacrum, Bull et mcm 
Soc, mcd d hop dc Pans 48 1173 (Jul> 18) 1^24 



Fig 2 (case 1) — malformation of the second sacral vertebral body, with 
deviation to the right and absence of the sacrococcyx below this level B, lateral 
view, showing absence of the sacrccoccyx below the level of the second sacral 
vertebra 





Fig 3 (case 1) — Ilemivertebrae in the dorsal part ^ J ^ ^^rtebrae ari ^ 
scoliosis, spina bifida in the lower dorsal region, six lum 
synostosis of the first and second nbs postenorlv on the ng 
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protrusion Rectal examination revealed poor sphincter tone Soft tissue was 
encountered instead of the normal bony concavity of the lower part of the sacro- 
coccyx There was a congenital malformation of the urethra which opened mto 
the vagina, being separated from the latter by only a thin septum Partial anal 
atresia had been noted during infancy and had yielded satisfactorily to digital 
dilations 

Roentgen examination revealed the following abnormalities 

1 Clubfeet and scoliosis, as described 

2 Congenital partial synostosis of the first and second ribs posteriorly on the 

nght {A, fig 3) 

3 Congenital malformation with hemivertebrae from the third to the tenth 
dorsal vertebra, with spina bifida occulta in the lower part of the dorsal region 
(fig 3) 

4 Six lumbar vertebrae (fig 3) 



^ >g 4 (case 2) —Absence of the roundness cf the sacrococcygeal region some 
shortening of the intergluteal fold, tapering of the lower extremities and excoriations 
^nd pustules of the buttocks The clubfeet have been almost full) corrected 


5 MaTormation of the second sacral \ertebral body with delation to the right 

(fig 2 A) 

Absence of the sacrococcyx below this Ie\el (figs 2 'I and P) 

Treatment was designed toward correction of the clubfeet b) the usual ortho 
Pcdic measures A Brockman operation was necessary on the right side, from 
'^hich the patient is now convalescing The child has been equipped with a brace 
for the left foot In the past few years she has had several attacks of p)elitis 
j^»id suppurative otitis media and a number of fecal impactions, from which she 
made, however, uneventful recoveries 

C\sE 2— R, M s, a girl aged 7 months entered the clinic at the age ol 
4 months for clubfeet She wab the fourth child She was delivered at home at 
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full term and weighed 12 pounds (5,443 Gm ) at birth Labor was diflSciilt and 
lasted nine hours Except for pneumonia at the age of 3 months, the child^s 
health had been good The mother stated that she had had difEculty in keeping 
the baby clean and dry The parents and three siblings were in good health. 
There was no family history of similar deformities 

Physical examination revealed the head, neck, thorax and upper extremities to 
be normal The lower extremities presented a peculiar cone-shaped appearance, 
the thighs being large and flabby and the legs from the knees downward pro- 
gressively thinner There were absence of the roundness of the sacrococcjgeal 
region and some shortening of the intergluteal fold (fig 4) As the child ^vas 
held m a sitting position, there was a soft tissue bulge dorsally at the lumbo- 
sacral region Bilateral talipes equinovarus was noted As far as could be deter- 
mined at this age, muscle power and sensation in the lower extremibes were 
unimpaired There were moderate flexion contractures of the hips and knees 



Fig 5 (case 2) — Three lumbar vertebrae and a rudimentary our t 
bifida occulta articulating laterally with the iliac wings The fifth um 
is absent, as are the sacrum and the coccyx The lateral view shows a 
fifth lumbar vertebra, the sacrum and the coccyx 


. Qnff tissue was encountered 

Rectal examination revealed poor sphincter tone o 

instead of the bony concavity of the sacrococcyx and nunierou 

was noted as the child cried There were extensive seemtd to tlo ► 

pustules over the vulva and buttocks, due to the urine, w angu/ant'" 

almost constantly (fig 4) There was a moderate egree 

of the pelvis rfig 5) 

Roentgen examination revealed the following abnorma i 


1 Clubfeet as described inuh 

2 Three lumbar vertebrae and a rudimentary fourt , wi 
articulating laterally with the iliac wings 

3 Absence of the fifth lumbar vertebra 

4 Complete absence of the sacrum and cocc>x 




ZBUCS^CONGEmTAL ABSENCE OP SACRUM 

■" «>»< 

» n.„ . rtifs rt 

lecem Iolllw“7i' ^ “'' ’’'"““'j' ‘‘'Ported bj Hamia.i w,th , „„„ 

pnmipara by noniial debve^'^ 'Deforma^' ""a™ xeoo o’*! 

of tb. .b,gh. and tors. S d aT “d, tb 

and feces The patient’s' family histLv d ‘ncontmence of urine 

■ncluded a short torso, with lumbar S The abnormalities 

flattenmg of the buttocks anrt kyphosis, dislocation of both hips, clubfeet 

further reyealed spma bific^ R°Pn‘Sen exammation 

partial or complete fusion S thp ^ ^°rsal region, 

liMbar vertebrae, and absence of ^ lumbar rib, three rudimentary 

almost touching posteriorly There^ sacrum and coccyx, with the iliac wings 
the third lumbar vertebra Lrl^ih 7^^ ^ osseous contmuity between 

-f ^lone and could sSnd by t " ^ ‘^e cbld cZ 

correction of the feet wa.s ^ against each other Operative 

treatment. A recent follow unte^‘ ’'^‘urn for 

showed little change She we.,rh a ® ‘he patient 

^“11 had no sphincter contrd Sh ^ grown very little and 

^0 reduction of the dXa ed hm '-'h. 

P^lv's hips was done owing to the malformation of the 

Case 4 — R c q 

^ud absence of the LcrJim'anlf ’“"’har lertebrae 

Postenorly There were coccyx, with the iliac wings in close apposition 

extremities The latter dislocated hips and deformities of the lower 

<=^‘wsion possible in the nnh;i^e* f^°'" ‘=°u’P'cte 

a short interglutei Sa n '"f °f ‘he thighs and buttocks, 

the latter gradually improved Afi’”'^’^ incontinence were complete, but 

‘he patient could walk h alinement of the lower extremities, 

‘o this report at the a r lo u ‘'™ ^^^^rs 

<=-^‘remitieslecess^L \ "“^'‘f^^hle weakness of the 

hu‘ not of the bladder °f houels 

hu'veier, and was atten,^ ^ "^he patient was getting about 

"'as made at Aat tiie business college No further inAcation for treatment 


COAIAIENT 

agenesis are wel^^n*^'^ features of partial or complete sacrococcygeal 
‘heir essent 1 ' “a fhe cases presented and resemble closely 

"“o group IT If p ‘he cases m the literature Case 1 fits \\ell 

cases are mst .. Hillemand’s classification, while the other 3 

‘he most di ^t group I The loss of sphincter control is one 

Pf die fecal i features Spontaneous improvement, especially 

patients have^f however, as is shown b\ case 4 Some 

ha\e the tp urinary incontinence (Barros Lima ^ others 

reverse (de Araujo =“) 
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The case of Diaz Lira is of interest in that it is the only instance 
in the literature in which neurolysis of the cauda equina was attempted 
for the condition The indication for surgical treatment here, however, 
followed the development of rectal incontinence and diminution in the 
deep reflexes of the lower extremities at the age of 3 years On the 
basis of these manifestations the cauda equina was explored and scar 
and fatty tissue were removed from the conglomerate sacral roots, with 
progressive improvement several days after operation, not only m the 
rectal incontinence which had recently developed but in the urinar}’ 
incontinence which had been present smce birth (The patient was a 
9 year old boy with conical lower extremities, clubfeet, incontinence of 
urine and constipation present since birth There was agenesis of the 
coccyx and of the last three sacral segments ) 

Of interest also is Willemin’s case of a 21 year old man with 
complete agenesis of the sacral base corresponding to the first sacral 
segment The rest of the sacrococcyx was normal A marked spon- 
dylolisthesis of the fifth lumbar vertebra developed There were no 
sphincter disturbances, and the lower extremities were normal This 
case was the only one of this type of agenesis encountered and docs 
not fit into the classification of Foix and Hillemand “ WiHemin, how 
ever, in his article, stated that he knows of 4 other cases of snniar 
involvement 

The treatment is ordinarily limited to correction of the deformities 
of the lower extremities by the usual orthopedic measures, as is sio\ 
in 3 of the cases reported 

SUMMARY 

To the 39 cases of partial or complete sacrococcygeal 
reported in the literature 2 cases are added, with a review an a 
follow-up study of 2 other cases previously reported from 1 1 ^^ 

The characteristic features and classification of the 
reviewed The former include varying degrees of of the 

incontinence, flattening of the buttocks and atrophy an we 
lower extremities, with absence of the coccyx and o a or 
sacrum Treatment consists of the usual orthopedic tiiou'-jh 

to correct the existing deformities of the lower extremities \ qjiuoh 
muscle power is present to enable the patient to assume 



FEMORAL HERNIAS 

A STUDY OF TWO HUNDRED AND THIRTY-EIGHT HERNIAS 
AND TWO HUNDRED AND TWENTY-SIX REPAIRS 

HAROLD J SHELLEY, AID 

FORT WORTH, TEXAS 

Included m this study were 238 femoral hernias ^ They compnsed 
per cent of the total group of all types of hernias seen in the 
var s in the period covered by this study Among these, femoral 
ernias not previously repaired numbered 222, of which 210 were 
repaire by operation Of these, 140 were examined postoperatively 
r nine months or longer or until a recurrence was discovered Only 
r^urrences developed, giving a recurrence rate of 3 6 per cent 

e remaining 16 femoral hernias were recurrent, following a pre- 
nine^ All 16 were operated on Thirteen were followed for 

ne ^onths or longer, and 2 recurrences were discovered, a recurrence 
rate of 15 4 per cent 

A The period covered by this study was from 1916 to 1935 inclusive 
emoral hernias in patients admitted to tlie wards at St Luke's 
^ ospital, New York, from 1926 to 1935 and all hernias of this type 
for^Tl^ penod (1916 to 1925) m patients who returned 

unt 1 examinations over periods of nine months or longer, or 

J a recurrence was discovered, were included in this study 

ETIOLOGIC FACTORS 

av Which Hernia Was First Noted — Pnmary Hernias The 

§e age of the patients when these 222 femoral hernias were first 
rioted was 39 6 years 

of decades of life, only 3 2 and 4 1 per cent respectively 

lese hernias were first noted This figure was increased to 19 8 
cent^^^^ third decade The incidence for the fourth, of 25 2 per 

greatest for any decade, although it was only slightly above 

1 Services of St Luke’s Hospital 

pancr ^^^^^ences to types of hernias other than femoral are from the following 

Hcrn^ bshed by me Incomplete Indirect Inguinal Hernias \ Study of 2,462 

Repairs, Arch Surg 41 1A1-17\ (Sept ) 1940, Complete Indirect 
( ^ernias A Stud> of 305 Hernias and Repairs Soutli* Surgeon 9 257-258 

p Direct Inguinal Hernias A. Study of Six Hundred and Fnc Hernias 

Sixtj-Five Repairs, Arch Surg 41 857 (OcL) 1940 
^^^‘nias A. Stud\ of 550 Hernias and 458 Repair^ South Surgeon 9 617- 
^ tSept ) 19^0 
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T \BLE 1 —Age at Which Henna Wa\s First Noted 






Number 

Number 



Age Group, 
Years 

Total 

Hernias 

Per Cent of 
Entire Group 

Followed 

Postopera 

tlvely 

of " 
Recur 
rences 

Per Cent 
Kecurreacia 

0 to 10 

7 

3 2 

• 73 

3 

1 

333 


10 to 20 

0 


5 

0 

00 

•12o 

20 to 30 

44 

19 8 ; 


27 

1 

37 ' 

1 

30 to 40 • 

66 

25 2 J 

■ 45 0 

36 

0 

00 J 


40 to 50 

60 to 60 

64 

24 3 ] 

i 392 

44 

2 

4d 

1 

^ 4,9 

33 

14 9 J 


19 

1 

5,3 . 

60 to 70 

11 

50 ' 


6 

0 

00 1 


70 to 80 

7 

32 

■ 87 

1 

0 

00 1 

00 

80 to 90 

1 

05 , 

0 















Totals 

222 

100 0 

100 0 

140 

5 

3G 

30 


The average age at irhlch the femoral hernias were first noted was 39 0 years 


Table 2 — Age at Twie of Admission or Operation (Femoral Hernias) 






Number 

Number 







Followed 

of 



Age Group, 

Total 

Per Cent of 

Postopera 

Recur 

per teal 

Years 

Hernias 

Entire Group 

tlvely 

rences 

Recurreacti 

Oto 10 

3 

1 3 ' 

1 

1 

0 

00 

i 00 

10 to 20 

7 

31 , 

1 44 

6 

0 

00 

r '' 

J 

20 to 80 

S3 

14 8 ’ 


IS 

1 

5o 

4 ’ 

30 to 40 

43 

19 3 . 

“ 341 

30 

1 

33 : 


40 to 50 

G4 

28 8 1 

1 

46 

1 

n| 

I 

60 to 60 

44 

1 

19 8 J 

43 6 

29 

1 

34 j 


60 to 70 

17 

7G ' 


8 

1 

115 

00 

10 0 

70 to 80 

9 

40 

‘ 12 6 

2 

0 



80 to 90 

2 

09 . 


0 


- 

. — . 

Totals 

222 

100 0 

100 0 

140 

5 




The average age of the patients at the time of admission to the hospital or P<- 
femoral hernias was 43 7 years 


Table 3 — Age at Tune of Admission or Operation (Recurrent Ft in — 


Age Group, 
Tears 

20 to 30 

30 to 40 

40 to 50 

60 to CO 

60 to 70 

70 to SO 

Totals 


Total 

Hernias 

1 

3 

4 


1 

IG 


Per Cent of 
Entire Group 


63 
137 
25 0 
31 : 

12 5 
G3 J 

100 0 100 0 


25 0 


562 


18 S 


^umber 

Followed 

postopera 

tlvely 


S 

4 

1 

1 

13 


^umbcr 

of 

Recur 

rences 


Per 



The average age of the patients at the time of admlsaloa 
for recurrences of femoral hernias was 49 years 
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the figure for the fiftli decade, 24 3 per cent The incidence decreased 
through the succeeding decades to 0 5 per cent for the ninth decade 
The incidence for the time covering the child-bearing period of women's 
lives, from 20 to 50, was 69 3 per cent of all the hernias 

The incidences for the successive twenty year periods ot lite were 
7 3, 45, 39 2 and 8 7 per cent respectively 

The number of recurrences was too small for the recurrence rates 
according to the ages at which the hernias were first noted to have any 
particular significance 

Recurrent Hernias The average age of the patients when these 
recurrences were first noted was 41 6 vears, 2 1 years less than the 



average age at which the primary repairs were done, 43 7 >ears Evi- 
dently, fewer of the older patients with recurrences came into the hos- 
pital for operation The age of the youngest patient at the time a 
recurrence was first noted was 22 years, and that of the oldest, 79 >ears 
The number of repairs was too small for the recurrence rates accord- 
ing to the patients' ages to have any significance 

^ga at Admission or Operation — Primary Hernias The average 
of the patients with these hernias was 43 7 years 
The age incidences at the time of admission or operation increased 
rom 1 3 per cent for the first decade of life to 28 8 per cent for the 
th From that period it decreased to 0 9 per cent for the ninth decade 
^ch decade from the third to the ninth showed 1 recurrence 

The incidences for the successive twenty vear periods of life \sere 
1, 486 and 12 5 per cent respectneh 





Table S — History of Definite Trauma as Etiologtc factor 


History of Trauma as Cause* 

Absent 

Positive 


Total 

Hernias 


Per Cent 
of Entire 
Group 


^umber 

EoUowed 

Poatopera 

tlveJy 


of 

H^COT 

rcncti 


* Undoubtedly all or a major part of the^e Jicmlas e ^ 

of the trauma which served only to call the patients* attention t o i 
In this connection It Is Interestlngr to note that amonL the 
inguinal hernias studied a history of definite trauma the etloiOK^ rofi’d t 
of their hernias was given by 20 per cent of the who in v ' 

the age of 15 years (Shelley H J Complete 
Hernias and Repairs, South Surgeon 0 2s>7 2oS (AprllJ 131^1 
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Recurrent Hernias The youngest patient at the time of operation 
for recurrent femoral hernias was 26 years, the oldest, 79 years The 
average age was 49 years This was the greatest average age at the time 
of repair for all types of inguinal and femoral hernias The incidence of 
the patients* ages at the time of operation increased from the third to the 
sixth decades of life and then decreased to the eighth 

Sex — Primary Hernias Of the 222 primary femoral hernias 
studied, 61 7 per cent were found in females and 38 3 per cent in males 
All of the 5 recurrences were in female patients None were discovered 
in the 55 repairs performed on male patients which were observed post- 
operatively for nine months or longer 

Recurrent Hernias The predominance of females among the patients 
operated on for recurrent femoral hernias, 81 3 per cent, was con- 
siderably greater than that found in the case of the original repairs, 
61 7 per cent 

Race — Primary Hernias Only 5 patients with these hernias were 

Negroes, 2 3 per cent , 97 7 per cent were white 

Recurrent Hernias All 16 patients having recurrent femoral hernias 
were members of the white race 

Tramm — Primary Hernias A history of defimte trauma as the 
etiologic factor m the development of these hernias was given by 16 7 
per cent of the patients (See note under table 8 ) That child-bearing 
niay be a definite etiologic factor in their development is indicated by 
their greatly increased incidence during the years in which women bear 
children (table 1) 

No recurrences were found m the 25 followed patients who had given 
a history of a definite trauma as the etiologic factor in the development 
of their hernias 

Recurrent Hernias None of the 16 patients with recurrent hernias 
gave a history of a definite trauma as the cause of the recurrence 

SYMPTOMS 

Pam— Primary Hernias As would be expected with hernias having 
^ small opening mto the abdominal cavity, about which is a fairly rigid 
order, a history of pain associated with their hernias was gi\en by a 
larger proportion of these patients, 70 7 per cent, than was found to be 
^ e case with any type of inguinal hernia 

Recurrent Hernias An even greater proportion of patients, 87 o per 
cent, with recurrent femoral hernias gave a history of pain associated 
presence of their hernias 

^urafion —Primary Hernias Somewhat less than half (441 per 
Cent) of these hernias were repaired within the first }ear alter thev were 
hrst noted The recurrence rate, 1 6 per cent, when the) were repaired 
''Uhm the first year w^as less than half tint for the entire group More 
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than two thirds, 68 per cent, were repaired within five years, and 829 
per cent were repaired within ten years, of the time when they were 
first noted 


Table 9 — History of Pam Associated with Femoral Henna 


Absent 

Positive 

Totals 

History of Pain 

Total 

Hernias 

65 

167 

222 

Per Cent 
of Entire 
Group 

707 

1000 

Table 10 

—History of Pain Associated with Recurrent Femoral Henna 




Per Cent 



Total 

of Entire 


History of Pain 

Hernias 

Group 



o 

I*’ 5 

Absent 


14 

sri 

Positive 



- 



10 

1000 

Totals 



— — ■ 


Table ll—DHratwn (Tune Hernia Was First Noted to Tune of 
Adimssion or Operation) 


Duration 


To 1 week 
To 1 month 

First 6 months 
Second 6 months 

To 1 year 

0 to 6 years 
6 to 10 years 

0 to 10 years 
10 to 20 years 
20 to 30 years 
30 to 40 years 
40 to 60 years 


Total 

Hernias 

2G 

39 


Per Cent 
of Entire 
Group 

117 
17 0 


Number 

Followed 

Postopera 

lively 

10 

21 

44 


Number 

ol 

Recur 

rcnces 


Per Cent 
Ilecur 
nneoi 

00 

00 

00 



were Uret noid 


nr t I 

lolll' ^ 


Si" » 

The average durat.on (from the t^^me these = 

to the time of the patients than ivas ob=ervol^_ 

one-tenth years This was a o. to.»plf= “ 

any type of inguinal henna with the eac p 

inguinal hernia 
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Recurrent Hernias For these hernias the average duration was 
seven and four-tenths years, the greatest for any type of inguinal or 
femoral hernias 


PHYSICAL FINDINGS 

Sise — Primary Hernias The sacs of over half (51 8 per cent) of 
these femoral hernias were not more than 2^4 inches (6 2 cm ) in 

Table \2—St3e 


Number Num 




Followed ber 

Per 





Per Cent 

Post 

of 

Cent 


Per Cent 


Total 

of Entire opera 

Recur 

Recur 

Operative Deaths 

Mor 

Sire of Hernia * 

Hernias 

Group 

tively rencca 

rences 

(1920-1936) t 

tallty 

Size I 

115 

51 8 

70 

3 

43 

3 In 74 operations 

4 1 

Size ir 

89 

401 

67 

2 

3^ 

3 In 68 operations 

52 

Size HI 

18 

81 

13 

0 

00 

1 In 12 oiwratlons 

83 

Totals 

222 

100 0 

140 

5 

3 0 

7 in 144 operations 

L9 


• Size 1 
(6 J cm ) 


Hernias In 'which the greatest diameter of the sac was not more than 2% Inches 


Hernias In which the greatest diameter of the sac was more than 2^ Inches and 
not more than 3% Inches (8 8 cm ) 

HI Hernias In which the greatest diameter of the sac was more than Inches 


t AH 7 deaths were of patients entering the hospital with strangulated hernias 


Table 13 — Unilateral and Bilateral Hernias* 


Onllateral right 
Unilateral left 

Total unilateral 
Total bilateral 

Total right 
Total left 

Totals 



Per Cent 

Number 

Followed 

Number 

of 

Total 

of Entire 

Postopera 

Recur 

Hernias 

Group 

tively 

rences 

136 

(A) 

01^ 

89 

3 

63 

284 

30 

2 

198 

89 J2 

128 

5 

24 

10 8 

12 

0 

148 

667 

95 

3 

74 

33 3 

45 

2 

222 

100 0 

140 

5 


(B) 

Bilateral hernias each repaired separately 
icral hernias both repaired at one sitting 
Ao rccurrcncea 


Per Cent 
Recur 
rences 


3 ^ 

51 

39 

00 

32 

4 4 

30 


20 

4 


hernia was counted Individually Each femoral bemla was 
atoral hernias when there was or hod been a femoral hernia on 


considered as one 
the opposite side 


of 


J'auictcr Slightly less, 40 1 per cent, had sacs over lYz inches and 
•css than 3>4 inches (8 8 cm ) m diameter, and only 8 1 per cent had 
more than inches m diameter 

Ihc number of recurrences was too small to ffi'C definite indications 
“s to the relation of the size of the sac to the probability of recurrence 
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It IS interesting to note that the mortality figure increabed with 
increase in size of these hernias, but the number ot hernias in each group 
was possibly too small for these figures to be conclusive 

Recurrent Hernias The groupings of these hernias according to 
the size ot the sac as outlined was 25 per cent, 37 5 pei cent and 
37 5 per cent respectively, representing a marked decrease in the smallest 
size and a correspondingly marked increase in the largest 

Among the repairs of the smaller hernias were no operative deatlis 
or recurrences After lepairs of the largest hernias, the mortality rate 
was 25 per cent and the recurrence rate 20 per cent 

Uiiilateial and Bilateral Hennas — Primary Hernias The incidence 
of bilateral femoral hernias, 10 8 per cent, was only one third that of 
incomplete indirect inguinal hernias, 32 6 per cent The incidence of 


Table 14 — Incarceration and Strangulation (Femoral Hernias) 


Number Num 
Followed ber Per 

Per Cent Post of Cent 

Incarcerated or Total of Entire opera Eecur Hecur 

Strangulated Hernias Group tlvely rences lences 


per Ccflt 

Operative Deaths Mor 

(192G-1035) tulltr 


Neither 

102 

Incarcerated ♦ 

94 

Strangulated * 

37 

Totals 

222 


45 9 

GO 

3 

45 

424 

69 

2 

34 

10 7 

20 

0 

00 

100 0 

140 

5 

30 


OIn 62 operations oo 

3 In 74 operations* *^1 

7 in 27 operations* ^ ^ 


7 In 144 operations* 


* Strangulation developed In 11 old Incarcerated hernias Strangulation was 
all 7 patients who died postoi>eratively In 3 of these the hernia had been n 
previous to the development of the strangulation 


femoral hernias on the right side, 66 7 per cent, was greater than 
incidence of incomplete indirect inguinal hernias on 
55 per cent , ,) 

The probability of recurrence following repair contrasting 


the riglit 
astmg nnik 

with bilateral and right with left femoral hernias cannot be 
this stud}^ as not a sufficiently large number were studied m eac i o 
for the recurrence figures to have any significance 

Recurrent Hernias In 12 5 per cent of the patients wit i 
femoral hernias there was a femoral hernia on the [jt 

same time, or there had previously been one This is essc 
same as the incidence of bilateral primary femoral hennas, j r 

In such a small number of repairs, the recurrence ^ , 

taken as significant as to the probability of rccnrrenct 
hernias are unilateral or bilateral ^ , 

Inca) ce> ation and Strangulation — Prnnar} Herniab [ 

of incarceration and strangulation were considtrabv I -j, 

femoral hernias as compared to incomplete in irect < 

This IS the natural expectation because of the smal o[,c 
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abdominal cavity with a relatively rigid circumference Of the 222 
femoral hernias, 42 4 per cent were incarcerated, as contrasted to only 
6 per cent in the incomplete indirect inguinal hernias The figures were 
16 7 per cent and 1 8 per cent respectively for strangulation 

So far as the respective incidence rates of the small number ot 
recurrences would indicate, incarceration and strangulation bore no rela- 
tion to the probability of recurrence following repairs of femoral hernias 
However, these two conditions had a direct bearing on the mortality 
following operative repair In the presence of incarceration of femoral 
hernias the mortality rate was 4 1 per cent, but all the deaths making 
up this figure were associated with incarcerated hernias which had later 
become strangulated For strangulated femoral hernias the mortality 
rate m 27 operations was 25 9 per cent There were no deaths asso- 
ciated with the 52 operations on femoral hernias which were neither 

Table 15 Incarceration and Strangulation (Recurrent Femoral Hernias) 


Incarcerated or 
Stranmilated 

Neither 

Incarcerated * 
Strangulated * 


Number Num 
Followed ber Per 
Per Cent Post- of Cent 
Total of Entire opera Eecur Eecur 
Hemina Group tively rencea rencea 

5 312 5 1 20 0 

10 02 o 8 1 12 6 

3 18 7 1 0 0 0 


Per Cent 

Operative Deaths Mor 

(1026-1035) tallty 

0 In 6 operations 0 0 

1 In 10 operatlonst 10 0 

1 In 3 operations! 33^ 


Totals 


10 100 0 13 2 lo 4 1 In 10 operations! 0^ 


+ developed In 2 old Incarcerated hernias 

patient who died had strangulation In an old Incarcerated hernia 


incarcerated nor strangulated (Mortabty rates were calculated only on 
tie repairs performed between 1926 and 1935 ) 

Recurrent Hernias Larger percentages of these hernias were 
incarcerated, 62 5 per cent, and strangulated, 18 7 per cent, than was 
t e case with femoral hernias which were not recurrent, 42 4 and 16 7 
per cent respectively 

The relation of incarceration and strangulation to the incidence of 
recurrence and mortality was essentially the same as with the original 
enioral repairs, with the exception of an increased percentage in each 
uistance The only patient who died after operation had a strangulated 
^rnia, but this hernia was incarcerated before the development ot 

strangulation 


results according to t\pc of oper^vtioxs 
Primary Hernias — The variations in the technic of repairing thchc 
hernias \\ere considered too slight to warrant tabulating the figures as to 
'-suits according to the different t\pes of repair Tiie number of recur- 
*''-uccs was so small that the figures would ha\e had no \alue in deter- 
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Respiratory 


C omphcations 


Complication 

2 bi’onchitis 

3 Pneumonia 

4 if^P^^P^ieumonia 
4 Acute tonsUJJtis 


^ex 

Tat,i ‘5;* X';V*'»"<i & s°, 

6 Of, ^ ® Wounds Deaths tailty 

^ “ Jr? R n - 



CompUcatlon 

1 Hematomas 

2 Deep phlebitis 


Per ^^“■ageNumber 
Cenf N nm Per Pep 

Total Cleat C^n't Per 

Opera Entire HosiSt?) r> ot Ceat 

tions Group iwl Hecur Infected ilof 

liys tively rences rences Wounds Deatlis talltr 

a 1 j . . ^ 


0 

0 


00 

00 

00 


00 

00 

00 


0 

0 


00 

00 

00 


lata This woun^h P®^^c>rmed with a fascial suture from the tascu 

oped when the natir^nt ^ infection, and no recurrence had dtul 

was last examined, two years after the operation 

postoperative complications 
y QY'yiin^ A 

50 per cent o- f oe incidence of postoperative complications ^ ^ 

after renmr ^ repair of femoral hernias (15 6 per cent) 

The reason fn. indirect inguinal hernias (104 ptr cuf) 


in mnnh fi, ^PP^i'ent The major complications appvaft' 

cenTof tl,T ?■'*'■■ ''“P PW*t'=> 'Vhich lolloped o..l, 01..- 

repairs repairs, was found after 1 4 per cent oi the Kin r..^ 

slio-htiv respiratory complications, 4 8 per cent ' 

inmiinal found after repairs of incomplete 

inguinal hernias, 7 3 per cent 


ii-'^ 



Table 18 Miscellaneous Postoperative Complications 


Complication 

1 Wound Infection 

2 Acute bronchitis 

3 Hematomas 

4 Deep phlebitis 

5 Lobar pneumonia 
Bronchopneumonia 

7 Acute tonsillitis 

8 Cystitis 

9 Pyelitis 

10 Acute appendicitis 

11 Acute cholecystitis 

12 Paralytic Ileus * 

13 Bacillus welchll perl 

tonltls * 

Totals 




Average Number 







Per 

Post 

Fol 

hum 

Per 

Per 




Cent 

operative lowed 

ber 

Cent 

Cent 



Total 

of 

Stay In 

Post 

of 

of 

of 


Cent 

Opera 

Entire Hospital 

opera 

Recur 

Recur 

Infected 


Mor 

tlons 

Group 

Days 

tively 

rences 

rences 

Wounds Deaths 

tality 

U 

62 

IIS 

8 

0 

00 


0 

00 

0 

29 

16 5 

3 

0 

00 

00 

0 * 

00 

3 

14 

14 6 

3 

0 

00 

00 

0 

00 

3 

14 

240 

3 

0 

00 

00 

0 

00 

2 

09 

16 0 

1 

0 

00 

600 

1 

500 

1 

048 

40 

0 



00 

1 

100 0 

1 

048 

150 

1 

0 

00 

00 

0 

00 

1 

048 

19 0 

1 

0 

00 

00 

0 

00 

1 

0 48 

600 

0 



00 

0 

00 

1 

0 48 

210 

1 

0 

00 

00 

0 

00 

1 

048 

29 0 

1 

0 

00 

00 

0 

00 

1 

048 

10 

0 



00 

1 

100 0 

1 

0 48 

26 

0 



100 0 

1 

100 0 

33 

16 6 


22 

0 

00 

61 

4t 

121 


t ‘^“PBcatlons both developed In patients who had had strangulated hernias 

pa ents died as a resiilt of the toxemia from the preoi>eratlve Intestinal obstruction 


Table 19 — Deaths (Femoral Hernias, 1926-1935) 


Opera 

tive 

Deaths 

Patient s 
* Age 

Hernia 

Strangu 

Duration of 

Resection 

Time of Death 
(Post 


lated 

Strangulation 

Required 

operative) 

Cause of Death 

1 

44 

Yes 

18 hours 

No t 

2% days 

B welchll wound Infection 

2 

62 

Yes 

1 week 

No 

ImmedI 

and peritonitis 

Toxemia from long stand 






ately 

Ing strangulation and 

3 

C9 

Yes 

3 days 

No 

3 days 

shock 

Lobar pneumonia coro 







nary fibrosis myocardial 

4 

© 

Yea 

3 days 

No 

4 days 

sclerosis pyelonephritis 
Bronchopneumonia arterl 

5 

70 

Yes 

4 days 

ho 

12 hours 

osclerotlc heart disease 
Toxemia from long stand 

6 

87 

Yes 




lug strangulation shock 

7 

6 days 

Yes 

24 hours 

Paralytic Ileus 


68 

Yea 

4 days 

X 

10 hours 

Toxemia Intestinal ob 


stnictlon 


^ Small operations, giving: an operative mortality of 4 9 per cent 


Pntcr ffangreno In a Richter type hernia The area of gangrene was Inverted 

a omy In the strangulated loop ho repair of the hcmla was done 


Table 20 — Deaths (Recurrent Femoral Hennas 1926 1935) 


Dpera 


Ago 

70 


Hernia 

^trangu 

luted 

\ca 


live Pate hernia 

B'-oths • Apn * Duration of RcEcetlon Time of 


Strangulation Required 
0 hours Vo 


Death 
2 hours 

after operation 


^0 tloath in 


Cause of Death 
Dcus shock 


10 operations giving an operatUc mortality of OJI per cent 
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'r. 

repairs ot lemoSlnd nere the 

■'?«<» ; a:e Hennas -tT'”'' ''’^'™' l'™as™Vne°'"”“ 

uas p-reater off incidence nf r. f « per cent 

^'ons Comnlicnf recurrences eomphcauons 

3s compared to ‘developed after 18 8 per ce^f original opera- 


^oRi-vlitv 

,o 0 52 per ce,„ ,„ « ~ ® ““ (- - 

nipiete .nd.rect 


S‘«i' S':: °‘ 

’■«■■> omaS: 

ir i SfH?"- <"« — . 

iSn-" *"• 

^'wage postoperative ttm^ 

^’ercentaga of recurrences ( JoT^p^r 
Total number of „ne f, 

facts about 'th^e^°7wT!f? of strangulated hernias Tlie uriou, 

^^c.,rre,R Her, f'T “ 

femoral hernias a f : death followed repair ot 16 recurrent 

79 years of ao-e had h of 6 3 per cent The patient, ulio 

hours after the oper t ^ ^ strangulation for six hours She died tuo 
deh3rdration Air. •,. ^ heus, shock and preoperative toxemia and 

resection was required 


2?2 

li 

2i0 

7 

54 

CO 

uo 

9 months 

0 

JdS months 
S6 

170 

21 '’moatlu 
0 

29 


^ yjx^E,\j V V - U DATA 

repaired There femoral hernias studied, 12 were not 
for follow-UD PY operative deaths, and 34 patients did not return 

rune months or One hundred and fort}' were lolloued tor 

tenths months O or an average penod of twenty-four and nine 
3 6 per cent Th ^ ^ ^ recurrences were discovered, an incidence et 
were firef r.^f a ^ ^^erage postoperative time at which the rcciirreiiee:! 
first noted was ,wenty-s,x and e.ght-tenths nton.hs 
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A total of 170 were examined in the follow-up clinic The average 
follow-up time for all followed repairs was hventy-one and two-tenths 
months The recurrence rate calculated on all follow-up examinations 
was 2 9 per cent 

Recurrent Hernias — All of the 16 patients with recurrent femoral 
hernias were operated on One died postoperatively Thirteen of the 
remaining IS were followed for nine months or longer The average 
0 ow-up period was thirty-three and two-tenths months Two recur- 
rences were discovered, giving a recurrence rate of 15 4 per cent The 

average postoperative time at which these recurrences were discovered 
was ten months 

Fourteen patients altogether were examined in the follow-up clinic 

e average follow-up time was thirty and one-tenth months and the 
recurrence rate 14 3 per cent 


Table 22 — <Follozv-Up Data (Recurrent Femoral Hernias) 


studied 

110 operation 
lotal operations 
^taj operative deaths 

Total with examination 

Total with under 9 months (no recurrences; 

Averava up 9 months and over (Including recurrences; 

Total followed 9 months and over) 

when recurrences were first noted 
of recurrences (follow up 9 mouths and over) 

•V-veratS^tJof/f operations examined postoperatively 
Otago of recuirencea (all followed casesj 


16 

0 

10 

1 

1 

1 

13 

32J2 months 
2 

10 0 months 
154 

14 

30 1 months 
2 

113 


REPAIR OF FEMORAL HERNIAS 

^rnnary Hernias — It is probably unnecessary to go into great 
n technic of repair of femoral hermas With careful, 

Jgent surgical handling, satisfactory results will ensue whatever 
tl'c method of repair 
Th * 

6 question of the type of incision in the skin and subcutaneous 
l^^rgely that of the individual preference of the surgeon In 
presence of an inguinal hernia associated with a femoral hernia, 
m ^ ^ oblique incision should be used In those few instances 
of f' is a possibility that the hernia may be inguinal instead 

emoral, again the oblique incision should be used 

e necessity of an approach to the neck of the sac from abo\e the 
^^Sainent will present in few repairs if the surgeon is familiar 
out ^*^3>toniy of the femoral region and the technic or earning 
'^^nous necessary procedures in that region 
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Careful, clean dissection of the structures about the femoral ring 
IS an important point Location of the interior of the sac without injury 
to its contents at times will present certain difficulties This is due to 
( 1 ) adherence of the contained omentum or intestine to the peritoneal 
lining of the sac, (2) cystic degeneration of the incarcerated omentum, 
giving false pockets simulating the interior of the sac, and (3) edema 
or even cystic degeneration of the fat and other tissues making up the 
hernial sac itself This difficulty can usually be avoided by opemng 
the sac near the neck, where these various conditions do not ordinanly 
present themselves 

When the femoral canal is too small for reduction of the contents 
of the sac into the abdomen, incision of Gunbemat’s ligament will ordi- 
narily suffice to permit the contents to be returned to the abdomen 
An occasional rare case will be observed in which additional careful 


enlargement of the femoral ring by retraction laterally ivill be necessary 
I believe that when a resection is necessary it should be done through 
a lower rectus incision Reduction of the anastomosed loops of intes- 
tine through the femoral opening may damage the anastomosis, an 
the resection itself may well contaminate the operative wound an 
thereby greatly increase the probability of recurrence of the hernia 
In my experience, reduction of the strangulated loop for a time into 
the abdominal cavity has frequently demonstrated that a resection 
unnecessary, while observation of that same strangulated loop m 
operative wound, even though the femoral opening had been apparen 
adequately enlarged, would indicate that resection was _ 

Avoidance of unnecessary resections will reduce marke y 
ative mortality assoaated with strangulated femoral hermas 

As to closure of the femoral canal itself, any of the various e ^ 
if properly apphed, will give satisfactory resdts 
this respect is for mattress sutures reenforced by tvvo o 
sutures The lateral suture should be apphed with t e ^ 5 pace> 
carefully retracted laterally In closure of the woi^ , ...(-ure and 

should be carefully elirmnated Use of silk throug ou ^ 
ligature material is a distinct improvement over use o ^ ^jiusuall) 
With the exception of those cases m which there is^ 
large femoral opemng and those m which this patients 

edly enlarged m order to reduce the contents o e ® should 

do not require as long a penod of tune in be pos ,(■ ]s e\en 

be insisted on after repairs of inguinal hernias changed 

more important that these patients have their posiu ^g.enieni^ 

frequently immediately after the operation an patients are 

be instituted as early as possible and kept up u ot deep 

permitted out of bed In this series of r ,ncoinpIeiu mdi' 

phlebitis was four times that which followe r p 
rect inguinal hernias 
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Recurrent Herman — Repair of the majority of recurrent femoral 
hernias will not differ materially from repair of primary hernias except 
that dissection of the sac and the various anatomic structures will 
present added difficulties due to the scar of the previous operation 
In most cases a careful repair, preferably with mattress sutures, will 
give satisfactory closure of the defect 

When part of the inguinal ligament has been lost in the failure of 
the original repair, reconstruction of this structure and closure of the 
large femoral canal with a suture or sutures obtained from the fascia 
lata will be required in order to obtain a satisfactory result 

The use of silk for sutures and ligatures in every case is a worth 
while addition to the technic, particularly since these wounds are prone 
to fill up with serum when catgut is used 

Patients in whom a recurrent femoral hernia has been repaired 
should be kept in bed longer than in the case of the primary repairs 
The additional time is to be determined by the nature of the repair 
required in each individual case 
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A water-soluble compound with vitamin K activity, 4-amino-2- 
methyl-l-naphthol hydrochloride, has been synthesized by Doisy and 
IS associates ^ The oil-soIuble vitamin K, 2 -methyl-l, 4 -naphth(h 
(jmnone, has been found veiy active when administered orally,^ but 
since it IS relatively insoluble in water, it is inconvenient for paren- 
teral use Parenteral administration of vitamin K has several advan- 
tages over oral administration By the oral route, there may be a 
Jack of absorption due to intestinal obstruction, paralytic ileus or some 
other intestinal complication By the parenteral route the vitamm 
may be given to patients who are unable to take it orally because of 
nausea or vomiting In the treatment of hemorrhagic disease of the 
newborn, for which vitamin K is very effective, the parenteral method 
IS especially mdicated When the substance is administered pnren- 
terally it is not necessary to give bile salts With oral administration 
bile salts must be present in order to assure absorption of the vitamm 

From the Department of Surgery of the University of Illinois Colkge of 
Medicine and the Cook County Hospital # 

1 Doisy, E A , MacCorquodale, D W , Thayer, S A , Binkley, S 
McKee, R W The Isolation, Constitution and Synthesis of Vitamin , 

90 407, 1939 Thayer, S A , Binkley, S A , MacCorquodale, D W, 

E A , Emmett, A D , Brown, R A , and Bird, O D Vitamin K Potenc''^ 
Synthetic Compounds, J Am Chem Soc 61 2563, 1939 

2 (a) Anderson, E R , Karabin, J E , Udesky, H , and Seed, 

Oral Administration of Synthetic Vitamin K, to be published (l>) ^ 

and Fhegelman, M T The Use of 2-Methyl-l,4-Naphthoquinone ^ 

Vitamin K Substitute) in the Treatment of Protlirombm Deficiency, ) 

114 400 (Feb 3) 1940 (c) Macfie, J M , Bacharach, A L , ^ j 'i e 

R A Vitamin K Activity of 2 -Methyl-l, 4 -Naphthoquinone and Its 

in Obstructive Jaundice, Brit M J 2 1220, 1939 
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Before the synthesis of the water-soluble compound, phthiocol had 
been found to contain vitamin K activity (Almquist and Klose®) and 
had been used intravenously Phthiocol was isolated by Anderson 
and Ne^vman * from the pigment of the tubercle bacillus and was found 
to be 3-hvdroxy-l,4-naphthoquinone Smith ° and also Butt, Snell and 
Osterberg ® reported good results after using phthiocol intravenouslv 
Ansbacher and Fernholz ’’ found the potency of this compound to be 
about one hundred times less than that of vitamin K concentrates 
However, the oil-soluble 2-methyl- 1,4-naphthoqumone was almost as 
active as the vitamin K concentrates in pure form Thus, phthiocol 
was not a satisfactory parenteral substitute for vitamin K Rhoads and 
Fliegelman used 2-methyl-l,4-naphthoquinone, 1 mg m 10 cc of 
physiologic solution of sodium chloride, intravenously in 1 case, with 
a good response, but its relative insolubility made it inconvenient for 
general use Sharp and his associates ® found that 4-amino-2-methyl- 
1-naphthol hydrochloride contains vitamin K activity Infants and 

piatients with obstructive jaundice,® as well as experimental animals, 
responded satisfactorily within twelve hours 

The soluble synthetic compound used in this in\estigation was 

4-amino-2-methyl-l-naphthol hydrochlonde , for convenience in this 
report it will be designated as vitamin The prothrombin deter- 

minations were done by the Smith method The value for plasma 
prothrombin is reported as the per cent of prothrombin clotting activitv 
and represents the per cent of normal 

3 Almquist, H J , and Klose. H H The Antihemorrhagic ActiMt> of 
Certain Naphthoquinones, J Am Chem Soc 61 1923, 1939 

4 Anderson, R J ^ and Newman, M S The Chemistry of the Lipids of 
Tubercle Bacilli, J Biol Chem 101 773, 1933 

5 Smith, H P , Ziffren, S E , Owen, C A , and Hoffman, G R Clinical 

snd Experimental Studies on Vitamin K, J A M A 113 380 (July 29) 1939 

6 Butt, H R , Snell, A M , and Osterberg, A E Phthiocol Its Thera- 
peutic Effect in the Treatment of Hypoprothrombinemia Associated witli Jaundice , 
^ reliminary Report, Proc. Staff Meet, Mayo Chn 14 497, 1939 

7 Ansbacher, S, and Fernholz, E. Simple Compounds with Vitamin K 
Acuvitj, J Am Chem Soc 61 1924, 1939 

8 Sharp, E A , Emmett, A D , and Kamm, O The Vitamin K AcU\iU 
01 4 Amino-2-Methjl-l-Naphthol and 4-Ammo-3-Methjl-l-Naphthol, J Biol Chem 
143 285, 1940 

9 Sharp. E , Vender Heide, E C , and Good, W H Vitamin K Actl%^t^ 

- Methjl-14-Naphthoquinone and 4 - Amino- 2 -Methyl-l-Naphthol in Hjpopro- 

°mbinemia, to be published 

8 The work was done in the research laboratory of Parke, Da\is & Compan\ 

1 p tnaterial used in the clinical e^.pe^ments herein reported was furnished 
I 4rke, Da\is &, Company, who have called it vitamin Iv, each ampule contains 

o'n of the substance dissolved in 1 4 cc of water 
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talerh-.dTt'*'* t™T’' ^ “ “™ The Patlt 

them! V "'.r r '' “f “-e ‘‘ver due to antisyphtoc 

hon ? I ‘he entire hver had been destroyed, this dcstiuc- 

heraf^ eomparable to that observed after complete 

p ec omjr Since the liver is necessar}^ for the manufacture ot pro- 

Table 1 —Jaundiced Patients Who Received Vitamin K, 


Patient 


diagnosis 


A N 
A R 
O K 
S V 
O P 
M G 
S D 
J W 
A. W 
O M 
W O 
J L 
H U 
A M 


Acute yellow atrophy of liver 
iletastatlc carcinoma 
Carcinoma of ampulla of Vater 
Carcinoma of pancreas 
Carcinoma of pancreas 
Carcinoma of pancreas 
Carcinoma of pancreas 
Carcinoma of pancreas 
Acute cholecystitis 
Cholelithiasis 
Catarrhal Jaundice 
Toxic hepatitis 
Oholedochollthlaals 
Cholelithiasis 


Jaundice Pro- Alter 

J * ^thrombin Yltamln 

Duration Degree Activity K 


2 weeks 

4 

37% 

37% 

6 weeks 

4 

60% 

ioo:s 

2 months 

4 

B7% 

1005i> 

2 months 

4 

79% 

100% 

1 month 

3 

01% 

m 

2 months 

3 

01% 

91% 

3 weeks 

8 

0o% 

100% 

3 weeks 

2 

05% 

100% 

2 weeks 

2 

76% 

109% 

2 weeks 

1 

02% 

100% 

2 days 

1 

65% 

98% 

12 days 

1 

60% 

9o% 

10 days 

1 

01% 

91% 

1 month 

1 

01% 

100% 


Grade 1, slight, 2, moderate, 3, severe, 4, very severe 


Table 2 — Nonjaiindtced Patients Who Received Vitamin 


Patient 

Diagnosis 

Prothrombin 

Activity 

Alter Vita 
min K 

J S 

Cholelithiasis 

80% 

100^ 

A K 

Empyema of gallbladder 

07% 

100^ 

J W 

Cirrhosis of liver , 

07% 

lOO^o 

C A 

Carcinoma of rectum 

09% 

S3% 


thrombin through vitamin K, this negative result was to have been 
expected Of the 18 patients, 13 (table 1) had hypoprothombinem» 
due to jaundice, and 5 (table 2) had hypoprothombinemia due to ot 
conditions No patients had any signs of bleeding, for the hypopro^hr 
bmemia was not allowed to reach dangerous levels 

The average imtial dose was 2 to 3 mg given intravenousy 
followed by 3 mg daily as a maintenance dose Some patients 
1 mg daily and responded favorably, while others needed 
The intramuscular dosage used was the same However, t is 
of administration was not as saPsfactory as the intravenous 
case of O M (chart 1), a patient with cholelithiasis an 
to secondary hepatitis, illustrates the intravenous therap' 
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The level of plasma prothrombin before operation was 84 per cent On 
the first day following cholecystectomy the level dropped to 62 per 
cent Two milligrams of vitamin was given intravenously, and in 
one-half hour the level reached 86 per cent In two hours it was 100 
per cent Twenty-four hours later it had dropped to 71 per cent At 
this time 1 mg was given intravenously three times a day The pro- 
thrombin level returned to normal and remained there with this 
regimen H M (chart 2), a patient with jaundice due to a common 
stone, illustrated the more gradual response by the intramuscular 





ote the sharp return of prothrombin dotting acu\ity to normal within two hours 
ler intravenous administration of 2 mg of vitamin Ko on the first postoperative 
^ later the prothrombin activity had dropped to 71 per cent 
A daily dose of 1 mg three times per day brought the level back to normal 
ere It was maintained The patient had jaundice^presumably secondary to 
since there was no stone in the common duct 


route The prothrombin level on the first day following a choledo- 
^ostomy was 83 per cent, on the second, 70 per cent, and on the third, 
^ ixir cent Three milligrams of vitamin K, was guen mtramuscu- 
In one hour the level was 75 per cent, m two hours 76 per 
^^nt, and m three hours, SO per cent The per cent then dropped to 
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74 m four hours Three milligrams of vitamin Kj was gnen intra- 
muscularly with 1 Gm of bile salts by mouth In one hour the level 
increased to 78 per cent, in two hours, to 84 per cent, and in three 
hours, to 86 per cent The level again dropped in twenty-four hours 
to 67 per cent Vitamin K, (2-methyl-l,-l-naphthoquinone), 2 4 mg 
with 1 Gm of bile salts, was given by mouth In twenty-four hours 
the level was 88 per cent, m forty-eight hours, 90 per cent, and in 
seventy-two hours, 96 per cent This level was maintained However, 
the patient was improvmg generally, and the two factors w'ere probably 
responsible for the continued oral improvement 

The response to the intravenously given vitamm K-active com- 
pound occurred within three-quarters of an hour to one and one-halt 



hours Patients with relatively good hepatic function ^ ^ 
levels of plasma prothrombin within two hours after t e a 
of the active compound However, patients with hour^ 

did not reach a normal level of plasma prothrombin un i 
had elapsed, others never reached normal levels, m ^ 

longed therapy As has been stated, A ^ Iner, did 

degree of jaundice due to acute yellow atrop ^ ® ^enoush "P®’’ 
respond to 6 mg of the active compound given m 
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indicates the importance of the liver in the formation of the plasma pro- 
thrombin Thus, clinically the patients with severe damage to the 
liver did not give as good a response to the compound or maintam the 
level of plasma prothrombin as well as those with relatively good hepatic 
function In one-half hour, O M (chart 1) showed a rapid response 
to 2 mg guen intravenously The plasma prothrombin activity rose 
24 per cent in one-half hour and 38 per cent in two hours Other 
patients did not respond so quickly In the case of C K the value 
rose 20 per cent in three quarters of an hour , in the case of C A , 
16 per cent in one hour, in the case of M C , 28 per cent in one hour, 
and in the case of A W , 15 per cent in one and one-half hours 

The dose of the vitamin K-acbve compound needed to maintain 
the plasma prothrombin varied with the individual patient Main- 
tenance doses could be estimated only by repeated prothrombin 
determinations One milligram three times a day or 3 mg in one dose 
was a satisfactory amount for maintenance (case of O M, chart 1) 
After an mitial dose of 3 mg the concentration of plasma prothrombin 
rose to normal, but it frequently dropped again on the following da\ 
We thought that the effect of this water-soluble vitamin K compound 
was as good as that of the oil-soluble active compound Broun used 
an initial 5 mg dose of the vitamin Kg in 1 instance and obtained a 
good response which extended over several days 

No bile salts were necessary for a response to vitamin Kg given 
parenterally No toxic manifestations were observed As much as 
6 mg at one dose was given intravenously without harm to the patient 
Several patients were given 0 33 Gm (a 5 gram capsule) of bile 
salts orally for each milligram of vitamin Kg given intravenously No 
difference in the response or m the maintenance requirement was 
observed Therefore, bile salts need not be given when parenteral 
Mtamin K therapy is used However, the value of bile salts for 
patients who are not secreting bile salts into the intestinal tract must 
recognized The deficiency of bile salts mav produce adverse effects 
m the body economy not related to prothrombin 

Intravenous administration of the synthetic soluble active compound 
has an advantage over administration b}^ the intramuscular route The 
response is quicker, and the effect is greater Chart 1 illustrates results 
of using the intravenous route The response was quick, and a normal 
kvel of prothrombin was reached within two hours Chart 2 illustrates 
^ gradual and incomplete response to intramuscular therapy From 
obser\ations the potency ot 4 -amino- 2 -methyl-l-naphthol hvdro- 
chloride, the water-soluble synthetic compound seems equal in effect 

12 Broun, G O , in discussion on Sharp, E A Vitamin K ol 2 

VcthNl M,N^phthoquinone JAMA 114 439 (Feb 3) 1940 
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to the oil-soluble synthetic compound The advantage of vitamin Kj 
over the water-insoluble vitamin K compound therefore lies in the fact 
that it can be given at any time, even though the patient may be vomit- 
ing and unable to retain or absorb drugs given orally 

We were unable to obtain an appreciable elevation of the level of 
plasma prothrombin above normal with the parenteral active compound 
In several instances a 5 per cent increase above the normal level of 
plasma prothrombin was observed 


SUMMARY 


A water-soluble synthetic compound with vitamin K activity for 
parenteral use was effective in 17 of 18 patients with hypoprothrom- 
binemia The patient who failed to show a response had acute yellow 
atrophy of the liver 

Intravenous administration is superior to intramuscular The ease 
of administration should determine whether the drug is to be given 


orally or intravenously 

The intravenous dose is approximately 2 to 3 mg daily The 
response occurs within three quarters of an hour to one and one-half 
hours after administration Patients with relatively good hepatic func- 
tion showed normal plasma prothrombin levels within two hours, while 
patients with damaged livers reached normal levels in twelve hours or 
did not reach normal levels in spite of prolonged vitamin K 5 therapy 

Clinically, patients with severe damage of the liver did not gw^ 
as good a response to the vitamin K-active compound or maintain e 
level of plasma prothrombin as well as patients with relative y goo 


function of the liver 

The maintenance dose of the vitamin K-active compoun 
with the individual patient and can be found only by 
thrombin determinations No toxic effects were observ 00 


doses up to 6 mg h n it is 

Bile salts are not necessary for the action of the drug w 

given either intravenously or intramuscularly j a r the use 

The effect of vitamin Kj is no greater than that note a e 
of the water-insoluble vitamin K compound, but vitamin 
distinct advantage that it can be given at any time in t e p 
or postoperative course, regardless of whether the patient is 
and absorb drugs by mouth 
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In the past few years several papers ^ on acute appendicitis have 
stressed the role of increased intraluminal pressure as a factor in the 
development of the lesion Since the maximum intraluminal pressure 
can never exceed the pressure at which the appendix wiU empty into the 
cecum, studies were undertaken on the initial resistance to perfusion of 
unselected normal and diseased appendixes both m situ and after 
excision 


METHOD 


Eighteen appendixes were studied m situ After the appendix was 
delivered into the wound it was held by an Allis clamp applied to the 
mesentery as it joined the tip, and a transfusion cannula was passed 
into the lumen of the organ through the tip The cannula was then 
connected to an easily controlled pressure system (water) with a glass 
tube side arm in which the fluid level could be observed The pressure 
was slowly raised, and the height at which the level could no longer be 
sustained was considered the maximal initial perfusion resistance pres- 
sure Appendectomy was then performed 

Twenty-five appendixes were studied after being removed without 
clamping or handling The mesoappendix was picked up with an Allis 
clamp, and the appendix was delivered into the wound The meso- 
appendix was tied and cut Another ligature was tied around the cecum 
about 1 cm from the base of the appendix A purse-stnng suture was 
placed in the cecum The appendix was excised with that portion of 
the cecum beyond the ligature, and the stump was inverted by the purse- 
stnng suture The tip of the appendix was then cut off, and a cannula 


From the Crown Heights Hospital 

1 (o) Wangensteen, O H . and Dennis C \nn Surg 110 629, 1939 (b) 

Bouers, W F Appendicitis, with Especial Reference to Path^en^is Bactcri- 
Qlog> and Healing, Arch Surg 39 362 (Sept ) 1939 (c) Dennis, C , Buirge, K E., 
^nd Wangensteen, O H Surgery 7 372 1940 (d) Wangensteen O H Pr^ 

Med Chicago 12 266, 1939 (t) Wangensteen, O H ^ ^ ' 

Bcnnis C, and Ritchie, W P A.nn Surg 106 910 1937 (/) Wangensteen, 

^ H , and Bowers, W F Significance of Obstructive Factor in Genesis of \cutc 
Appendicitis Experimental Studv, \rch Surg 34 496 (March) 1937 
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was tied a few millimeters into the lumen The initial resistance to 
perfusion was then determined m the same way as in the unexcised 
specimens All specimens were then examined histologically 

Table 1 hitttal Resistance to Perf^tsion of Unevcised Appendixes 


Case 

PerXuilon 

Heslstanco 

Pressure, 


Conditfon of 


Cm Pecalith Org’un 

Operation 

1 

Over 

150 


Acute 

tangrenous 

appendicitis 

Appendectomy 

2 

Over 

150 


Acute 

suppurative 

appendicitis 

Appendectomy 

3 

Over 

160 


Acute 

suppurative 

appendicitis 

Appendectomy 

4 

134 


Normal 

Appendectomy 

5 

100 


Acute 

suppurative 

appendicitis 

Appendectomy 

0 

S2 


A'ormal 

Suspension of uterus 
appendectomy salpingo- 
oophorectomy, right 

7 

02 

— 

Normal 

Herniotomy, appendectomy 

8 

60 


Acute 

gangrenous 

appendicitis 

Appendectomy 

0 

62 

+ 

Acute 

suppurative 

appendicitis 

^Appendectomy 

10 

4> 

— 

Normal 


n 

43 


A^ormal 

Resection of broad JJga 
ment and veins of left foot 
presacral nerve resection 
appendectomy, partial 
resection of right ovary 

12 

40 


Acute 

suppurative 

appendicitis 

Appendectomy 

13 

38 


Acute 

suppurative 

appendicitis 

Appendectomy 

14 

35 

4" 

Normal 

Sterilization suspension 
of uterus appendectomy 
hemorrhoidectomy 

15 

20 

+ 

Normal 

Appendectomy partial le 
section of right ovary 

10 

10 

— 

Acute 

gangrenous 

api)endlcltls 

Appendectomy 

17 

5 

— 

Acute 

suppurative 

appendicitis 

Appendectomy 

18 

4 


Normal 

Resection of terminal Ileum, 
cecum ascending colon ana 
half of transverse colon 


CommeDf 


Pressure susfajns'l 
to 35 cm I? 
eM)eUed 

dropM to 


Since the question under consideration is the role o 
luminal pressure as a factor m the pathogenesis of acute 
for the purpose of tbs discussion all appendixes 
evidence of acute inflammation are classified as norma 
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RESULTS 

In table 1, cases in which the appendix was perfused in situ are 
isted in the order of the initial resistance to perfusion There were 
appendixes which resisted perfusion despite a pressure above 150 cm 
of water All 3 showed appendicitis and contained fecaliths w'hich were 
0 structing the lumen At the other extreme, however, w'as a case 
(case 17) of acute suppurahve appendicitis in which there w'as an 
initia perfusion resistance of only 5 cm of water Between these two 
extremes, cases of acute appendicitis were observed in which the resis- 
tant pressures were 106, 56, 52, 40, 38 and 16 cm of water respectively 
On the other hand, the normal appendixes in this series were almost 
evenly interspersed between the inflamed ones, with pressures of 134, 82, 


Table 2 — Excised Appuidi res 


Ca£6 

W 

20 

21 

22 

23 

24 

25 
20 

27 

28 
20 
•JO 

31 

32 

33 

34 
3o 
30 
37 

35 

39 

40 

41 

42 

43 


Pressure, Cm 

loO 

loO 

loO 

160 

120 

160 

150 

120 

120 

IIU 

07 

Oj 

00 

00 

7G 

Gj 

GO 

67 

62 

44 

36 

86 

35 

20 

0 


Cecum 

Absent 

Present 

Present 

Present 

Present 

Present 

Present 

Present 

Present 

Present 

Present 

Present 

Present 

Absent 

Present 

Absent 

Present 

Present 

Present 

Present 

Absent 

Absent 

Present 

Absent 

Present 


Pecalltb Condition of Organ 

+ Acute suppurative appendicitis 

+ >iormal 

+ Acute suppurative appendicitis 

+ formal 

+ Normal 

+ Normal 

+ Normal 

+ Normal 

+ Acute gangrenous appendicitis 

+ Normal 

— Acute necrotizing appendicitis 

+ Normal 

+ Normal 

— Normal 

— Normal 

— Acute gangrenous appendicitis 

— Acute gangrenous appendicitis 

+ Acute gangrenous appendicitis 

— Normal 

— Normal 

— Acute suppurative appendicitis 

— Acute necrotizing appendicitis 

— Acute gangrenous appendicitis 

— Acute gangrenous appendicitis 

— Acute gangrenous perforative appendicitis 


45, 43, 35, 20 and 4 cm of water None of the normal appendixes 
sustained pressures as high as did those in cases 1, 2 and 3, in which 
^cute appendicitis was present 

lu table 2, cases in which the appendix was perfused after excision 
listed m the order of the initial resistance to perfusion In this group 
1 C absence of correlation between initial perfusion resistance pressure 
1 acute inflammation is even more striking than with the appendixes 
150^^^^^ ^ appendixes which resisted a pressure of over 

ciu of water, 4 were normal and 3 were acutely inflamed In the 
Remainder of the table the normal and inflamed appendixes are fairly 
'^uly dispersed, as they were in table 1 
In table 3 the cases in tables 1 and 2 are combined and arranged so 
normal and acutely inflamed appendixes are separated and listed 
*** order of their initial resistance to perfusion In all ca^eb of 
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resistance to pressures of 110 cm of water or more there were fecaliths 

ere acutely inflamed, and those in the remaining 7 were not 
Of the appendixes in the remaining 29 cases, 7 had fecaliths Of 
these, 4 showed acute appendicitis (57, 56, 52 and 20 cm of water 
respectively), and 3 were normal (90, 35 and 20 cm of water respec- 

vey) he remaining 12 were acutely inflamed, and 10 normal 
appendixes had no fecaliths 

In short, in the 43 appendixes in which the initial perfusion resistance 
pressure was measured there was no definite correlation between resis- 


Tabxj: 3 Initial Resistance to P erfiision of Normal and Inflamed Appendixis 


Acute Appendicitis 

Pertusfon Resistance 

Pressure. Cm Fecollth 


160 

160 

160 

160 

160 

150 

220 


+ 

+ 

+ 

+ 


Normal Appendixes 

^ — A 

Perfusion Resistance 


Pressure, Cm recalith 

150 -f 

150 + 

150 + 

160 -r 

m + 

120 

UO T 


106 

97 

65 
GO 
57 

66 
52 
40 
88 
SO 
80 
35 
20 
16 

5 

0 


+ 

+ 

-h 


+ 


95 

90 

90 

82 

76 

62 

62 

46 

44 

43 

35 

20 

4 


+ 




tance to perfusion and the presence of acute inflammation There w3S, 
however, good correlation between resistance to perfusion and t le 
presence of fecaliths 


COMMENT 

Wangensteen and Denms have presented data from which they 
have concluded “It appears likely that the chief inciting ageni:y i^ 
bringing about appendicitis in man is obstruction of an appen 
which the mucosa possesses the normal secretory capacity 

Since our data on the imtial perfusion resistance pressure o 
appendix as an mdex of intraluminal obstruction is not entire > 
sistent with their conclusions, it seems worth while to revie 
evidence m detail ■ ii^ 

They studied 22 patients m whom the appendix was 
base and extenonzed coincidentally with the ,,^ta 

In 5 of these there developed intraluminal pressures of cm 
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or more m a manometer connected to a cannula tied into the tip of the 
appendix All of these appendixes had “good mucosa’ m the contro^ 
sections and gave microscopic evidence of “acute diffuse appen ici s 
in sections taken after high intraluminal pressure had develope 

Of the remaining 17 cases, there were 4 in which no sections were 
obtained before obstruction and 14 in which no sections were o ain 
after obstruction 

There were 3 in which sections were obtained ^ struc 

In case 9, in which there developed a pressure of cm o wa , 
there were no control sections, and the condition was repor e 
“mild acute diffuse appendicitis with exudate in the a ter o s 

tion In case 17, m which a maximum pressure ^ 
developed, there was no mucosa in the control section, ut 
a few leukocytes m the muscle layer were observed after ^bstmction 
Cunously enough, m case 20 , in which there was no mucosa in 
trol section, there were mucus and leukocytes in t e rntiscu- 

intraluminal pressure developed No description is given o 
Ians or of the serosa to distinguish the condition in t is case 

diffuse appendiatis '' t 

This IS the sum total of the evidence which Wangensteen “ 
present as “experimental proof of the obstructive origin o 

m man ” , 

A critical analysis of these data suggests the following consideration 

1 Since m 14 cases there were no histologic studies of ^ ^ 

after obstruction of the lumen, no conclusions can e present 

whether the histologic picture of “acute diffuse appendici 
m these (control^) cases , . r - 

2 Since the amount of appendix anTof the “con- 

biopsy in 64 per cent of all the cases studied, P , those 

trol” cases, it seems not unlikely that the X very 

appendixes reported to have acute diffuse appen ici i 

close to the point where cannula was tied 

inflammatory change observed may well hav i,„ntiire 

of tissues m the neighborhood of Wangensteen and 

It becomes apparent, then, that from ^„^rdine the causation 

Dennis no definite conclusions can be drawn ga l^jjcausc such 

.f append.,,, s ,n ,nan Tina ,s .1.. 

eonclusions nnglit have estabhshed the ta “ stud,ed ,n annnals by 
bunian being to the various types of appe 

these imcstigators ^ t ,t is clear that a definite 

rveturmng to the data presented m ro perfusion and 

correlation does exist between high ini i , ^ „ ri,, 7 cases of acute 
'lb presence of fecal, ths Ir .s poss,ble then that ,n the 
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appendicitis in which high initial resistance to pertusion Mas tound m 
the presence of an obstructing fecalith, secretion against obstruction may 
have played a role in the pathogenesis of the disease On the basis ot 
the available evidence this can be neither affirmed nor denied HoMe\er, 
in 13 cases in our series of 23 (table 3) in which acute appendicitis 
developed in appendixes with initial perfusion resistance pressures ot 
60 cm ot water or less, fecaliths were present m onl} 4 This suggests 
strongly that secretion against obstruction is not the only mechanism for 
the development of appendicitis 

On the other hand, the finding ot 7 normal appendixes mIhcIi had 
initial perfusion resistance pressures of 110 cm of water or more and 
contained tecaliths is evidence that obstruction of the lumen does not 
necessarily cause appendicitis 

SUiUMARY AND CONCLUSIONS 

The “initial perfusion resistance pressure” was studied in 43 appen 
dixes removed at operation and wms correlated wuth the histologic 
observations 

Eighteen studies were done in situ and 25 immediately after appcn 
dectomy without clamping or handling of the organ 

The results w^ere similar m the two groups and may be summanze 

together 

1 There is a definite correlation between high initial pertus 
resistance pressure and tlie presence of fecaliths 

2 High imtial perfusion resistance pressure due to obstructio 
fecaliths may occur m the normal appendix 

3 While secretion against obstruction may be a factor in 
genesis of acute appendicitis, it is certainly not the only mec 

4 There was no defimte correlation between resistance to p 
and the presence of acute inflammation 



fibrosarcoma of soft tissue producing 

regional concentric bone 'ABSORPTION 
ORMAND c JULIAN, AID 

CHICAGO 

he relation between the usual t}pe ot soft tissue sarcoma invading 
one an the resulting bony change is well recognized Such a lesion is 
mmon y a fibrosarcoma of the fascial plane which grows with moderate 
pi’oduces ragged absorption of adjacent bone 
of th ^ recorded here is that of a very slowly growing fibrosarcoma 
e soft parts of the forearm which first affected the bones seven 
^^ears a ter onset of the tumor The morphologic structure of the tumor 
ti(^ rnalignant character was not suspected from examina- 

th^h^ ^^^sue removed at the first operation and was never definite on 
bo^ histologic observations alone The unusual nature of the 

o^h resulting from the sarcoma, the great length of the history 
nosis^ diflSculty encountered m making the pathologic diag- 

osis and the results of the conservative therapy used owing to this 
cu ty make this case worthy of an individual report 


REPORT OF A CASE 


Hosom ^ woman 43 years of age, was first seen at the Billings ^femorial 

but ^ January 1934 In 1922 she had fallen downstairs, hurting the left arm 
beneath severe injury One year later, in 1923, a small tumor was noted 
above tl ^ dorsal surface of the left forearm, about 3 inches (7 6 cm ) 

"hen th^^ The tumor grew slowly during the following years until 1930, 

forearm^ ^^*^tral portion became indented In July 1930 a roentgenogram of the 
^^ben because of this tumor, showed, as compared with the same region 
radius ^ ^ sloping reduction in diameter of 3 cm of the shaft of the 

Growth of the tumor No treatment was instituted, and very slow 

As ^ tumor continued, with only occasional slight discomfort in the region 
111 c ^^^^^Senogram, taken in June 1933, showed a more advanced diminution 
^f the radius 2 to 3 inches (5 to 7 6 cm ) above the wrist (fig 1) 
jjj the 1 the patient sustained a fracture ot both bones of the forearm 

"eck tumefaction The arm was immobilized in a cast for eight 

^he time of examination at the Billings Hospital, Jan 26, 1934, the 
^"rcs were unumted 

soft the fracture level there was seen an indurated umbHicatcd 

tumor** of the skin and subcutaneous tis&ue of the dorsum ot the 

^roni the Department of Surgery of the Universiti ot Chicago 
resented before the Chicago Pathological Socict>, March 11, 19 j 9 
M 1 '^ork was aided b> a grant from tlie Douglas Smith Foundation for 
" ktsearch of the University of Chicago 
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Figure 1 

(See legend on opposite page) 



Figure 2 

(See legend on opposite page) 
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forearm (fig 2 4) In a roentgenogram (fig 2 B) the radial fragments showed 
a 2 to 3 cm segment of moderate concentric absorption of the ohaft, centering on 
the fracture line The ulnar fracture was at about the same level, but the frag- 
ments showed no absorptive change 

Open reduction with bone grafting was performed on January 26 by Dr D B 
Phemister With the tumor of the soft parts excluded from the field, the radius 
was exposed at the fracture level through an anterior incision The shaft was 
found to be reduced nearly to one half of its normal diameter at the fracture site 
There was no peripheral callus or evidence of tumor on the fragment ends A small 
amount of callus between the bone fragments was curetted out, and a strip of 
periosteum 3 cm long was cut from the upper radial fragment Two full thick 
ness bone stnps from the right tibia were placed as onlay grafts, one anteriorly 
and one laterally After closure of this wound a large biopsy specimen was taken 
of the depressed lesion of the skin and subcutaneous tissue A cast was applied 


Pathologic Report — The tissues were examined microscopically The section 
of skm and subcutaneous tissue taken from the depressed lesion contained a layer o 
thin squamous epithelium with little cornification The corium and the su cu 
taneous tissue were completely replaced by fibrous tissue This fibrous tissue in 
different areas varied in maturity and in cellularity In the more dense ^ ^ ^ 
regions (fig 3) the cells were large and were spmdie and oval shaped, 
chromatin and distinct chromatin-perichromatin differentiation No mitotic gu 
were present The cells were arranged in streams and whorls No palisa mg 
the nuclei was evident The callus from between the fragments was ^ 

mature collagenic connective tissue, with several spicules of living cance ous 
The periosteal stnp had a thin attached layer of cortical bone Along t e 
surface was an interrupted line of periosteal new bone and more super cia y 
layer of condensed collagen, thickest near the fracture, which represente ^ ^ 
stimulated by the fracture. Dense, mature fibrous tissue (fig 4) seen 
^ct with the cortical bone at the end away from the fracture 
produced a broad, smooth indentation in the cortex Examination o p-Uv 

edge from this region towatrf the fracture disclosed, beneatli the ^ra^at cy 
stimulated callus and new bone, numerous lacunar spaces resem mg 
lacunae in form but contaming no giant cells The last-mentione a ^ 
cntly represented the pathologic process which produced the concen nc ^ 
noted >n the roentgenograms taken before the fracture No t.ssue rcsembhng 
tumor was present , mpnt- 

The cast was removed on Maxell 26, eight weeks . concentric 

genogram showed bony union of the fracture A mild degr -yi "biopsy 
absorption of the ulna was then noted at the healed fracture si e P 

wound” of the depressed lesion had healed, but after a few months it broke 


Fig 1 — Roentgenogram showing reduction in the 
(June 1933) 


circumference of the radius 


2 — photograph of the arm two 
nonunion, showing the tumor of the forearm 
^ both bones, sustained in November 1933 
^3rro\\ed region shown m figure 1 


nths after fracture with resulting 
Its depressed center B, fractures 
'he radial fracture is through the 
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On November 7 a deep ulcer was present in the indurated zone on the dorsum 
of the forearm The hard edge of the ulcer was narrow and the base crusted 
Biopsy material from the base and edge was taken on this date 

A section taken from this biopsy tissue contained a segment of skin whidi 
was normal to the abrupt, unelevated edge of a shallow ulcer The floor was 



Fig 3 — Photomicrograph of a less mature area ni tin. 
tissue The tissue was taken at the time of the first bone gra 


covered by a superficial thin layer of necrotic tissue, bciiea ^ 

taneous tissue was replaced by very immature connective tiss ^{ra .'i 

tissue were round and spindle shaped and formed inva lUg 






JULIAN — FIBROSARCOMA OF SOFT TISSUE 


1261 


Mmpying the immediately subcutaneous tissue and extending m some areas into 
the subcutaneous fat One definite mitotic figure uas seen (fig 5) 

of the'^cer malignancy, excision of the entire field 

eide g t wl a" done on December 3 A full thickness 

g aft was applied to the area after excision of the lesion At operation 



j ^ Photomicrograph of the proximal end of a piece of periosteum, showi 
’ '’0"tumorous fibrous tissue encroaching on the corte>. of the radius 


^<^ular tissue was found invading the subcutaneous tissue It extended 
• . ? uas dissected off the tendoiib and ulna iome tissue being 

behind 
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normal thickness m the region examined There was a mild inflammatory mfil- 
tration m the narrow necrotic border of the ulcer The superficial layers of the 
dermis showed densely collagenous scar tissue with sparse normal spindle cell nuclei 
However, below the dermis a different type of connective tissue was seen Here 
the cells, which formed nodular whorls and streams, varied tremendousl> in size, 
density of chromatin and shape These cells m the subcutaneous tissue infiltrated 
from below the more superficial “normal’^ scar tissue m several places Onl) 
three or four mitotic figures were seen m several sections of this invading t>pe 
of tissue However, the pleomorphism, immaturity and hyperchromatism ‘sug- 
gested a slowly growing sarcoma Sections of the deeper nodules contained the 
same pleomorphic tissue 

The wound healed by the end of January 1935, and no sign of recurrence was 
observed grossly However, m March several scattered nodules suggesting sar- 



a re'I ^7^°^"‘eenogratn taken in October 1936, showing the ulnar fracture m 
tissue °h a concentric absorption The radial graft is united The soft 

Shadow shows the position of the full thickness skin graft 


hnd subcutaneous tissues over the side and front of the 
No axillary metastases could be felt , 

on thrUf'" given from March to July, 1935 A single dorsal porta^ 

oame t T™ 5,038 r By June the subcutaneous nodules had disappeared 

S to the radiation therapy 

remained free of symptoms and signs of recurrence until Octo 
“<ie'of IV, ^ *^egan to have a recurrent painless clicking sensation in * ’c Ji 
'Ms.der.Ki site of the old fracture A roentgenogram show^ 

Wat f* 'rosis of the reconstructed radius The radius was intac 
61 center of a region of extensive concentric a sorp 

t IS tune several cutaneous nodules had recurred Biopsy specim 
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were taken and showed tissue of the same morphologic character as that 
the edge of the ulcer already described 


seen m 


Roentgen therapy (735 r) was given again at the end of October 1936 A rocnt- 
pnogram taken in March 1937 showed further absorption of the ulnar fragments 
leaving a gap between the ends The patient returned on May 24, complammg 
o pam in the forearm and loss of function of the wrist, the radius having been 
refractured through the grafted region The patient was readmitted to the hos- 
pital for operation 


Operation was done on May 26 No callus was seen m the fracture region. 
The tissues about the bone were scarred, but there was no gross evidence of tumor 
A 4 inch (10 cm ) tibial bone graft and several cancellous bone chips were placed 
at the fracture level After closure of this wound a second inasion was made 
over the back of the ulna A fracture of the ulna with spindle-shaped absorption 
of the ends of the fragments was found The periosteum, which was thickened 
over the lower fragment, was reflected from both fragments Beneath the pen 
osteum of the lower fragment there was grayish tissue which looked like a thm 
layer of sarcoma. This was excised No tumor tissue was found m the correspond 


mg region of the upper fragment, but a strip of periosteum from here and several 
pieces of callus-hke tissue from the fracture line were taken for examination. 


A whole thickness tibial graft and cancellous bone chips were applied at the frac 
ture level 


Microscopic examination was made of all tissue removed The bone chips and 
callus from the radius showed no tumor The section of periosteum from the ulna 
showed various changes compatible with a weak attempt at healing of the fracture 
The callus which was seen m the section showed only slight beginning calcifi 
cation and no ossification There was no definite evidence of sarcoma tissue m 
the region, which represented a segment of periosteum of the upper fragment 
inches (3 7 cm) long The section made of the gray tissue found on t e 
distal ulnar fragment contamed tissue similar to the infiltrating tissue seen m 
the biopsy specimen previously studied. The cells showed enlargement and 
tion m size and definite hyperchromatic staming of the nuclei No mitotic ngurc^ 


were seen m the sections studied 

When the cast was bivalved, on July 26, an ulcer of the skin 5 cm m 
was found to have developed medial to the pedicle skin graft, exposing t e 
fascia Chmcally, fibrous union of the fracture and grafts had occurred 
genogram showed the grafts and fragments in good position, but there u 
defimte bony union The ulcer remained unhealed despite removal of o 
caused by the cast, and dead portions of the tibial grafts of the radius 
were sequestrated during the following months Two small nodules recu 
the back of the hand in March 1938, biopsy specimens were taken 

Pathologic Report — Gross Observations The specimen covl^ 

shaped piece of skin and attached subcutaneous tissue Nothing a 
be seen on the surface of the skm, but on palpation one could ee 
subcutaneous tissue which seemed to be less than 0 5 cm m lame e 

Microscopic Observations The section was through skm an 
tissue In the depth of the subcutaneous tissue there was a ' having 
lesion This lesion was composed of large, somewhat celli 

and oval nuclei The nuclear pattern was distinct m ni ^ by a ^ 
were no mitoses The central portion of the lesion had cn re u'** 

staining hyaline tissue which continued penpherally ^ ^ ^v^cre ro 
cellular portion of the nodule as pink-staining fibers 



spccim in the subcutaneous tissue of a nodule from which a biopsy 

contin ^cn m March 1938 Note the central hyalinizcd portion and tiic 

on of the hyaline fibers out into the peripheral portion of the lesion 


composed of h> aline fiberb (fig 7) and not of necrotic 
*rhc h. ^ stain of tins section showed no orginiMiib 

now almost completeb functionicss, and a roentgenogram taken 
PrcMo*^ f ^ revealed a complete fracture of the radius at the same Ic\cl as tlic 
^ fractures. The radial graft distal to the fracture line was abbCnt, Iminc, 
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been sequestrated The graft proximal to the fracture was firmly united to the 
shaft 

On July 5 the arm was amputated l ]/2 inches (3 7 cm ) above the condyles of 
the humerus 

Pathologic Report — Gross Observations The specimen consisted of the left 
forearm, the elbow and the distal 3 inches (7 6 cm ) of the humerus Four centi- 
meters above the radiocarpal jomt there was an ulcer measuring 4 by 25 cm 
over the dorsal radial surface of the forearm Its edges were shiny, white, scarred 
and firmly attached to the underlying bone The floor of the ulcer was a surface 
of bone This bone appeared to be dead Over the interosseous area, forming 
the ulnar border of this large crater, there was a full thickness graft which was 
firmly healed in place except where it bordered on the ulcer already described 
and m two small areas on the lateral side, where breaking down had occurred* 
The subcutaneous tissue about the ulcer and graft was markedly fibrous and was 
frozen to the underlymg bone There was a linear scar at the level of the con 
dyle of the radius in which there was a hard shotty nodule measuring about 
0 75 cm Three smaller nodules were palpable in the skin of the dorsum of the 
hand These were small and superfiaal, projecting above the skin. The forearm 
was narrowed at the level of the ulcer 

The bones of the forearm, when stripped of all soft tissue, presented very 
irregular surfaces The radius was fractured directly beneath the soft tissue ulcer 
This fracture showed no attempt at healing Extending from this fracture pro\i- 
mally for a distance of 5 cm there was a solidly umted portion of bone graft 
The distal one fourth of this graft appeared white and dead, ^ sharp transverse 
groove being present at the junction between the living and the dead bone The 
distal fragment of the radius was narrowed as it approached the fracture hne, 
the fragment appeared to be alive 

The ulna was markedly thinned for a distance of about 4 cm , centering on 
pomt opposite the radial fracture In this narrowed region the medullary caviy 
of the bone was completely obliterated by dense bone The remaining g^a 
bone had remained umted, and its boundaries were indistinguishable on the 
surface of the ulna 

Microscopic Observations The sections mcluded the various nod es 
back of the hand, the nodule found m the cutaneous scar at the 
of the scar tissue from the region of the fractures and sections of the on 
stitutmg the distal 18 cm of the radius and the distal 9 cm of the u na 

The radial segment was sectioned in two parts They showe t e ^ 
end, a long portion of the shaft with fracture and a totally fuse ^ 
bone graft on the proximal fragment This graft represented t e 
ment of the first graft applied Its distal end formed the proxima ^ 
bony floor of the ulcer crater seen in the gross specimen * fibro 

articular cartilage of the distal radial articulation was replace comp e 
carblage The articular cortex of the bone was thin and in some p 
The atrophic cancellous bone of the distal end of the shaft was con^ 
widely spaced trabeculae The marrow here was fatty T e cor ^ 
end was thin but rapidly became thicker proMmally, where it assu^^^^ 
abnormal architecture The bone retained its lamellar pattern, ^ pH 

were thick and branching Some of these were compose ot 
tatty marrow near the distal end of the radius was m\a e 
of anaplastic round and oval cells arranged m w'horls an strea 
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cells had laid down a small amount of collagen and had stimulated a fibrous 
toue reaction about them of normal adult fibroblasts One er two mitotic figures 
were seen m the sections examined This same tissue was present in one large 
area on the surface of the radius over the region of mvaded medullary canal 



Tig 8 Photomicrograph of a section of the radius in the amputated specimen 
'c medullary cavity is invaded b} tumor tissue. Several spicules of dead tan 
""”ous bone arc in tlic field 


^ JC graft was seen to be firml> fused vvitli tJie shaft oi the pruxunal irag- 
*‘^tdms The graft itself was composed of cortical bout some oi 
b ^fib The medullar> spaces of the graft were fillenJ predoimnanlK 

^ rous tissue, but a few areas showed invasion b> tumor The distal end of 




sl.oucd (he cin '» tiK soft t 

u/inr Segment entirely dead ho 

|«c. — -— ‘°"' “ „, 
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°! sliowccl small collections of sarcoma tissue m 

scarrT'rf ' tJ^suc. The tissues taken from the firm 

necUv^tK verj dense collagenous con- 

necuve tissue with frequent infiltrates of tumor cells 

After operation, the humeral stump healed without event, 
third" of "“"“^"dcr, firm nodule was noticed in the upper 

be scar tic^im ^ situated exactly m the inasion it was considered to 

However, its center became depressed, forming an umbilicated 



of ti, ^ Depressed surface of the tumor nodule which developed m the scar 
the right leg 


fibrous lesion. It was exased m March and revealed immatiu'e 

similar to that seen m various other nodules and tissues already 
r wound healed rapidly and at the tune of this report shows no 
of recurrence 

tumor to attack the skm was agam observed m Novem- 
ti^ nodule was found in the scalp On excision the same low grade 
Were t Several more nodules then appeared m the scalp and 

At ^ ^ ^ ^^^^nary 1940 by application of radium 
^cccKin ^ present report the patient is free of local recurrence but is 

S roentgen therapy to the scalp to supplement the radium therapy 
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CUM MI .N r 

DutToi ‘|;f' ■' fibrosarcoma ot the sod 

,n , '■“‘rr-iitnc absorption ot the 

irst operation tlicrc was no grosb or microscopic evidence 
tumor at the iraetnre site or on the surtace ot the fragments 
he late appeaninee ol a ^.areoinatous Icbion m the wound in the leg 
ii> ol great interest when one eonsiclers the sequence of surgical pro- 
eec tires the opemtion clunng uhicli the gratt was taken from diis 
region Ihe tumor ot the sott parts had been excluded from the 
incision in the arm, and the only tissue handled ^\hich gave possibilit} 
ol transplant was that about the radial Iracture This tissue sho\\ed 
neither gross nor mieroseopie evidence ot malignancy However, the 
act that sarcoma tissue W'as almost certainl} transplanted from the 
fracture site throws considerable doubt on this e\idence 

The histologic stiucture of the eutaneous nodules, of the various 
tissues rcmo\ed at operation and of the tissue iinading the bones found 
after amputation was not in itselt diagnostic ot a malignant neoplasm 
but lather suggested an immature fibroma 

1 he possibility of a leprous infection was suggested by the roentgen 
appearance of the forearm, and one of the cutaneous lesions strongly 
suggested a chronic granuloma (fig 8) Acid-tast stains of several ot 
the tissues gave negatne results 

The cause of the primary osteol 3 ^tic process m the radius is obscure, 
though malignant disease was suggested b^ the transplant ahead) 
described It might be explained on a basis ot vascular changes asso- 
ciated with the growth of a tumor m the immediate vianity 

Osteolytic changes following trauma, wuth or without fracture, are 
well recognized However, the so-called post-traumatic painful oste 
oporosis (Sudeck's atrophy) is most frequently seen in the hands aiK 
feet and takes the form of generalized motli-eaten osteoporosis of a 
region and not that of concentric absorption of a short segment of bone 
Recently, several cases reported by French authors ^ have been 
grouped as examples of essential osteolysis In these cases there was 
very slowly progressive, usually concentric, absorption of a segm 
of the skeleton In all except 1 the lesion w^as preceded by a 
trauma In tliose in which the patients were operated on, no de 
tumor was found Bone grafting, done in 2 of these cases, ^ 
comparable to those obtained m my case The lesion extende to 

1 Radulesco, AD Un cas cuneux d’osteolyse complete de 1 ^ 

infeneure, J de radiol et d'electrol 21 304,1937 Mouchet, A , and 
Ost^olyse du bassiu d'ongine indetermine, ibid 21 263, 1937 Dupas, 

P , and Dayde, G Aspects radiologiques d’une osteolvse essentie 
de la maine gauche, ibid 20 383, 1936 
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graft 111 each case and produced coiieeinrie absoiption No \ascular, 
endocrine, metabolic, hereditary or innamniator\ factor was found m 
these cases, but a neoplastic process could not in anv case be ruled out 

SUM MAR\ 

V case covering a se\entecn jcir history ol slow concentric absorp- 
tion of both bones of the forearm is presented The diagnosis was made 
of soft tissue fibrosarcoma ot \ery low grade malignancy This was 
supported by the finding ot cutaneous nietastases Other possible 
diagnoses — granuloma, nolabh leprosy, Sudeck’s atrophy and so-called 
essential osteolysis — are discussed 
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Anotiialy — MacXenzie ^ reported a case in which two separate dm) 
cal entities occurred in the same organ , namely, cystic inflamniatioii ot 
the pelvis and ureter and embryonic defect or lack of development that 
had occurred during intrauterine life 

Cystic disease of the urinary tract is primanly a disease of old age, 
occurring in persons of either sex from whom a history of disturbance 
or definite mflammation of the urinary tract can be elicited The con 
dition IS reported to have occurred in several cases of double ureter, and, 
as in MacKenzie’s case, it may occur in conjunction with congenital 
renal hypoplasia 

MacKenzie admitted that prohferative renal fibrosis and chronic 
pyelonephritis with interstitial and glandular degeneration as encountere 
in his case may be termed “renal atrophy” However, his assumption 
was that these changes represent secondary atrophy superimposed 
hypoplasia, the latter being purely congemtal in origin 

1 MacKenzie, D W Renal Hypoplasia with Pyelitis Cystica a^ 

Cystica Report of a Case and Review of the Literature, Tr Am A cn 
Surgeons 32 321-335, 1939 


1272 



scmu BT AL-m O'- 

, .l.dnu l^vo of the patients 
Smith* reported 8 cases of ^ectomy for hydronephrosis, 

3 underwent pyelolithotomy and ^,,ere exhibited 

Symptoms of pressure by the isthmu on he g ^ ^ 

by 2 patients The need for inves '8‘ ^ did not advise 

division of the isthmus is done „gns or symptoms of 

division of the isthmus m such patients should have 

pressure on the great vessels but ^tat^d ^ ,, sure 

the benefit of repeated excretory urogranis i ^ ^ d 

against the development of renal ^am^g be divided when 

m have stones or hydronephrosis, the Imm^^ 

the operation for stone or hydronephros ^^bercu- 

Tufierca/or, .-RandalP J, ^own and proved existence 

losis of thirty-seven years standing of the repo , 

from the Pme the patient was 18 Voting the patient weighed 

when the patient was 55 ^ ^ appearance of enjoying pe 

190 pounds (86 Kg ) and had ^^^onis were observed, but 

physical health Actually no ^esm^ oaLge of renal calculi cause 
intervals of trvo to three months the passag 

fever, pain and occasionally hematuria , , f progress of the dis 
In explainmg the unusual latency and ddy^^ ^ru- 

ease, Randall stated that the ° £ high But he f f f 

lence or the resistance of the host ^f^gerence m ren^ a a 

the belief that there is a basically di gnt, are simu tan^eo y 

when the two organs, each of norma obstruction While ^ 

affected to an equal degree by diseas ^^^^^eral renal death w i 

studying by means of urograms t e . . gradually occlu es 

occurs when malignant tumor o ^ ^vhich the renal 
ureteral onfice, Randall observed cas obstructed from the re P 
d,Sere„t when both ureters 'vere eqt^^'y When o»« 

noted when only one ureteral to function, and the pp 

onfice was occluded, its kidney quie without symptoma ic 

site kidney earned on bodily which the trvo j 

plaint or physical change But m cases m bod ly 

about equally mvolved, pictures o bvdroureters and onse 

demands were observed, and bi gflorts and the rena 

of increasing degrees pictured na ultimate pom 

to fight to the last ditch, so to sp» j organs to fad 
counterbalance before allowing A Gemto-Unn 

. m .te Horresb* K.tor. 1r A" 

2 Smith, G G Surgery m the 

Surgeons 32 73-83, 1939 Tuberculosis A Unique Case. 

3 Randall, A Bilateral Renal 
35 38 (Jan) 1940 
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Randall e\i)iessed the belief that in the case of bilateral renal tuber- 
culosis which he repotted there was evidence of nature’s compensatory 
efforts to carry on vital function when the two organs are equally 
involved, for it was impossible for either organ to shift its burden and 
functional responsibility to an uninvolved mate 

De Langre * reported a case in which renal tuberculosis was asso- 
ciated with cysts of the kidney in a girl 16 years of age The patient 
had never had any renal or vesical symptoms until pyuna had made its 
appearance, one and a half years prior to her examination by De Langre, 
and it had been discovered in the course of a general examination for 
a state of fatigue Mycobacterium tuberculosis subsequently was found 
in the patient’s urine, and nephrectomy was performed for a tuberculous 
right kidney Examination of the speamen revealed the presence also 
of a number ot small cystic cavities and tuberculous granulations 

On the basis of what Roubier, Cibert and Barral wrote m 1935, only 
6 cases of this kind appear to have been found in the literature The 
case discussed here differed slightly from the others, in all of which 


there were true polycystic kidneys The kidney in the present instance 
contained numerous cysts but was not much increased m size, and the 
cysts were small, being properly termed microcysts of the kidney ratlier 
than the type commonly observed in polycystic kidneys The patho- 
genesis of such cysts, however, is not clearly understood The designa- 
tion “cysts of nephritis” is well suited to those found in the kidneys of 
elderly persons or in kidneys affected by chronic nephritis, but the 
patient m De Langre’s case was very young and had never shown an) 
signs of having had nephritis earlier Nor does it appear that tuber 
culosis was the cause of the cysts in De Langre’s patient All n s 
of transitional stages could be observed, in fact, from cysts with ’ 
walls, invested with endothelium, to cysts with granular seeds 
wall and cysts transformed into tuberculous caverns The 
in this case was clearly secondary, grafted on the cysts The i}po ’ 
of renal malformation, comparable to that of polycystic kidney, 
more acceptable as an explanation of the mode of formation 


cysts than is tuberculosis , „grfedh 

The other kidney of De Langre’s patient appeared to be p ^ 

sound , it could not be palpated, and the pyelogram ° | ® ^onclusion 
cahees showed them to be normal The case confirms 
reached by Roubier, Cibert and Barral that tuberc ous 
become grafted on a preexisting polycystic kidney drainag*- 

Keyes ® discussed closure of the wound m the om ^vliom ht 

after nephrectomy for tuberculosis Of the patien s ^ j 939 

4 De Langre Tuberculose et kystes du rein, J d urol 47 

5 Keyes, E L The Closure of the Lorn Wound W Aou^ 33 37 ^ ,939 
Nephrectomy for Tuberculosis. Tr Am A Gemto-Unn Surg 
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rmovd tuberculous ki(]nc\ j-n.ul uho suimnuI and were fnlioued for 
no e than a jear after operation, damps Ind bcui left on tl.e pcd.ck 

« tiLtTe a r ' T^o 

and fi\e ^ tiihcmilosi-, three 

X- were 

drainage witliom el imp- ml ulio 
rZh^ZV tuberculosis six, six and timuen eea.-, 

TZ One had died of embolus 1 u o p men.s 

111 a ’ und tuelve ^ea^s resp.,„..k ,,1.. 

after operafaOT respectu dy eight, eleven md tvMnt\ \cirs 

10 wfrf a "a treated by suture without drainage and lolloued 

,1 of tuberculosis, and 13 (more tliaii hih) ucn 'ilne and 

«eii, at the time of the report 

With the result of tlub experience he w is impressed 

in the iicplircctoim for tuberculous kidiK\ the 

loin If th^ ^ iiiixcd infection and sinus formation in the 

^ tempest ^ opens after complete closure, this tact need not iinph 
wounds t ^ prolonged convalescence Drained tuberculous 

^0 belief th^^ ^ ^'cll, undrained wounds do better Keyes expiessed 
th results of modern atraumatic surgical technic will be 

the loin ^0 d the last war, namel 3 % 20 of 23 wounds in 

one of dram whatever, and two sinuses formed, 

Jio longer t ^ &ra\e one He stated that since surgeons are 

timid ^hout tjnng the renal artery, it is not necessary to be 

0 the tuberculous loin 

tures at th^ stated that m all cases m which definite dense, hard stric- 
^^ter CO the ureter are present in the widely dilated 

There are^^ ^^^terectoiny should be done m addition to nephrectomy 

radiPt. cases in which, for one reason or another, ureterectomy 

Rathb procedure 

tnav the belief that, no matter how careful aseptic 

^vound ^ certain number of bacteria are injected into every 

Pi'etty Well r wrote that nature takes care of such bacteria 

^he lorn 13 ^ a reasonable chance to do so, but any inasion in 

^^cles a fT k traumatizing operation, with much bruising of the 
^ Provided f ^ Much serous exudate forms, and an outlet should 

such exudate , otherwise pressure necrosis may occur, 

6 

Am A r ' ^ P j in discussion on papers of Kandall, Howard and Keyes, 
^"'to-Unn. Surgeons 32 42, 1939 
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uhidi scb the ilngL- for mfcction A simple cigaret dram inserted at 
the clcpciiclcnt angle of tlie jnci^ion and removed in fort) -eight hours 
ceitainl) should not do any liarm, if one proviso is carefull) observed 
1 lie dressing sliould lie done with the same painstaking, aseptic technic 
that ciiaracten/cd the operation 

Deming stated that there are three principles concerning incisions 
made in opeiations tor tuberculous kidneys which should be kept m 
mind b) urologic surgeons The hrst is that all tuberculous tissue should 
be removed Deming advocated removing tlie whole ureter with the 
kidney The second is that protection of the incision should be afforded 
as far as injury to the walls is concerned The third is a surgical pnn- 
ciple which some surgeons forget — complete drainage ot the incision 
Not all incisions are dry In cases m which the incisions are wet a 
dram left m position tor torty-eight or seventy-two hours rehe\eb the 
wetness of the incision General surgical experience tells the urologic 
surgeon that a dry incision heals far better than does a wet incision 
Deming had not had any incision break down during the nine years 
prior to his discussion The fact that resident surgeons in the senuce 
were able to obtain equally good results shows, Deming stated that the 
three principles which he mentioned have some merit 

Colby ® stated that for persons m whom the lower end ot the ureter 
IS strictured or m whom the ureter is much dilated he removes the ureter 
completely In most of his cases, however, the ureter is sunph treated 
by means of phenol and ligation 

None of the patients is operated on until he has been m the sana- 
torium for from two to six months The low incidence of complete 
breakdown of incisions is in contrast to the incidence ot such break- 
downs among persons who have had tlieir kidneys remo^ed without 
the benefit of pievious sanatorium treatment Possibly, the same thiHo 
may be true of similar incisions m patients operated on for disease 
ureter , in other words, the patient's resistance to this disease is broUt, ’t 
to a considerably higher level by means of sanatorium treatment Paiicn^^ 
placed m a sanatorium previous to operation certainly do better at e^ 
operation In onty 1 instance m Colby’s experience in the last 
seven years was it thought necessary to remove a ureter wdiic i ^ ^ 

left m place after nephrectomy This ureter was remove 
patient had persistent pam m that side, and about 6 me es ( a c 
atrophied ureter was removed, in which there was no microsc 
dence of tuberculosis 


7 Deming, C L , in discussion on papers 
Tr Am A Gemto-Urin Surgeons 32 44, 1939 

8 Colby, F H , in discussion on papers of 
Am A Genito-Urm Surgeons 32 43-44, 1939 


of Randall, Houard and K'w-. 
Randall, Howard and 
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Thjuo^ — Wharton ^ btated that the diagnobib of early renal tumor 
must occasionally be babcd on the general clinical picture or on sug- 
gestive evidence, in spite of the absence ot an) single infallible sign 

When there is presumptive evidence of renal tumor, the proper treat- 
ment IS exploration 

Qinical data must be accurate and interpreted with judgment, in 
order that mistakes may be avoided It is, howeeer, a more serious 
error to postpone an operation until the situation is clear than it would 
be to perform an exploratory operation and find no hypernephroma 
The decision requires the exercise of fine judgment, and the surgeon 
who saves lives occasionally will explore and find no tumor Generally, 
however, some pathologic condition is present which will explain the 
bleeding , such bleeding rarely is idiopathic 

It IS usually impossible to distinguish a benign cyst from a hyper- 
nephroma, and it is usuall}'’ unsafe to presume that such a distinction can 
be made 

Preoperative irradiation also may confuse the picture in a question- 
able case and should be reserved for proved tumors 

The lumbar route is preferable to the transperitoneal route for surgi- 
cal exploration of a kidney The transperitoneal operation is indicated 
in cases in which the presence of a tumor has been established and in 
which the situation lends itselt to this procedure 

Barney reported a case in which extrarenal hypernephroma afflicted 
a white man 70 years of age General examination, including the making 
of pyelograms, showed that a huge, partially calcified tumor was occu- 
pying the lower pole of the right kidney At operation it was found 
that the tumor extended up under the costal margin The tumor was 
somewhat necrotic and was markedly adherent to the lower pole, from 
which, however, it could be separated The kidney was not removed 
The diagnosis was hypernephroma The patient died four years after 
the operation, at which time necropsy disclosed no evidence of metastatic 
disease 

Cahill elaborated on two points in Barney's paper concerning 
extrarenal “hypernephromas" First, the term ‘‘hypernephroma" has 
been applied to tumors of a definite gross and microscopic appearance 
These tumors definitely and frequently occur in the kidney, and thev 
have been reported as a rare occurrence in the adrenal body and m 

9 Wharton, L R Hypernephromas That Are Too Early to Diagnose, J 
tJfol 42 713-719 (Nov) 1939 

10 Barney, J D Extrarenal Hypernephroma, Tr Am A Gemto-Urm Sur- 
geons 32 47-56, 1939 

11 Cahill, G F, in discussion on papers of Barney, Kretschmer and Smith, 

^ Am A Genito-Urin Surgeons 32 85-87, 1939 
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I ^°r‘‘ ” '-ssues any 

wnere irom the adrenal region to the testes or the ovary 

In a careful review of roentgenograms of all the renal tumors whicli 

occurred m^tl ^ V ^ound that calcification shadows 

cusLn ^ the tumor in 22 per cent of cases The first pubhshed dis- 
cussion of renal calcification was a paper on renal tumors written b) 
^raasch At that time, based on results obtained at the Mayo Qinic, 
Braasch thought that calcification permitted a rather favorable prognosis 

owever, a nil stated that a review of reported cases led to the opposite 
conclusions A study of large numbers of tumors characterized by cal- 
Cl cation will show more conclusively whether calcification of the tumor 
as an} special effect on the prognosis Calcification apparently is sec- 
on ary to necrosis or hemorrhage Cahill also has found that calcifica- 
tion IS a valuable sign in distinguishing solitary cysts from round tumors, 
depending on the appearance of the calcified deposits 

Nowlin reported 2 cases in which 2 brothers died of malignant 
tumor of the kidney One brother was 67 years old and had undergone 
left nephrectomy, with recovery Death occurred hvo months later from 
pulmonary metastasis The histologic picture was typical of hyper- 
nephroma In the case of the other brother, 62 years old, the diagnosis 
was made by cystoscopy and urograms He refused all treatment and 
died shortly afterward from pulmonary metastasis 

Calcidx — Gutierrez drew attention to the vital problems presented 
by bilateral nephrohthiasis, which in the past was frequently regarded as 
definitely inoperable but for which the indicabons for operation today 
are known to be wider and the prognosis more favorable than ever 
before Nevertheless, determmation of the indications for surgical inter- 
vention and the operative management is still a difficult and serious 
task, requiring experience and the knowledge gathered from observation 
of many individual patients There is no single rule , each patient must 
be treated according to the particular conditions present 

The frequency of bilateral nephrolithiasis is greater than lias been 
supposed, it has been variously estimated to constitute from 6 to 20 per 
cent of all instances of renal stone The mortality rate is more t ian 
double that accompanying the unilateral condition, the destructive 
logic process having always the tendency to destroy the entire re^n^ 
parenchyma, with consequent complete loss of function In addition, 
maintenance of latent infection ultimately leads to anuna and temn 


uremia 


Familial Tendency to Renal Carcinoma, ] Urol 

Bilateral Nephrolithiasis, Vrol 


12 Nowlin, P 
(May) 1940 

13 Gutierrez, R Surgical Treatment of 
Cutan Rev 43 642-652 (Oct) 1939 
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Early diagnosis is ot great importance, but unfortunately the silent 
course of the disease in many cases causes the patients to come late for 
surgical relief, and the fact that the well ad\anccd lesion is bilateral may 
make a fatal outcome inevitable Nevertheless, in every case in which 
nephrolithiasis is of moderate extent, the condition should be considered 
potentially operable Cases in which no operation is permissible are 
those m which renal function is inadequate or m which the urogram 
re\eals tlie presence of too little cortical parenchyma for restoration of 
notion Even in such cases, however, exception must be made of 
certain cases of calculous anuria and far advanced pyonephrotic kidney, 
smee emergency nephrostomy performed for drainage may succeed m 
prolonging somewhat tlie life of the patient 

Among the most important types of bilateral nephrolithiasis are 
ose in which (1) a stone lies m the pelvis of each kidney, (2) both 
stones are of the staghorn type, (3) there is a stone in each kidney and 
one m one ureter , (4) the stone is m an anomalous kidney, perhaps a 
ou e kidney, on one side and in a normal kidney on the other, (5) 
le nephrolithiasis is in polycystic kidneys, and (6) the stone is in a 
^ors^hoe kidney In addition to those, many other types exist, each 
w ich calls for experienced judgment in the choice of an operation 
Diagnosis IS made by roentgenograms, pyelograms and cystoscopic 
examination Functional tests are essential, as are also an estimation 
^ t e amount of urea in the blood and the making of cultures A roent- 
genogram which depicts the kidney as normal does not exclude the 
presence of certain types of stones, which may be revealed only by a 
*rig defect m the pyelogram 

lem^ reported 6 of his own cases to illustrate the different prob- 
und encountered in the surgical management of the condition 

^ er discussion These bring out the importance of proper pre- 
to preparation and adequate postoperative treatment of the patient 
shoT^^ P^^rnanent cure and to prevent recurrence Two of the cases 
ow the clinical confusion which exists m diagnosis, especially when 
^econdary anemia is the conspicuous symptom, with the stone running 
I course Three cases (reported through the courtesy of col- 

too 1 ^ ^^^^strate bilateral coralifoi;m stones afflicting patients who came 
because of too advanced disease and poor general condition, 
operation These 3 cases serve to emphasize the need of recognition 
such conditions before they become hopeless 

nient ^ risk and operative mortality rate depend on the judg- 

surgeon as to the advantageous time to operate, a judgment 
^nd 1 based on renal function, the urea content of the blood 

ced ^ ^ general condition of the patient The nght choice of a pro- 
en rapidity with which it is carried out, the type of anesthesia 

Poyed and the preoperative and postoperative care all will play a 

m the outcome 
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The fundamental principle in these cases is to operate whenever it 
IS possible, first on the better kidney, with a view to having this organ 
in good condition in the event that it is found advisable or practicable 
to perform nephrectoni} on the other kidney For the same reason it is 
always best to operate first on the kidney m which the stone is free in 
the pelvis and is smaller and hence more easily removed by smiple 
pelviolithotomy or nephrolithotomy The power of a kidney to regain 
its function is so remarkable that the principle of conservation is essen- 
tial m treatment of surgical conditions arising in this system The duty 
of the surgeon to save a kidney whenever possible cannot be too strongly 
stressed 


When a kidney contains multiple calcuh, has fairly good function 
and IS not pyonephrotic, it is important, after it has been surgically 
exposed, to examine it fluoroscopically and to make roentgenograms to 
rule out definitely the possibility that stones or fragments may have been 
left in any of the calices or m the renal parenchyma, since these for- 
gotten fragments” not only actually jeopardize the condition of the kid- 
ney but stimulate recurrence and infection, which may result in the 
formation of a subsequent renolumbar fistula and m the persistence o 
renoureterovesical infection 

When renal calculi are larger than tlie normal cahber of the 
and cannot pass spontaneously or by means of cystoscopic and urete 
manipulations, the most common operations required are pelviolit otomy, 
nephrolithotomy, pehnonephrohthotomy, nephrostomy, 
heminephrectomy, nephrectomy and ureteronephrectomy, ^ ^ , I 
depending on the type of lesion and the condition of the in 
patient 

For obtaimng curative results, the maintenance of lumbar 
after any type of conservative operation on an infected ht 
by means of a supplementary nephrostomy tube is of the greates 
importance Furthermore, mere surgical removal of the ^^^^gg 

kidneys by no means constitutes adequate treatment or ^ 
m the modem concept of the relief and cure of these con 
operative care for the purpose of secunng drainage, re e 
and preventing recurrence is one of the most important requ , 

Oppenheimer recommended operative roentgen operatne 

study of the surgically exposed kidney) as a i^lua e ai m 

treatment of renal calcuh In his senes, in 2 stones or frag- 

examinations performed under operative roentgen con r , rotnt- 

ments of stones which could not be palpated or found without 
genogram were located by means of it and were rem ^ ^ 

14 Oppenheimer, G D 

Kidney m Treatment of Renal Calculi, J Urol 43 -o 
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Kearns stated that in many instances the recurrence of stones is 
preventable if proper study is applied to causative factors Application 
of the definite advances achieved in chemotherapeutic measures designed 
to combat infection alone will result in a diminution in the incidence of 
reformation of stone 


\ fundamental requisite to proper preveiitnc treatment lies in the 
administration of vitamin A., augmented by all the other vitamins for 
t eir synergistic action Partial deficiency of vitamin A is a real 
possibility as a factor in the development of recurrent stones Some 
persons have capricious appetities and others have an aversion to cer- 
tain essential foods Still others, because of their economic status, are 
epnved ot these elements, in some, faulty assimilation results m 
varying degrees of deficiency 

Dunng the thirteen years pnor to the time of his report, Kearns 
recommended vitamin A in the diet for the prevention of recurrence 
0 unnary calculosis During this period, among all the calculous 
^tients observed by him, it was possible to follow a group of 164 who 
ered to their dietar} instnictions This group included all patients 
w 0 either passed stones spontaneously or underwent surgical or cysto- 
scopic removal of stone It included also patients with and without 
^ ection There were only 8 instances of recurrence, or 4 8 per cent 
arge number included those who were uninstructed, who failed 
jo ollow treatment or who were untraced An intake of water of 60 
^uidounces (about 1,800 cc ) daily is advisable to promote mechanical 
ing and to insure ample water for solubility of unnary solids 
Trauma Domrich^® reviewed cases reported in the literature of 
unt traumatism of the kidney He reported 55 cases and came to the 
following conclusions 


he only indications for primary nephrectomy are severe hemor- 
^ and extensive destruction of the kidney In a number of cases 
Which conservative treatment is carried out surgical intervention will 
necessary later Bleeding is the 'most serious comphcation and mfec- 
duT most severe Half of Domneh's patients whose kidneys 

^ not heal had infection of the urinary tract later Hydronephrosis, 
l^eteral stricture and renal stones are the most common late complica- 
lons of trauma The stones apparently form around a nucleus of a 
00 clot Nephrectomy is the most common operation Pennephntic 
coss which develops after hemorrhage may be drained and the kid- 
^^cys left intact Patients who have undergone nephrectomy usually 
^n good results and are capable of doing their usual work Indus- 


4^ ^ ^ The Prevention of Recurrence of Unnary Stone, J Urol 

598-610 (April) 1940 

Zt h H Die stumpfen Nierenverletzungen und ihre Folgezustande 

f Urol 33 337-381, 435-465 and 521-541 1939 
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trial accident commissions and insurance companies should take this 
lack of long-continued symptoms into consideration in the adjustment 
of these cases 

Denervation — Wildbolz^^ reviewed the literature on denervation 
of the kidney and discussed the results of his own experiments on dogs 
and also his clinical experience He found that all the nerves to the 
renal parenchyma enter at the renal hilus A denervated kidney elimi- 
nates a greater number of solid substances than does a healthy kidney 
Clinically, the best method for denervation of the kidney is mechanical 
destruction of the nerves situated along the renal hilus Wildbolz and 
Schneider showed that this can be done by animal experimentation 
They found also that the flow of blood through the denervated kidney 
IS 60 to 100 per cent higher than the flow of blood through a normal 
kidney The effects of denervation last about six months 

Wildbolz also discussed the clinical results obtained in 61 cases 
Denervation is useful only in those cases in which the underlying 
pathologic process can be cleared up during the six months in whicli 
the effect of denervation persists Results are most satisfactory in cases 
of acute nephritis, which endangers the life of the patient by anuria 
or which may develop into chronic nephritis Results are also good 
with hematurias of unknown origin If, after surgical exploration, 
conditions are found in the kidney other than those expected, denerva- 
tion should not be done, since it might possibly cause harm This 
operation is definitely not a panacea for diseases of the kidney, but ui 
its proper place it is a very useful procedure 

Aneurysm of the Renal Arteries — McClelland discussed aneurysm 
of the renal artery, of which trauma is the most common cause 
history of a previous injury or of contusion of the kidney usu y 
obtained, and later the signs and symptoms of the aneurysm 
Arterial disease itself, causing degenerative changes, ^ 

associated with arteriosclerosis, periarteritis nodosa and syp is* 
the formation of aneurysm 

Hematuria, pain, swelling and pulsation are the usu ^J^P 
There may be a slowly growing swelling in the flank e ^ 

progressive and is accompanied with a dull throb over t e 
few instances a systohe bruit occurs over the mass an is 
Hematuria may appear weeks or months after the ^ 

Mathe stated that in only 7 of 56 reported cases was 
diagnosed or suspected before death of the patient or oj^ra . 
roentgenogram is of great value A ring shadow denser at its pc I 

rnpfl 

17 Wildbolz, E Ueber die EnervaUon der Niere, Schwetr 

69 825-829 (Sept 16) 1939 t- A Gcmm Irw 

18 McQeUand, J C Aneurysm of the Renal Artery, r 
Surgeons 32 169-175, 1939 
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and situated at the liilus ot the kidney is diagnostic A pyelogram will 
show this shadow to be entirely separate from the pelvis or the major 
calices It may be situated directly between the two major caJices 

Thirty-five of 56 untreated patients died Se\enteen of 21 patients 
operated on were sa\ed from certain death by remo\al of the kidney 
Death occurs as a result of exsanguination and is usually caused by 
hemorrhage into the peritoneal ca\ity, around the kidney or into the 
urinary tract Most of the patients die within a year from the onset 
of the swelling and pain 

Operation should be performed as soon as the aneurysm is suspected 
The true aneurism is treated by nephrectonn through an incision m 
the flank 

Infection — Nesbit and Dick stated that acute staphylococcic infec- 
tions of the kidneys are relatively common They are hematogenous in 
ongm, the lesion being cortical and showing a tendency to heal promptly 
and completely 

Costovertebral pain, tenderness and fever are constant The urine 
rarely contains pus, but the stained sediment reveals cocci Secondary 
bacillary infection of the urine frequently occurs The disease tends to 
run a stormy, although self-hmiting, course, ending in complete recovery 

Surgical complications occur in approximately 10 per cent of cases, 
and the appearance is heralded by an increase m symptoms and signs 
These complications, perinephric abscess and carbuncle of the kidney, 
are readily diagnosed at onset and should be treated by immediate 
drainage Pulmonary complications of perinephric suppuration occur in 
16 5 per cent of cases and often cause delay m diagnosis and treatment 
0^ the underlying pathologic lesion Such complications regress under 
adequate treatment of the underlying subdiaphragmatic disease 

Abscess — Jeck^” reported 2 cases of large solitary abscess of the 
kidney In only a few of these cases was the condition recognized pre- 
operatively 

One of Jeck’s patients was a man in whose case a tentative diagnosis 
of pennephne abscess was made No free pus was found around the 
kidney A fluctuating region was detected on the posterior curvature 
of the kidney and was opened Two fluidounces (59 cc ) of heavy pus 

'vas evacuated 

In the other case the patient, a woman 27 years old, had marked 
tenderness in the left costovertebral angle She had a definite sensation 
of fulness m the left loin The kidney was exposed through an oblique 

19 Nesbit, R N, and Dick V S Acute Staphylococcal InfecUons of the 
Kidney, J Urol 43 623-636 (May) 1940 

20 Jeck, H S Large Solitary Abscess of the Kidney, J Urol 43 28-34 
Uan) 1940 
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incision in the loin The perinephric fat was very pale The kidney 
itself also was very pale and appeared to be somewhat enlarged and 
rather firm In the upper half of the kidney, on the posterior surface, 
well up under the ribs, was felt a fluctuating region about the size of 
a half-dollar, and while an attempt was being made to separate the 
upper pole, a finger was accidentally passed into this region, which 
immediately released a large quantity of yellowish, fairly liquid pus 
The cavity from which the pus came was then explored digitally and 
apparently did not communicate at all with the renal pelvis As far as 
could be estimated, the cavity had contained 3 to 4 fluidounces (88 to 
118 cc ) of pus, and its walls were smooth 

A history of boils, carbuncles, paronychia, acute osteomyelitis, 
infected teeth, infected tonsils or other, similar foci of infection is of the 
utmost importance in estabhshing a diagnosis when other signs point 
to the kidney With all such infections chills are usually found to be 
followed by the spiking type of increased temperature, pam in tie 
loin of the affected side, more or less tenderness about the infecte 
kidney, a moderately high leukocyte count, a low erythrocyte coun 
with a low hemoglobin percentage and, finally, a rather mar e oss 


weight 

The treatment of large solitary abscess of the kidney is 
and drainage On exposure of the kidney when abscess ' 

if the abscess is not at once apparent, decapsulation o 
should be performed, for, as Beer has pointed out, a so ^ 
multiple abscesses may not be discovered until the true cap 


kidney is removed , pf 

Perirenal Abscess —Hamer stated that ^ infection to 

extrarenal origm m most cases is the result o oo 
the renal cortex followed by cortical abscess wit ex e 
renal tissues The source of the infection is sorne re Pespira- 

as a carbuncle, a boil, an infected wound, or an in ec common 

tory tract Calculous disease and tuberculosis are the most 

causes of pennephntic abscess of renal ongm group 

The infecting organism is usually one of py J costovcrtt 

The chief symptoms are pain and tumor in the 
bral tenderness, fever of the septic type an Urologic stud) 

Diagnosis in the early stages is most i tla 

of val^ in cases of primary renal dise^e, bu m^ -os 

metastatic condition positive urologic , reeion, obscuration ot 

Roentgenograms may show a clouded r 
the border of the psoas muscle and scoliosis 

o objt 70 

21 Hamer, H G Perirenal Abscess, Surg, 


(Feb IS) 1940 
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The \alue of thorough drainage ib emphasized With the meta- 
static type of abscess simple dr image is usually tollowed by prompt 
recovery For the type of abscess which is secondary to existing renal 
disease nephrotomy or nephrectomy ina}^ be required Nephrectomy 
usually should be postponed until drainage has relieved the patient of his 
sepsis 


Nephrostomy — Aloorc presented a method providing for imme- 
diate nephrostomy with the continued use of the same tube as an internal 
support of the ureter but without the undesirable teature of prolonged 
external nephrostomy drainage This method should encourage pro- 
longed splinting of the ureter alter any type of operation on the uretero- 
pelvic junction, since the tube can be retained without disturbance of 
the patient in any wa}^ This procedure w as used for 5 patients operated 
on for hydronephrosis Moore also described a tube designed to elimi- 
nate the inadequacies of the ordinary rubber tube 

Nephrotomy — Higgins and Glazier"^ discussed the relative merits 
of the scalpel and the high frequency current as employed in nephrotomy 
In their experimental work they studied histologically the relative 
amount of primary hemorrhage, the intrarenal extravasation of blood 
^ong the lines of incision, the infarction of renal tissue and the relative 
rate of healing 

They concluded that less primary hemorrhage occurs when extensive 
nephrotomy is performed with the cutting current than when a scalpel 
is used Extravasation of blood into the renal tissue adjacent to the 
line of incision is greater when the scalpel is used There is less infarc- 
tion adjacent to the line of incision when the high frequency current is 
employed Heahng is more or less similar with the two methods 


Nephropexy — ^Young^* discussed his technic for nephropexy, in 
which he employs decapsulation and suture of rolled-up capsule to 
muscles of the back His technic has a Uvofold purpose (1) to decap- 
sulate the posterior surface of the kidney, so that firm adhesions between 
the substance of the kidney and the muscles of the back may be secured, 
^nd (2) to utilize the roUed-up edges of the capsule on each side of 
the decapsulated region as strong matenal around which sutures can be 
passed which hold the kidney against the muscles of the back The 
^Psule IS divided along the midbne of the posterior surface of the 


22 Moore, J G A New Procedure for the Correction of Ureteropelvic 
Junction Obstruction, Pennsylvania M J 43 631-634 (Feb ) 1940 

23 Higgins, C C , and Glazier, M Relative Ments of the Scalpel and High 
frequency Current m Nephrotomy Experimental Study, Tr Am A Genito- 
Ilnn Surgeons 32 9-18, 1939 

24 Young, H H Nephropexy A Techmque Employing 

Suture of RoUed-Up Capsule to Muscles of Back, J Urol 43 20-27 (Jam) 1940 
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kidney The capsule is stripped off and rolled up, and the sutures are 
placed along the inner border and then along the outer border Heavy 
chromic sutures are used, and the needle is then passed up through the 
psoas muscle about 2 cm from the bodies of the vertebra 

Results of N ephrectoiny — Hanley reviewed the postoperative 
results of nephrectomy There were, altogether, 213 histones Of the 
182 patients traced, 100 actually were examined clinically, and their 
renal function was estimated 

The 213 patients whose histones were reviewed were placed in si\ 
groups, according to the original diagnosis hydronephrosis , pyonephro- 
sis , calculus , tuberculosis , neoplasms, and an unexpected diagnosis, 
chronic nephritis 

There were 40 cases m which nephrectomy had been done for simple 
hydronephrosis without any evidence of infection, the operations having 
been performed from two to six years prior to the time of Hanley’s 
report Twenty-nine patients were traced The operative mortality 
rate for the group was 5 per cent , 2 deaths occurred withm a fortnight 
of operation The total mortahty rate was 10 per cent, there being 
2 additional deaths within two years of operation, both of the patients 
d 3 ang in uremic coma No more deaths had occurred in this group 
durmg the four years prior to the time of writmg 

There were 44 operations for pyonephrosis during the previous two 
to six years Only 4 patients were untraced The operative mortalit} 
rate was 20 2 per cent, 9 patients dymg within a month of operation, 

1 from pulmonary embolism The total mortahty rate for this group 
was 34 per cent , 6 additional deaths occurred dunng the following two 
years One of these deaths followed nephrolithotomy two years a 
nephrectomy No more deaths occurred in this group during tie 

years prior to the time of wnting 

There were 49 cases in which nephrectomy for calculus was p ^ 
formed dunng the two to seven years prior to the time of t le 
Forty of the patients were followed up The operative mort i ) 
was 6 1 per cent, with 3 deaths The total operative morta it} r 
16 3 per cent, with 5 additional deaths, all of which ^ 

two years of nephrectomy except the death of 1 boy, w lo le 


after operation for a nonrenal condition unilateral 

Nephrectomy was done in 48 instances for suppose 
tuberculosis of the kidney and was pierformed dunng t ^ followed 
years prior to Hanley’s report Forty-two of the patien q-pe 

up The operative mortality rate was 4 1 per cent, wi ^ g ^.^ut 

total mortality rate at the end of six years had increase 

r Suio 

25 Hanley, H G The Post-Operative Results of Nephrectomy, 


27 553-566 (Jan) 1940 
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Nephrectomy was pertormcd in 27 instances for new neoplasms 
Ihe operative mortality rate was 22 2 per cent, 6 patients dying within 
a week of operation The total mortality rate within the next two 
}^s increased to 63 per cent, 9 patients dying within thirteen months 
0 e operation and another 2 within two years of operation 

There were S patients whose kidneys after removal showed evidence 
0 ronic nephritis, with no histologic evidence of any other pathologic 
process The operative mortality rate was 20 per cent, with 1 death 
occurring eight da}s after operation The total mortality rate was 100 
per cent, all the patients dying within eight months of nephrectomy 
ince chronic nephritis is a progressive and bilateral condition, it is 
T ^P^cted that the mortality rate should be high In none 

^^es was there anything to indicate the true nature of the 
pathologic process before operation 


URETER 


I Crenshaw^ added new cases to those reported by him 

^ reported 6 cases of aberrant ureter with extravesical 

ri ces (bnnging his total to 13 cases) , 3 new cases of abortive uieteral 
opment (totaling 5 cases), and a second case of crossed ureteral 
Another case of multiple calcuh in an extrapelvic cystocele is 

reported 

r summarized certain data concermng the 13 cases of 

rrant ureter wnth extravesical orifices In 12 of the cases the 
pa lents were females Four were children In all but 1 case the pelvis 
of h aberrant ureters came from the upper part 

ext ^ There was 1 case of bilateral duplication with bilateral 

ravesical onfices, necessitating bilateral heminephrectomy The 
feretory urogram does not readily outline the abnormal pelvis, fre- 
y because of reduced renal function in the anomalous upper seg- 
wuh^ kidney, instead, dependence on an elongated renal shadow 

a. disproportionate amount above the upper cahx of the lower seg- 
is significant Retrograde pyelographic examination of the lower 
^^ment cannot always be depended on Urethroscopic exammation 
reveal the aberrant orifice, but this orifice is not always easy to 
^ and IS not necessary for estabhsment of a diagnosis Cystoscopic 
examination should be made to determine that only the two normal 
ureteral vesical orifices are present Heminephrectomy resulted in cure 
mall cases ^ 

^^nshaw, J L Ureter with Extravesical Orifice Supernumerary Ureter 
Ren*^^ Bhndly, Crossed Ureteral Ectopia, Stones in Extrapelvic Cystocele, 

T Eleven Cases, Tr Am A Genito-Urin Surgeons 32 133-155, 1939, 

J Urol 43 82-101 (Jan) 1940 
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The 3 new instances of abortive ureteral development were incidental 
discoveries encountered during study of patients who were undergoing 
cystoscopic or urogiaphic examinations for other reasons No patient 
required any treatment 

In the second instance of crossed ureteral ectopia the patient was 
an 8 year old boy who had numerous other congenital deformities 
Urologic studies revealed a sohtaiy (right) kidney opening into the left 
side of the bladder by a dilated ureter The right ureteral orifice was 
not present Nephrostomy on the right side relieved the patient of hi^ 
symptoms 

A cystocele following h 3 '^sterectomy prevented complete emptying of 
the bladder in a 54 ^'■ear old woman Vaginal repair with vaginal 
cystostomy and removal of calculi resulted in satisfactory recover)' 
Calculi Ormond stated that ureteral calculus in each case presents 
the following questions Is immediate operation desirable^ If not, 
should manipulation be tried ^ If so, what method should be used ^ 
How long is it safe to temporize ? 

Each surgeon must be guided by his own experience, judgment and 
skill Ormond has come to the conclusion that only the less drastic 
forms of manipulation are indicated Patients who have stones the 
expulsion of which cannot be stimulated by gentler measures should be 
operated on after a sufficient period has passed for the stones to be 
expelled Such a period aviII be measured by the amount of disahiht) 
caused by the pain and by careful evaluation of the damage produced 
Ormond has seen a stone lodged in the lower part of the ureter expelled 
after six months of careful observation This stone caused in that 
time only four days of disability to the patient and no appreciable dam 
age to the kidney Some patients treated by multiple manipulations 
have been subjected to more danger, have suffered more pain and ha\e 
lost more time than if they had been operated on in the first place 
In all cases, whether operation is done or not, attempts to preieiit 
recurrence should be made Ureteral dilation, pelvic irrigation, trca^^ 
ment of infection and attention to diet, to fluid intake and to c laiij,! o 


urinary reactions usually will prevent recurrence 

Thompson and ICibler reported 361 cases in which uretera cz 
were manipulated transurethrally Approximately an 
patients were treated expectantly, and a similar number ( " ^ 

treated surgically Cases in which simple diagnostic uretera ca 
tion was carried out were not included ^ ^ 

27 Ormond, J K Complications and Dangers of Lower Urtltral 

Gynec & Obst 70 584-587 (Feb, no 2A) 1940 Calculus, 

— — Thompson, G J, and Kibler, J M Treatment of Ureter l^C^ 

" ■“"’T Reference to Transurethral Manipulation, J ^ 

27 553“So^ 
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for emergency treat- 

but thp sedation \vill relieve man) patients of their stones, 

nnnm I °U employed must be individualized Whether 

of the ureter t 

Pital wifh Hi ^ ^^^"'Pii'otion should be performed in the hos- 
throueh eithp^ anesthesia Manipulation usually is done 

by the fnl ' cystoscopc or the McCarthy panendoscope 

extractor ATff (1) multiple catheters, (2) Councill 

f5^ Hip ’r n ™ J°'’”son extractor, (4) a spiral stone dislodger and 
passed fn th Postoperatively, two ureteral catheters are 

hours to nbv^ forty-eight to seventy-two 

made nncf development of obstructive edema Roentgenograms 

removed demonstrate whether all of the stone has been 

seoiipnH^^ ^ cent) the results were immediately or sub- 
failure 4 cases (1 1 per cent) the result was complete 

ment wp "n" ^ elective or essential surgical treat- 

lation '^’'^’stered for removal of the stone after attempted mampu- 

m wliipn of 1 26 manipulations was necessary for each case 

g he procedure was successful 

the inlvi*^^ m 2 7 per cent of patients after removal of 

of the catheters Ihese patients responded to reinsertion 

chrom ^ intravenous administration of mercuro- 

fluorescei 1 ^ disodium salt of 2 7 dibromgammahydroxymercuri- 
Severe'^^'”^ In 8 8 per cent of the patients mild reactions occurred 
surgical^°!r^ patient died after manipulation and 

embolus death being referable to a massive pulmonary 

lescent A developed while the patient was satisfactorily conva- 

of tran ^^ort penod of hospitalization is one of the mam advantages 
remained °I ureteral calculi , 75 per cent of the patients 

cgyjg hospital less than one week Failures and complications 

cause th” “'^‘^^lonal prolonged stay The economic factor should not 
of renal I°o forcefully to succeed Absence of evidence 

impacted affected side is valueless m the presence of an 

later m ^^^I^ral calculus Excretory urograms taken several weeks 
^ ay show a normal pelvic outline 

exn.,! discussed prostigmme methylsulfate as an aid m the 

^^Pulsion of ureteral calculi 

solution dosage recommended by Hager ( 1 0 cc of a 1 2,000 

1 ^ a mg of the active substance injected subcutaneously] of 

29 

cull, Xr A°”°a’ ^ ^ Prostigmin as an Aid in the Expulsion of Ureteral Cal- 
” Genito-Urin Surgeons 32 185-191, 1939 
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prostigmme methylsulfate at three to four hour intervals for four doses) 
IS still the most satisfactory O’Conor used this dosage in the treatment 
of 52 patients Seventeen of these patients received from two to four 
series of injections The selection of patients for nonsurgical treat- 
ment was made with the usual recognition of the problem presented b} 
each patient 

In 16 cases ureteral meatotomy, ureteral dilation and insertion of 
multiple catheters or bougies were employed, with the injection of 
sterile olive oil, papaverine hydrochloride and the hke, without dis- 
lodging or producing passage of the stone In the knowledge that the 
lower part of the ureter was capacious and m tlie absence of complica- 
tions which would call for surgical intervention, prostigmme was admin- 
istered, with resultant rapid downward progress or expulsion ot the 
calculus m 12 of the 16 cases In 9 cases the calculi passed within 
twenty-four hours after the mjection of prostigmme methylsulfate In 
2 patients a second course of injections admimstered after a tliree dav 
interval resulted m expulsion of the stone m eight hours and fourteen 
hours, respectively One patient passed three large calcuh after a third 
course of prostigmme methylsulfate, no cystoscopic treatment having 
been administered for three months The calcuh had remained in the 
same position, as determined by roentgenograms, for a penod of eighteen 
months 

Two patients passed multiple calculi after receiving injections of 
prostigmme methylsulfate when both mampulative and surgical attenip 
at removal had been unsuccessful Dunng the period of this sur 
(twenty-three months) 13 patients were relieved of uretera ca cu 
operation, and for 1 of the aforementioned patients operation was 
cessful Seven other patients were treated successfully witiou ^ 
to injections of prostigmme methylsulfate Thus, in 
cermng 66 patients treated, prostigmme methylsulfate was use 
additional aid m the treatment of 52, and m 18 of t ese 
response was so direct and so obvious as to establish in 
without any reasonable doubt, the virtue of this medicam 

Hyman and Wilhelm reported 5 cases m 
pelvic anastomosis was established after avulsion, wi i ^ 
the procedures necessary for successful results in sue es 

They stated that reimplantation of a ureter indro- 

pelvis, either accidentally or in the treatment ° ° oi 

nephrosis, is based on the following principles f ; P ^ 
urinary drainage by means of nephrostomy, (-1 ^ 

« t FoII> 

30 Hyman, A, and Wilhelm, S F Ureteropehne Ana 
A\ailsion, J Urol 43 52-60 (Jan ) 1940 
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wumtrlr' "'"r' anastomoses 

heter to immobilize the ureter and to maintain the stoma 

cases in nephrostomj should be performed in all 

tlie ureter Tl plastic procedure is done on the pelvis or 

tension on ft, ^ undue internal 

in rtrl ^ T the first requisite 

under '""""t of urinary infection, from which most of the patients 
under consideration suffer 

pelv?sVr’l''n ''uth plastic operations on the 

of nreip 1 ^ ^ly^coneplirosis as well as their experience m cases 

dram:, avulsion, the authors expressed the belief that prolonged 

' drainage is often desirable 

betw'een the ureter and the pelvis should be established 
to ''PP°"'tion of the parts When possible, it is preferable 

fine ^ iiiucosa and the niuscularis in separate la}ers and to use 

rhrnr, plain catgut sutures for the mucosa and fine interrupted 

lie sutures for the outer la} ^ers 

ureter splinting ureteral catheter, inserted into the severed 

cortex 1 brought out through the renal pelvis and 

spimti' anastomosis It also serves the double purpose of 

>s a fo"^ ^ ureter and maintaining the stoma Although this catheter 
backs advantages appear greatly to ouUveigh its draw- 

comnl °° ^arly removal of this catheter may result m stricture or in 
in r,i ^ ^ ‘^^‘^^usion of the stoma The splinting catheter should be left 

ureter ^ uot uncommonly follow's reimplantation ot a severed 

^ pelvis Frequent examinations should be done by excre- 

is methods Any narrowing at the ureteropehic junction 

in ication for prompt cystoscopic dilation 

— Lower stated that transplantation of the ureters 

<lefor ^ the sigmoid flexure in the presence of the congenital 

of the bladder has been practiced for many years 
goine^^^fi which a child could hve in comfort after under- 

nf the ^ Pi'oeedure before dying from infection in the upper part 
a ch 1 did not seem of as much concern as the comfort such 
need^ enjoy dunng life and the lessening of the care he would 

after th ^ became apparent that a child would probably live as long 

given / P^^^dure as if no surgical treatment for exstrophy had been 
^sesV longer Sufficient time has now elapsed in a series of 
enough to permit evaluation of this procedure and to enable 

^ ^ Transplantation of the Ureters into the Rectosigmoid and 
163^1939 Picture Demon5tration, Tr Am A Genito-Unm Surgeons 
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prostigmme methylsulfate at three to four hour intervals for four doses) 
IS still the most satisfactory O Conor used, this dosage in the treatment 
of 52 patients Seventeen of these patients received from two to four 
senes of injections The selection of patients for nonsurgical treat- 
ment was made with the usual recognition of the problem presented b\ 
each patient 

In 16 cases ureteral meatotomy, ureteral dilation and insertion of 
multiple catheters or bougies were employed, with the injection of 
stenle ohve oil, papavenne hydrochloride and the like, without dis- 
lodgmg or producing passage of the stone In the knowledge that the 
lower part of the ureter was capacious and in the absence of complica- 
tions which would call for surgical intervention, prostigmme was admin- 
istered, with resultant rapid downward progress or expulsion ot the 
calculus in 12 of the 16 cases In 9 cases the calcuh passed within 
twenty-four hours after the injection of prostigmme methylsulfate In 
2 patients a second course of injections administered after a three da) 
interval resulted in expulsion of the stone m eight hours and fourteen 
hours, respectively One patient passed three large calculi after a third 
course of prostigmme methylsulfate, no cystoscopic treatment having 
been administered for three months The calcuh had remained in the 
same position, as determmed by roentgenograms, for a period of eighteen 
months 

Two patients passed multiple calcuh after receiving injections of 
prostigmme methylsulfate when both mampulative and surgical attempts 
at removal had been imsuccessful Dunng the period of this surve\ 
(twenty-three months) 13 patients were relieved of ureteral calcu i ) 
operation, and for 1 of the aforementioned patients operation was unsuc 
cessful Seven other patients were treated successfully without rtsor 
to injections of prostigmme methylsulfate Thus, in summary 
cermng 66 patients treated, prostigmme methylsulfate was use as . 
additional aid in the treatment of 52, and m 18 of the^ t 
response was so direct and so obvious as to establish in 0 onor s 
without any reasonable doubt, the virtue of this medicament 

7w;iiry— Hyman and Wilhelm reported 5 cases m winch ujejero 
pelvic anastomosis was established after avulsion, with a 
the procedures necessary for successful results in such esta 

They stated that reimplantation of a ureter severed [ndrn 

pelvis, either acadentally or m the treatment of o 
nephrosis, is based on the following principles ( ) ti •• 

urinary drainage by means of nephrostomy, (2) accura c 

30 Hyman, A, and Wilhelm, S F Ureteropeluc Anastomo.u P. 

Avulsion, J Urol 43 52-60 (Jan ) 1940 
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ureter to the pelvis without tension and (3) splinting of the anastomosis 
with a catheter to immobilize the ureter and to maintain the stoma 

It is generally agreed that nephrostomy should be performed in all 
cases in which any extensive plastic procedure is done on the pelvis or 
the ureter The tube acts as a safety valve, preventing undue mtemal 
tension on the plastic suture hnes Free drainage is the first requisite 
in the treatment of urinary infection, from which most of the patients 
under consideration suffer 

On the basis of their experience with plastic operations on the 
pelvis for obstructive hydronephrosis as well as their experience m cases 
of ureteral avulsion, the authors expressed the belief that prolonged 
drainage is often desirable 

Anastomosis between the ureter and the pelvis should be established 
with accurate apposition of the parts When possible, it is preferable 
to suture the mucosa and the muscularis in separate layers and to use 
fine interrupted plain catgut sutures for the mucosa and fine interrupted 
chromic sutures for the outer layers 

A straight splinting ureteral catheter, inserted into the severed 
ureter for about 10 cm and brought out through the renal pelvis and 
cortex, facilitates anastomosis It also serves the double purpose of 
sphnting the ureter and mamtaimng the stoma Although this catheter 
is a foreign body, its advantages appear greatly to outweigh its draw- 
backs Too early removal of this catheter may result in stncture or m 
complete occlusion of the stoma The splinting catheter should be left 
m place for at least ten days 

Late stncture not uncommonly follows reimplantation ot a severed 
ureter into the pelvis Frequent examinations should be done by excre- 
tory urographic methods Any narrowing at the ureteropehic junction 
IS an indication for prompt cystoscopic dilation 

Transplantation — Lower stated that transplantation of the ureters 
into the rectum or the sigmoid flexure in the presence of the congenital 
deformity exstrophy of the bladder has been practiced for many years 
The length of time for which a child could live in comfort after under- 
going such a procedure before dying from infection in the upper part 
of the urinary tract did not seem of as much concern as the comfort such 
a child would enjoy during life and the lessening of the care he would 
need It soon became apparent that a child would probably live as long 
after this procedure as if no surgical treatment for exstropln had been 
given, if not longer Sufficient time has now elapsed in a series of 
cases large enough to permit evaluation of this procedure and to enable 

31 Lower, W E Transplantation of the Ureters into the Rectosigmoid and 
Cystectomy Motion Picture Demonstration, Tr Am \ Gcnito-Urm Surgeons 
32 163 1939 
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urologic surgeons to apply it to the treatment of other conditions, such 
as malignant processes in the urinary bladder, intractable interstitial 
cystitis, tuberculosis of the bladder and (m certain instances) vesico- 
vaginal fistulas 

Lower exhibited a motion picture of a technic which he has adopted 
and which has simplified the procedure and reduced the operative mor- 
tality rate To the date of his report, his series consisted of 105 cases, 
the operation having been performed for various anomalies and patho- 
logic conditions of the urinary bladder He followed the patients and 
found that a majority of those living were entirely free from symptoms 
and that renal function was good even after many years had elapsed 
One woman became pregnant and was delivered of a healthy child b\ 
cesarean section three years after undergoing ureteral transplantation, 
other patients have carried on their various vocations and have worked 
in perfect comfort 


InhtssnscepHon — Bumpus reported a case in which intussusception 
of the ureter afflicted a man 52 years old The renal stone was removed, 
after which the patient experienced further trouble Urograms and 
ureteral catheterization revealed what appeared to be intussusception ot 
the ureter, a condition which Bumpus construed to be caused b\ a 
fragment of stone which had remained in the ureter The ureterogram 
showed definite intussusception of the lower segment of the ureter into 
the upper Subsequent passage of the stone and disappearance o 
ureteral torsion and narrowing confirmed this view This case is> 
interest for two reasons first, because of the uniqueness of the 
ception and, second, because of the spontaneous disappearance o 


ureteral torsion as periureteritis subsided ^ 

Hemorrhage — Hamer reported a case in which fatal 

hemorrhage was caused by erosion into the ihac artery, le 
occurring dunng drainage by indwelling catheter for p\ei 


pregnancy 

The patient was a woman 18 years old and five niont is pr 
She had bilateral pyelonephritis, an elevated temperature an 
Her condition was relieved by the insertion of ureteral cat le crs.^ 
were left m place The catheters were replaced three cm^oI 

weeks On the day before the patient died, sudden hemorr ^ 

her to lose a large amount of blood In spite of 
usual necessary measures, the patient died Postmortem 

^ 

32 Bumpus, H C, Jr Intussusception of the Ureter, r 


Unn Surgeons 32 127-131, 1939 ,1^ I 

33 Hamer, H G Fatal Ureteral Hemorrhage Due ^ ^ 

Artery Report of a Case Occurring During Indwtlhiig 
Pyelitis of Pregnancy, Tr Am A Genito-Urin Surgeons 
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showed the right ureter to be attached to the common ihac artery at the 
pelvic brim, and an opening 1 cm in diameter connected these structures 
at this point The kidneys contained abscesses in the parenchyma and 
m the cortex The right renal pelvis and ureter were full of blood clots 

This case was somewhat similar to those reported by Davidson and 
Taylor 

Hamer reported another case, in which a woman 31 years old and 
four months pregnant exhibited evidence of infection of the unnar}'- 
tract A ureteral catheter was inserted and was changed ten times dunng 
the following three months The patient had marked anemia and 
received a number of transfusions of blood Later she gave birth to a 
premature child and died Necropsy showed that communication had 
existed between the external iliac artery and the right ureter 

The cause of the perforation m Hamer's case was fairly well estab- 
lished by the pathologist's report, yet there is reason for speculation as 
to the contributing cause, which may have been one of the following 
factors 

1 Use of too large and too rigid catheters 

2 Repeated injury to the ureter in one situation as the result of 
numerous insertions of catheters 

3 Pressure of the head of the fetus on the ureter containmg the 
catheter so that the ureter was pressed against the vessel, the constant 
pulsation of which weakened the ureteral and vascular walls at the point 
of crossing 

4 Changes in the ureteral wall incident to pregnancy 

Paschlas, in the discussion of a case of perforation of the ureter 
by an impacted calculus, remarked that such an occurrence, although 
infrequent, is not extraordinarily rare He questioned the supposition 
that the ureter ruptured at a site at which its wall was normal and 
expressed the opinion that manipulation during catheterization might 
have led to perforation m the particular case he was discussing 

Dilatation — Franche^* called attention to a process which is the 
reverse of the well known repercussions of ureteral lesions on the renal 
pelvis and on the kidnc}, namel>, an important influence of the pelvis 
and the kidney on the ureter, resulting in dilatation of the latter for 
which no adequate cause exists in tlie louer part of the urinar> tract 
and which can be explained only on the basis of the existence of a 
pathologic condition of the kidney or of the renal pelvis, most commonU 
hydronephrosis or renal ptosis Such dilatation ma\ imohe the entire 

34 Franchc, O Dilatation uretcrale au cours des lesions p>eIo rcnales, J 
durol 46 40W14 (Nov) 1938 
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ureter or may be locabzed in its upper two thirds, extending as far as 
its point of entrance into the lesser pelvis The influence is not constant, 
however, and, although the dilatation may be considerably advanced, 
it does not necessarily affect the ureter, which may remain entireh 
normal in the presence of enormous hydronephrosis There is no 
parallehsm between the extent of the pyelorenal pathologic process and 
the degree of ureteral dilatation present 

It has been customary to beheve that the changes under consideration 
are caused by pregnancy or that, at least, they have a genital origin 
But the history of a woman who had never been pregnant and who had 
no history of involvement of the genitalia but who had a movable kidney 


would suggest that the cause lay in renal ptosis itself Such an interpre- 
tation also seems to explain another fact that pregnancy has not explained, 
namely, the predominance of postgravidic sequelae on the right side, 
whereas it is well known that ureteropyelic dilatation during pregnancy 
IS bilateral It is known, however, that renal ptosis is more coninion 


on the right side in female patients, and this fact seems to throw some 
light on the cause of the ureteral dilatation under discussion Additiona 
confirmatory evidence is found in the fact that dilatation of this kind b 
found at times in men suffering from renal ptosis A case was cited ' 
Tranche in which nephrectomy was about to be performed in some ot ler 
surgeon’s service, when Marion, being called in, advised that a p}e 
giam with the patient in the vertical position be made first, whereupon 
it was revealed that fixation of the kidney and not nephrectoni) ^ 
needed Nephropexy brought immediate relief, which had persistc 
two years at the time of Tranche’s wnting, the ureteropyelograp nc 
at that time being perfectly normal Two additional cases 
to show that such cases are not exceptional Still other 
sented, revealing that when the cause of ptosis or hydroncp 
been removed ureteropyelic dilatation markedly diminishes an 


symptoms disappear <w,erstbk,” 

In cases in which the condition might be considered jut in'" 

has been explained, it would appear that the mechanism 
of ureteral dilatation can be nothing other than a state o 
which in the course of time may result in permanent ^ ^ ^^•*'4'''’ 

fication of the ureteral wall, a modification which in ^ ^ i, 

w’as transitory and reversible It has been suggeste t a^ ^ 
reflex, possibly caused by irntation of a nerve center ® 
muscular center situated in the upper part of the ureter, ; 

be produced by a kink, renal ptosis, the presence ot an ^ . 

or some similar anatomopathologic condition n 1 1 l 

urologic knowledge this explanation seems the moat f 


be reached 
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Gloor compared cases of megaloureter without obstruction of the 
unnary flow and cases of marked stenosis of the ureteral outlet in which 
only slight dilatation of the ureters is exhibited He opposed the opinion 
that mechanical obstruction causes megaloureter and advocated Bard’s 
theory that dilated structures similar to the ureter m the presence of 
megaloureter onginate as a result of dysplastic changes m the walls 
of such structures Gloor found no proof that inflammatory changes of 
the ureteral wall alone could cause large dilatation of the ureter 


PROSTATE 

General Considerations — ^Wildbolz^° discussed, in a paper read 
before the German Surgical Assoaation, the treatment of benign hyper- 
trophy and carcinoma of the prostate gland The development of the 
normal prostate gland, the mechanism of prostatic hypertrophy and car- 
anoma of the prostate were discussed He also reviewed and criticized 
the theory of hormonal influence In another part of the paper, 
Wildbolz considered the operative and nonoperative methods of treat- 
ment glandular therapy, operations on the genitalia (Stemach), high 
voltage roentgen therapy, suprapubic and perineal prostatectomy and 
transurethral prostatic resection On the basis of Wildbolz’ wide 
expenence, he is especially able to discuss all these various methods of 
treatment He expressed particular favor for perineal prostatectomy, 
which, he stated, is the only method which may produce a permanent 
cure of carcinoma of the prostate gland 

Kraas reviewed results obtained in the various German surgical 
clinics in mstances of transurethral resection of the prostate gland He 
stated that there is a wide divergence of opinion as to the merits of trans- 
urethral resection and the open operation He expressed the opinion 
that both methods have their place and that the operation should be 
suited to the particular condition of each patient 

Hypertrophy — Deming stated that the early phases of benign 
prostatic overgrowth are found in the muscular walls of the postenor 
portion o^ the urethra in specimens observed at necropsy 

Benign prostatic overgrowth usually passes through two phases of 
development The first phase is the development of a fibromuscular 

35 Gloor, H U Ueber die Ursachen der AfegaJoureterbildung, Schweiz mcd 
Wclinschr 69 1080-1084 (Nov 4) 1939 

36 Wildbolz, H Die Behandlung der Prostatah> pertrophie und des Prostata- 
carzinoms, Zentralbl f Chir 66 770 782 (April 8) 1939 

37 Kraas, E Prostatektomie — Prostataresektion Ztschr f Urol 33 553-559 

1939 

38 Deming, C L The DL\elopmcnt of Prostatic Hyperplasias, Surg , Gynce 
^ Obst 70 588-594 (Feb no 2A) 1940 
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mass from the intramuscular stroma of the posterior part of the urethra 
The second phase is invasion of the fibromuscular nodule by the 
epithelium of a prostatic duct This epithelial proliferation develops 
prostatic glands and ducts of normal appearance 

The epithelial element overgrows the fibromuscular element so as 
to make the full-grown lesion appear glandular The glands m the 
posterior part of the urethra and the prostate gland are not pnnianly 
involved 

The primary fibromuscular nodule resembles fibromyoma of the 
uterus and may be derived from a remnant of the musculature of the 
mullerian ducts 


Benign overgrowth of the prostate gland produces hyperplastic 
tissue and not hypertrophied tissue 

Castration in Cases of Prostatic Hypertiophy — Huggins and 
Stevens,^® in discussing castration and benign prostatic hypertrophy, 
stated that m 50 cases of benign prostatic hypertrophy the prostatic 
epithelium varied from flat to tall cylindnc, the latter type being found 
in every case 


From 3 men who had benign prostatic hypertrophy, specimens of 
prostatic tissue for biopsy were obtained at the time of castration 
and also twenty-mne, eighty-six and mnety-one days later Epithelial 
atrophy was not present twenty-mne days after castration but appeared 
plamly at eighty-six and at ninety-one days after the operation In 1 
case there were a marked reduction m the size of the prostate gland 
at rectal examination and an increase in the size of the urinary stream 
within one month after castration The evidence derived from castra 
tion concerning benign prostatic hypertrophy m man supports the vitiv 
that the prostahc epithelium, at least, is under control of the testes 
Total Perineal Prostatectomy — ^Lowsley^® stated that total 
prostatectomy should be done more often than it is at present 
indicated in cases of early carcinoma, chronic pyemia, intractable c 
fibrosis and calculosis and m certain cases of tuberculosis and a tno 
of the prostate gland He suggested that the membranous 
the urethra be joined to the bladder with a mattress suture 
gut, this procedure not only makes the urethra continuous 
bladder but plicates the external sphincter and prevents 
of urine The success obtained m the cases m which the otlHf 

done encouraged Lowsley to report the method in the hope 
would use It 


39 Huggins, C , and Stevens, R A The Eftect ot 
Hypertrophy of the Prostate m Man, J Urol 43 705-714 ( ay 

40 Lousle>, O S Total Perineal Prostatectomv, J Urol 4 -/J - 
1940 
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Vest^^ has introduced a modification of the conventional radical 
perineal prostatectomy of Young for carcinoma of the prostate gland 
He said that this modification diminishes the liability to incontinence, 
which frequently follows the operation because of injury to the external 
urinary sphincter b} the sutures used to approximate the margin of 
the bladder to the membranous portion of the urethra In the perform- 
ance of this anastomosis it becomes necessary at times to take sutures 
well through the triangular hgament, an action which must inevitably 
include and injure the external sphincter 

To avoid this, Vest, m uniting the bladder to the membranous por- 
tion of the urethra, has used three mattress sutures, which have been 
placed in the margin of the anterior part of the bladder, traverse the 
external sphincter on either side of the urethra just beneath the mucosa, 
continue just beneath the mucosa through the region of the sphincter 
through the tnangular ligament and pass into the perineum just beneath 
the skin on the anterior margin of the perineal incision When trac- 
tion IS made on these three sutures and when they are tied, a consider- 
able part of the circumference of the cut margin of the bladder is drawn 
tightly against the membranous portion of the urethra and anchored 
there without any interference with or constriction of the sphincter in 
this region The remainder of the bladder is then closed, and a figure- 
of-eight IS used to complete the union of the bladder to the under margin 
of the membranous portion of the urethra 

Vest has used this modification in four operations, with satisfactoi*}" 
results 

Transurethral Resection — Tolson reviewed the records of 356 
patients operated on for relief of obstruction to the vesical outlet from 
1924 to 1938, inclusive One hundred and forty-four patients were 
operated on by means of modifications of the punch technic During 
the period from 1932 to 1936, 96 patients were operated on by means 
of electrical resection One hundred and sixteen patients were treated 
by suprapubic prostatectomy For the entire period under discussion, 
the approximate ratio of resection to prostatectomy was 2 to 1 During 
1938, resection was performed in 56 instances and prostatectomy in 4, 
a ratio of 14 to 1 

No patient less than 50 years of age was subjected to prostatectomy, 
whereas 6 patients less than 50 >ears of age underwent resection In 
this group the obstruction w^as minor or moderate Ten patients more 
than 80 years of age undenvent resection These patients had advanced 
degrees of prostatic enlargement 

41 Vest, S A Radical Perineal Prostatectonn Surg G>ncc Obst 70 
935-937 (May) 1940 

42 Tolson H L Prostatic Rc<^tction with McKhhcations of \oungs Punch 
J Urol 43 116 122 (Jan) 1940 



1298 


ARCHIVES OF SURGERY 


The type of anesthesia employed for patients who undenvent resec- 
tion was low spinal anesthesia produced by procaine hydrochlonde for 
134, caudal anesthesia produced by procaine hydrochlonde for 90 and 
local anesthesia produced by procaine hydrochloride for 16 Low spinal 
anesthesia induced by procaine hydrochlonde is the anesthesia of choice 
the usual dose is 120 mg 

During 1938, 56 patients underwent resection Forty-tivo patients 
underwent removal of less than 20 Gm of tissue and 14 patients under- 
went removal of more than 20 Gm of tissue The maximal quantih 
1 emoved at one operation was 69 Gm , the average quantity was 18 1 Gm 
Twelve patients in whose cases preoperative diagnosis of prostatic 
caranoma had been made undenvent resection In these instances there 
was obstruction to urination which demanded relief The patients were 


treated postoperatively by high voltage roentgen therapy 

Patients who underwent resection by cold sharp steel experienced 
fewer complications than did patients who underwent resection by the 
electrical method The problem of infection is less annoying, and the 
period in which pyuna is present is shorter, when the former technic is 
employed Prolonged pyuria and prostatitis occurred m a large per 
centage of the patients who underwent electrical resection and in re^ 
quently in those who underwent cold resection Prostatitis followmj, 
cold resection responded more promptly to treatment 

Extravasation of urine occurred in 2 patients, but it was imnie 
diately recognized and treated by suprapubic drainage Overdistentio^^ 
of the bladder with irrigating fluid was the probable cause o t ns coi 
plication For some time it has been Tolson’s custom not to 
the lower portion of the abdomen , this permits his assistant to no e 


degree of distention of the bladder vastt- 

Epididymitis occurred in 5 patients who had not 
tomy Vasectomy has been used for the majority of 
undergo resection, and m no instance has epididymitis 
vasectomi A considerable number of patients have 
sterilized Two patients treated by resection, aged 6 
subsequent!} became fathers of additional members of t paiunt> 

Ten deaths (41 per cent) occurred m the tru lud 

treated by transurethral resection In the group of 1 
by suprapubic enucleation there were 9 deaths (7 7 '.hup 

Removal of the obstructing portion of the prostate 
cold steel, with coagulation of only the bleeding points, 
by minimal injury to the residual portion of the prosta ,-i,\ 

epithehzation of the prostatic portion of the urethra is rc^ ^ „ 

by the presence of a freshly cut surface composed, - 

lightly coagulated points, of living cells Conscqucn 
IS relativeh short, and there is minimal morbidit) 
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Poley stated that the status of the surgeon who does transurethral 
resection determines the status of prostatic resection m his hands but 
not in general Great competence of such a surgeon makes prostatic 
resection a valuable procedure to be used extensively, the asserted upper 
limits of the procedure's utility being 80 to 95 per cent of cases Limited 
competence of the surgeon makes prostatic resection a procedure of 
limited value and restricted use, the asserted extent of its successful 
use in the hands of such surgeons is 15 to 50 per cent For the com- 
pletely incompetent urologic surgeon who uses the procedure, no gland 
is small enough and no transurethral operation is sufficiently foolproof 
to make resection the operation of choice In such hands, if the surgeon 
possesses any surgical ability whatever, open operation is the operation 
of choice Skill, abihty and expenence on the part of the surgeon who 
does transurethral resection extend the limit set by the size of the 
gland and the limit of technical difficulty within which resection is the 
operation of choice 

Suprapubic and perineal prostatectomy are the same perfected and 
useful operations that they were before any one ever heard of resection 
They yield nearly perfect results, with a low mortality rate Neither of 
them makes anything like the demand made by resection on special 
talent, long training in cytoscopy and experience with the procedure 
Itself 

The process of development and perfection of suprapubic and peri- 
neal prostatectomy entailed poor results and a mortality rate that now 
seems shocking There was no alternative Perfected technic, modem 
surgeons well skilled in the procedure of open prostatectomy and what 
they contribute to human welfare have vindicated the effort The process 
of development of transurethral prostatic resection to its present stcige 
of perfection likewise entailed poor results and a mortality rate that now 
seem shocking Fortunately, reversion to major prostatectomy was 
not the only alternative for all urologic surgeons who did transurethral 
resection A perfected technic of resection and urologists who are 
skilled m the procedure of resection now vindicate the effort, and it 
remains only for the urologic surgeon who uses transurethral resection 
to determine his status 

The surgeon who continues routinely to use either suprapubic or 
perineal prostatectomy on the ground that in his hands it is tlie opera- 
tion of choice and that in his hands it best serves the \\elfare of the 
patients is fair to the patient, to medical science and to himselt 

Urologists and general surgeons alike must limit their use of resec- 
tion according to their ability to perform transurethral rejection, and 

43 FoIe> FEB The Present Status of Transurethral Rcsectioiiistb, Com 
petent and Otherwise J Urol 43 V6-S71 f Apnl) 1940 
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they must always employ the operation that best serves the welfare ot 
the patient in their hands, whether it be by the suprapubic the penneal 
or the transurethral method It is desirable to be able to use each pro- 
cedure with skill, ability and reasonable competence, but shortcomings 
in respect to any of the three procedures are no reflection on that pro- 
cedure, nor do they enhance the value ot the others If this is recog- 
nized and if surgeons are governed accordingly, prostatic operahons 
will be perfectly individualized in respect to both the patient and the 
surgeon, and urologic surgeons will best serve the welfare of their 
patients 

Carcinoma — Silverstone stated that radium has a definite place in 
the treatment of carcinoma of the prostate gland To be of iiiaMmai 
benefit, irradiation should be uniform, and, since massive local destruction 
IS to be avoided, multiple foci of low intensity should be used Penneal 
exposure of the prostate gland allows a uniform distnbution of needles, 
without concentration of the dose at any mucosal site Neoplastic exten- 
sion in the neighborhood of the seminal vesicles can also be dealt with, 
if marked sepsis or renal inefficiency is present, such extension must 
be dealt with by preliminary drainage, either by indwelling catheter or 
by suprapubic cystostomy 

Radium is not universally applicable The patient who has 
metastases and pain referred to the lower limbs, usually cause i 
glandular metastases in the pelvis, will be better without treatment , 
radium About a third of patients have demonstrable metastases w e ^ 
they are first seen If the general condition is poor or if the 
inefficient, radium should not be used unless and until 
place When marked obstruction is present, conservative surgi in 
vention usually should be earned out in addition to radium t 
Patients treated with radium should be followed up careful), s 
fibrosis occurs dilation or endourethral resection may be neces^O^^^^^^^ 

For treatment to be of value in cases of caranoma o 
gland the condition must be diagnosed earlier than is usua 
It would seem that this can be accomplished only by the rou^i^ 
examination twice a year of persons more than 50 aspect* 

examination may reveal areas of induration, the pat ° [jjopsv 
which can be confirmed by resort to aspiration of materia 

Sarcoma — Stevens and Barnnger presented a j, 

sarcoma of the prostate gland and anaplastic carcinoma 

ol the hfi 

44 Silverstone, M Radium in Treatment of Carcinoma 

J Surg 27 498^505 (Jan) 1940 Tr 

45 Stevens, A R, and Barnnger, B S Sarcoma oi 
A GenitO'Unn Surgeons 32 275-303, 1939 
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readily and commonly confused with sarcoma The purpose of the paper 
was to correlate existing facts and thus perhaps to clanfy ideas con- 
ceming these diseases 

Brief histones were appended of 16 patients who had prostatic neo- 
plasms Five of the tumors were proved microscopically to be myo- 
sarcomas, 1 to be lymphosarcoma and 1 to be spindle cell sarcoma 
There were 3 carcinomas in young men , for the last 6 patients a clmical 
diagnosis only of mahgnant disease had been made, the lesion being 
called sarcoma. It is of interest to note that 4 of these patients were 
subjected to operation for prostatic abscess According to the litera- 
ture, only m rare cases can sarcoma of the prostate gland be controlled 
for more than a few years by present methods On the basis of a revie\\ 
of the histones, the records are discouraging The diagnosis is usually 
made late in the course of the disease, and the course is rapidl}'’ down- 
ward, with occasional temporary regression of the tumors if the patient 
IS subjected to roentgen therapy 

The tissue giving origin to the tumor forms the basis for perhaps 
the simplest and most satisfactory patliologic classification of prostatic 
neoplasms Stevens and Barringer, therefore, suggested that sarcomas 
of the prostate gland be segregated in three groups 

1 Leiomyosarcoma and rhabdomyosarcoma, which take ongin in the 
musculature of the prostate gland These two tumors are much alike 
m growth and clinical manifestations 

2 Lymphosarcoma, which onginates in the lymphatic tissue of the 
prostate gland This tumor formerly was a disputed entity but is now 
generally recognized 

3 Sarcoma, which has an undetermined ongin The term includes 
spindle cell sarcoma, fibrosarcoma, myxosarcoma, round cell sarcoma 
and giant cell sarcoma 

For chnical reasons, Stevens and Barringer added to the aforemen- 
tioned groups a fourth lesion, which is not sarcoma but anaplastic car- 
cinoma It has various features which resemble those of sarcoma and 
is often mistaken microscopically for lymphosarcoma 

Metastasis from carcinoma of the prostate gland takes place usuall} 
through the lymphatic channels but may progress by means of the blood 
vessels It is probable that the metastasis to bone occurring in this dis- 
ease may take place by either the lymphatics or the blood vessels The 
picture is reversed in cases of sarcoma of the prostate gland, in which 
the usual routes of metastasis are the blood \essels Lymphatic metastabc*, 
from prostatic sarcoma are not rare, howc\cr 
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The less malignant sarcomas often cannot be distinguished from non- 
mahgnant hypertiophy of the prostate gland When the diagnosis is 
made on the basis of the specimen removed, any future treatment depends 
on the pathologist's opinion and the subsequent course of the disease 
The more malignant tumors, whether they are lymphosarcomas, myo- 
sarcomas, sarcomas of undetermined origin or anaplastic carcinomas, 
generally produce one or more indications that an unusual neoplasm is 
present These indications are The patient is below the age at which 
prostatic hypertrophy or prostatic carcinoma might be expected to 
appear, he gives a short history of the development of the lesion or 
his discomfort , the prostate gland is of great size , the neoplasm often 
almost fills the rectal lumen, the neoplasm is elastic and irregular as 
contrasted to the irregular indurations of prostatic carcinoma , a supra- 
pubic tumor is present which is continuous with the prostatic tumor, 
generalized lymphadenopathy is present, and the patient has experienced 
rapid loss of weight and cachexia, although the two symptoms last 
mentioned generally are absent 

Prostatic abscess, prostatic carcinoma, tumor of the bladder, extra- 
vesical tumor, cyst of the prostate gland and massive stone of the pros- 
tate gland are all conditions which may be mistaken for prostatic 
sarcoma 

Stevens and Barringer’s experience and the literature both 
strate the superior value of irradiation over surgical procedures in 
treatment of this condition ^ 

Leiomyoma — Deming discussed the significance of leiomyomas o 

the prostate gland “Leiomyoma” is a term loosely applied to tumo 
of smooth muscle and connective tissue Deming found, mu 
32 cases of leiomyoma of the prostate which were available or s 
The condibon of the youngest patient, who was 24 years o age,^ 
described in a case reported by Koemg in 1936, the con 
oldest patient, who was 80 years of age, was described y 
Rhea m 1935 The average age is 61 7 years ^ 

The cases are sharply divided into two groups 
the patients had obstruction of the neck of the bladder of 

way those cases, familiar to urologists, which are descn e 
“prostatism ” Reports of necropsy showed that of 

neck of the bladder, infection of the urinary tract, is 
bladder and dilatation of the ureters and renal pelves were average 
this particular group there was a majority of 27 cases 
age of the patients was 64 7 years, approximately tie 

— r,f the Prostate 

46 Deming, C L The Significance of Leiom>omat 
A Genito-XJnn Surgeons 32 263-273, 1939 
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for patients with prostatic hypertrophy The second group of patients 
had rectal symptoms without urinary symptoms Rectal examination 
showed a smooth^ elastic enlargement of the prostate gland There 
were 5 patients in this group, and the average age was 45 2 years 

In the series of 32 cases, 5 patients died without undergoing opera- 
tion on the prostate gland Twenty patients were operated on by the 
suprapubic route The youngest patient, 24 years of age, who had no 
urinary symptoms, was included in this operative group All the patients 
recovered Six were treated by perineal enucleation of the tumor Five 
recovered, 1 died within twenty-four hours, of shock Transurethral 
resection was performed in only 1 case, it was successful Twenty-six 
of the 27 patients on whom operations were performed recovered, the 
operative mortality rate being 3 7 per cent, which approximates the 
results of prostatic operations in the best clinics 

The tumors varied in size from 5 to 570 Gm , they occupied the 
urethral portion of the prostate gland 

Many authors have described leiomyomas as encapsulated tumors 
of smooth muscle, simulating myomas of the uterus In other reports, 
leiomyomas have been descnbed as nonencapsulated tumors of smooth 
muscle with interlacing fibers having a whorled appearance 

Up to the present, the diagnosis of leiomyoma of the prostate gland 
has not been made preoperatively Rectal palpation does not distingmsh 
leiomyomatous and glandular tumors It is possible that the occurrence 
of rectal symptoms in young men might suggest the existence of such 
a neoplasm Cystoscopically, leiomyomatous enlargements of the prostate 
gland are similar to the glandular masses m situation, size and character 
A specimen for biopsy obtained by the transurethral method provides a 
means of diagnosis This method was employed in only 1 reported case, 
but the lesion was not diagnosed until microscopic study had been 
made 

Abscess — Schwartz found, in studying the problem of prostatic 
abscess and nonsuppurative prostatitis, that the nonspecific hematogenous 
type of abscess is as common as that caused by the gonococcus Of the 
12 cases of nonspecific abscess reported, there was sufficient clinical 
evidence in 4 to warrant the designation of ''metastatic'' or "embolic” 
abscess of the prostate gland The history of several of tlie other patients 
suggested that the abscess was secondary to a focus elsevhere, which 
had already subsided when the patient presented himself It is justifiable 
to assume that metastatic abscess of the prostate gland occurs much 
more often than is generally appreciated 

47 Schwartz, J Mctai>tatic Absce<;s of the Prostate Gland J Lrol 43 108 
115 (Jan ) 1940 
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Prostatic abscess is not a serious lesion it it can be recognized in 
time and if it can be properly tieated A conseivative policy is justifiable 
and IS often of great value, but surgical drainage is imperative when 
there are immistakable signs of a prostatic abscess which does not respond 
to reasonable nonsurgical measures Recovery of the patient after surgical 
drainage is usually more prompt than when drainage has not been 
instituted 

(To Be Concluded) 



Notices 


SPECIAL FEATURES FOR COMING YEAR 
It IS proposed to continue the publication of symposiums during the 
coming year and^ in addition, to publish review articles which will cover 
the advances in all fields of surgery The first of these articles will 
be by Drs Alton Ochsner and Michael DeBakey, it will be entitled 
'^Carcinoma of the Lung” and will appear in an early issue A paper 
by Drs W H Cleveland and Waltman Walters, “Surgical Lesions of 
the Pancreas A Review,” will appear shortly thereafter Other mem- 
bers of the Edi tonal Board will sponsor articles ot this type, and the 
board feels that in this way the recent developments in all fields of 
surgery will be brought to the attention of the readers of the Archives 
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Foreword 

In the Jan 13, 1940 issue of The Lancet (London, England) Prof Grey Turner 
published a most interesting account of his visit to some of the medical centers 
m South Amenca. The article describes the excellent work being done by 
South American Surgeons, and for this reason as well as because it would 
prove of great value to North American surgeons contemplating a visit to South 
American clinics, the chairman of the Editorial Board asked Professor Turner 
to prepare a similar article on the same subject for publication in the Archives 
Professor Turner graciously complied, and his contribution, part of it taken from 
The Lancet, follows 

These brief notes are the record of a visit, made in company with 
my wife, to Buenos Aires, Argentina, and other South American 
republics and cities during September 1939 under the aegis of the 
British Council for the Promotion of Cultural Relationships The 
voyage from England, with calls in Portugal, Madeira and Brazil, was 
in every way delightful, though the last few days were darkened, in 
more senses than one, by the threat of war 

When we arrived at Montevideo, the principal city of Uruguay, 
after sailing for several days under wartime conditions, it was delight- 
ful to be greeted by H B M Minister Mr Millington-Drake and by 
the surgeons of the city, who had most thoughfully arranged a deputa- 
tion to welcome us A further surprise was in store, for were 
soon joined by Dr Oscar Ivanissevich and Dr Castro O Connor, who 
throughout proved such an admirable and efficient secretary and who 
came on behalf of the faculty of medicine of the University of Buenos 
Aires to offer us a further welcome and to chaperone us during the 
concluding stages of our journej^ up the river Plate When \\c landed 
at our desUnatJon, Prof Jose Arce (fig 1) and several others were 
waiting with a further warm welcome, and from that moment until we 
left, nearly two weeks later, we met with the greatest kindness, and a 
handsome motor car was al\va}s at our disposal 

My mission was to deliver a senes of lectures, to make contacts in 
professional and academic circles and to see as much as time would 
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permit of the woik of the hospitals and ancillary institutions Inci- 
dentally, these activities were interspersed with numerous social func- 
tions, lavish hospitality being shown on every side 

Buenos Aires ranks high in the scale of great cities, not only because 
of its size but because of its fine layout and notable architectural fea- 
tures It was a surprise to find such a city with between two and three 
million inhabitants, for, though it is over 6,000 miles from the shores 





Fiff 1 — Prof Jose Arce, director of the Institute of Clinical S g 
Buenos Aires 

ot Great Britain, it is a sort of mixture of London, Pans and ^ ^ 
There are wide open spaces, many public gardens and no en 
statues Much land along the river bank is being rec aime 
out as public parks with broad boulevards and flower o 
every scrap of spare ground seems to be looked after, “j,cle 

some not vtxy distant date it may be destined to be built on 
town breathes a fine cnic spirit, which indeed seemed 7-]- 

in most of the South American republics which we v 
numerous hospitals are for the most part old buildings 1 
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style, with patios, colonnades and ample open spaces, laid out with 
flower beds and shioibs between the pavihons But in most cases new 
blocks are springing up in the grounds of the original institutions, and, 
quite apart from new buildings, alterations have been made to bring 
the various departments up to date Fortunately, as yet nothing has 
been done to overshadow the original style, which reminds one so much 
of the old days of Spanish domination Inside these old hospitals, 
what struck one more than anything else was the way that every hole 
and corner had been put to some useful purpose It was remarkable 
to find parts of the corridors, window recesses and odd corners con- 
verted to some useful purpose, apparently without regard to a build- 



Fig 2— Model of the new Institute of amical Surgery in the course of 
erection in Buenos Aires 


ing scheme but simply that the new-found space might serve the 
end in view without delay The use of light tiles and light paint con- 
verts dark corners into bright spaces, and of course the plentitude of 
marble and of sunshine is a great help But the days of some of the 
old hospitals seem to be numbered, and just opposite the Institute of 
Clinical Surgery a large modern building which is springing up will 
form a hospital center and medical school on tlie American plan (figs 2 
and 4) The central part is to be eighteen stories high, and, as the 
illustrations show, the other parts are in keeping Many of the clinics 
as they are today remind one of the Continental st>Ie and are more of 
the French than of the Nordic pattern, and the caps and aprons worn 
by the professors and their staff are \ery reminiscent of Parisian da>s 
In the well appointed clinic of Prof Jose Arcc the influence ot that 
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mastci of oi^aiii/.ilion aiul toimi of mspir.ition was obvious on every 
hand Then. SLcmed to In* no shorlaLjt ot competent assistants, and it 
would appear that the idea ot '.tickniLj to the parent hospital attaches 
a gicat many of the seinoi nun to the \arious posts and probably 
means that theie .ue alua)^ lot'i ot well treuned men willing and anxious 
to continue at hos|)iial work in the hope ot attaining preferment But 
the atmosidieie wa^ good, and the elmic seemed to claim the attach- 



Fig 3 — Cover of the catalog of the exhibition of plastic s g 

ment of everybody about it A good deal of the operations, 

rather an old-fashioned amphitheatre, which is also use o At 

but the tutorial work is conducted in smaller classes m ^esthesia, 
operations one notices the frequent use of local and ^P'^^^^^^jy^ation of 
but It was explained that this was largely due ^ ^ country, and 
the Argentine to lose consciousness , it is a wi^ ^'I-eneral anesthesia 
the patients like to know what is going on ! ge occasional 

is gaining a foothold , one saw some of the latest mac (jevotmg 

use, and at least one member of the medical pro 
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himself entirely to work as a specialist m anesthetics The operating 
lists are singularly hke those at home except that, of course, the surgical 
management of hydatid diseases still takes a prominent place, though 
we were told that the disease is not nearly so frequent as in the immedi- 
ate past Surgery of the lung is coming into its own, and it was inter- 
esting to find that neurosurgery is mostly in the safe hands of a Harvey 
Cushing pupil and disciple In the dime of Arce, plastic surgery has 
been largely developed by Dr Oscar Ivanissevich, and just at the time 
of my visit an exhibition of photographs, diagrams and models (fig 3) 
dealing with plastic surgery and its results was being held in an empty 
ward, which in ordinary times would accommodate some 25 or 30 
patients Nearly all the photographs were in color and were lUummated 
from behind, and they made a very fine show The mumcipal art 
gallery had loaned some oil paintings of appropriate nudity, and these 
helped to enliven the more technical exhibits The exhibition was 
arranged to commemorate the twenty-fifth anmversary of Professor 
Arce’s occupation of the chair of surgery in the university and to 
express the warm feelings of his pupils for the stimulating example of 
their maestro The inauguration ceremony was attended by repre- 
sentatives from other towns in the Argentme and from the neighbor- 
ing republic of Uruguay On that occasion I was glad to be given the 
opportimity of saying something about the general prinaples involved 
in this branch of surgery 

The medical dime of Professor Mariano Castex is a very active unit, 
and there were numbers of enthusiastic assistants, all most anxious to 
exhibit their work As in other departments, I was struck with the 
way small spaces and odd corners had been used to accommodate labo- 
ratories, examination rooms, secretanal offices, etc One small ward 
was devoted entirely to diseases of the peripheral vascular system, and 
there I saw numbers of elderly men with advanced vascular starvation, 
in some cases with impending loss of the toes or part of a foot as the 
result of gangrene Professor Castex explained that they made a 
special study of these conditions and that by various means, but espe- 
cially by use of subcutaneous injections of carbon dioxide, they were 
getting very good results , in fact, during the previous two years it had 
not been necessary to do a single formal amputation of a limb, although 
some patients had lost a small part of the foot In nearly every case 
recovery was complete enough to allow the patient to resume his previous 
occupation There was ample evidence of activity in other branches 
of medical work, such as the treatment of carcinoma of the bronchus 
and lung (which tliey find to be very common), bronchiectasis and 
nephritis and the geographic distribution of renal calculi, etc Eacli 
clinic seems to have its own roentgen department, and the results 
shown me were very good indeed 



1312 


[RCIllVES OP SURGERY 


At the Rawboii Hospital, with ilb new department of surgery, I 
saw Pi of Enrique Einothietto, who is doing some very nice work 
Before operating the piotosur demonstrated the steps by a series of 
excellent colored drawings which he had himsclt prepared These 
w'erc exhibited on an easel in the theater, being turned over one by 
oiK, they proeided a most eftectne guide to the work proposed Fino- 
chietto’s technic loi gastiectoiii) b) the Billruth no 1 method is well 
known and largely used m South \mcrica, and it w'as a treat to see 
it completed by such a master The local anesthesia was perfect I 
noticed that Duval's lung forceps was largel) used and w'as certainly a 
most eflectue handle toi the \iscera Some remarkable and curious 
esophageal conditions had been collected for ni} inspection Many of 
the patients come from the campo, that is, the region of enormous open 
plains which forms so much ot the country of the Argentine The 
agricultural workeis theie do not seem to bother much about their 
physical complaints until the} aie most ob\ious, which probably accounts 
for the extremely advanced state of man} of the pathologic conditions 
which Professor Finochietto's assistants were able to demonstrate 
At the Hospital Ramos Afejia I met Dr A Cebalios, a recent visitor 
to Great Britain and an enthusiastic worker The theater there is of 
the ultramodern type, an} but the most intimate visitors are entirely 
excluded from the floor and find places in a gallery which is realy 
outside the room and fiom which they look down on the operations 
through plate glass screens, communication being established throug 
the medium of loudspeakers Though probably not contemplate , i 
was not surprising to look up and see visitors whihng away the te lun 
of looking at some complicated pioceeding from this considerable 
tance while enjoying a cigaret Dr Cebalios demonstrated the case 
of a young boy on whom he had recently earned out a total poeu 
monectomy, with an excellent result A visit to the wards s ow 
a new type of construction, with which I was entirely u 
Inside the long ward there were built partitions extending abou 
(18 meters) high and surrounding a space large enough to accomin 
two beds, which as a rule faced the window In a long 
arrangement provides a certain amount of privacy, but it 
me that it is probably rather trying for the patients, esp^i^ pother 
the sky and the sun are both bright In the same hospital 
day I met Dr Robertson Lavalle, whose work on the trea ^ 
tuberculosis of bone has been the subject of discussion for som^ sPown 
I feel that I carmot usefuUy comment on his methods, but 
1 or 2 patients with evidence of well developed ^yere 

had been treated by his techmc of bone puncture pgratus 

apparently completely cured, though no fixation by plaster 
of any sort had been employed and no long period spen 
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Lavalle operated on a typical Pott's spine A bone fragment about 2 
inches (5 cm ) long and about ^ inch (0 6 cm ) thick was cut from 
the front of the tibia, one side of the spine near the disease was then 
exposed by an incision about inches (8 8 cm ) long, as in the first 
stage of laminectomy A hole was then made with an instrument like 
a bradawl from the root of the lamina obliquely fonvard into the verte- 
bral body just above the main lesion Into this hole the spigot of 
tibial bone was driven, and the incision was closed As soon as the 
wound had healed the patient was to be allowed to get about freely, 
without retentive apparatus of any sort I also saw illustrations and 
roentgenograms of cured lesions which left one bewildered and wonder- 
ing This subject was constantly discussed in the Argentine, and 
Dr Lavalle and his disciples seemed to be satisfied about the efficiency 
of the plan I could not help feeling that there must be something in 
this method, and yet what that something is or what is the dividing line 
between success and failure I am unable to surmise 

At the Hospital Rivadavia, with Dr A J Bengolea, I saw some 
excellent results in cases of intractable vesicovaginal fistulas following 
labor, treated by transplantation of the ureters I also saw many 
specimens of large gallstones which had passed spontaneously without 
operation as a result of administration of magnesium sulfate through a 
duodenal tube Dr Bengolea is investigating problems of bihary 
surgery, for his activities in the field of gynecology and the realm 
of general surgery seem to be interchangeable With a British 
colony of over 50,000, it is not surprising that the British hospital in 
Buenos Aires is the largest outside the British Isles, and it was mce 
to find that half of the new hospital with its fine wards and spacious 
balcomes was already completed The staff, who are all of British 
ongin, are keen and enthusiastic The buildings of the medical school 
are delightfully spacious, reminding one of those of the Medical Faculty 
m the University of Saragossa in Spain My visit was made in the 
evening, and in the absence of sun the buildings appeared gloomy It 
was very difficult to realize that the enormous lecture theater, after 
the style of those one sees depicted on the title pages of some of the 
old folio works on anatomy, was only about a hundred years old The 
carved scroll on a canopy above the lecturer's platform was a fine piece 
of work, which did not seem to be appreciated, though the comfortable 
seats covered with plush must have been somewhat of an attraction 
The days of this particular theater are numbered, for it is to be replaced 
by a modern theater or senes of theaters in the new building which 
IS rapidly rising from the ground in the vicinity (fig 4) It ^\as eas> 
to lecture to the enthusiastic audience which collected, but one soon 
realized that punctuality had not become a reflex among professional 
circles in the Argentine I spoke in English, using lantern slides and 
films, and was assured that the great majont} of tho^c present under- 
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word or phrase An odd «ord or fl f i ™ of some 

there may dispel an obseurity ,n a !.! '’=^0 and 

towns and in Chile the gist of wh l^ ^^he provincial 

along, but good slides and films with translated as I went 

a long way to make up for Imeuistir I .r ^ Spanish went 
most attentnc and did not an o‘ icicncies The audiences were 

”ot appear to mind rather long sessions 
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of the Institute of Clinical Surgery, seen from above 
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IS Dracticallv^f^^^*^^^^j^° learn that the medical course in the ArgenPne 
of their professors students have some word in the choice 

noisv mppfin t- exerase of this privilege accounted for a rather 

lust^out<;,H ^ students were holding in one of the corndors 

letters nn ^ ^ ^^ture theater and for an exhortation chalked m big 
than anotherT^ school, urging the claims of one teacher rather 

usually a very attractive feature of any aty, but 
fn sair i-h^l r ^PP^y Buenos Aires, for I do not hesitate 

m ^ ^ t most interesting places in connection wit i 

medicme which it has ever been my privilege to visit The director 
as a g y eveloped artistic sense and a stimulating personality, an 



TURNER^MEDICAL CENTERS OF SOUTH AMERICA 1315 


this accounts for the way the building is embellished with marble, 
stained glass windows and decorated iron work and is further adorned 
with pictures and statues There are growing plants, flowers, trickling 
water and soft lights, and it only requires the enchantment of music and 
incense to make one think of some scene from the Arabian Nights 
The office of the director was much more like the bureau in some 
great art collection than the administrative office of a dead house 
The whole idea is to soften the poignancy of death without destroymg 
Its mystery The institute reflects great credit on everybody concerned, 
for all the necessary work has been done on the premises The modeler 
who makes the death masks was responsible for the statues, another 
of the staff painted the pictures, the engineer who looked after the 
refngerator plant made the decorated iron work, and so on The post- 
mortem room itself was beautifully clean and was so effectively air con- 
diboned as to be entirely free from smell 

One of the best features is a museum of medical jurisprudence 
which would have delighted our British medical junsts The director 
apologized for its small size, but it is about as large as the war collection 
at our College of Surgeons Museum in London and appears ample 
There is housed a wonderful senes of actual specimens illustrating all 
kinds of wounds and other mjunes, bums of all degrees up to com- 
plete charnng of the body, lightmng injunes, the effects of poisoning 
by chemicals and gases and the conditions causing sudden death All 
kinds of crimes were depicted ‘'m the flesh,’' and some were so realistic 
as to be revolting The speamens are beautifully preserved and 
exhibited, and where necessary there are also wax models, diagrams 
and photographs Each exhibit has a full descriptive label, and copies 
of the complete notes on every specimen are kept in the museum and 
are readily available The morgue is, of course, intended for the most 
part for the reception of bodies sent by the police, but I understand 
that by request any postmortem examination can be conducted there 
The dossier of every subject is complete, and in one folder are all the 
particulars furnished by the police and the relatives When available 
there are copies of the chnical notes, complete hsts of the possessions 
found on the body, careful records of the examination made, records 
of chemical tests, photographs of the body, newspaj>er cuttings, letters 
and, in fact, everything relevant, preserved and kept together All is 
most complete and is carefully dated and always readily available It 
was an unexpected experience, after an hour or two spent in the 
building, to be invited to the director’s office and to have tlie oppor- 
tunity of talking over pathologic experiences seated m comfortable 
chairs in artistic surroundings and regaled with deliaous coffee and 
cigarets 
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to right, the photoera^i? visitors (September 1939) From left 

Turner and Dr Pncf ^ P^'ofessor Roffo, Mrs Grey Turner, Professor 

'-astro O Connor 

resident pEtients + 

for treatment b ' atones, operating theaters and ample pxovision 
necessary m ^ eradiation and all the anallary methods which way he 
roentp-en th malignant disease The equipment for high voltage 

of mv vi<;it appeared to be complete and adequate, and at the time 
voltncTf^ u ^^S^g'ed in installing some newer and very high 

the professor was hopeful that he had overcome 

of a mpth 1^ f c>f the tubes as a result of the developmetit 

which h ^ °r instructive to talk over the reiu 

had so far been obtained No extravagant claims were made, hm 
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one could judge from the records that the work was done extremely 
carefully and systematically and that probably the best results obtainable 
were being secured To enhance the value of the records extensive 
use IS made of pictorial methods, and in all cases photographs are made 
not only at the commencement of treatment but repeatedly throughout 
Its course We heard of remarkable results in some few individual cases, 
but these one almost comes to expect in cancer clinics, and it is difficult 
to avoid the conclusion that many of them are in the nature of freak 
results which are unlikely to be repeated even by employment of exactly 
the same methods in comparable cases So far they have had little 
success in the treatment of malignant disease of the esophagus or of 
mtra-abdommal disease, and the professor appeared to be quite hopeless 
about the outlook for malignant melanoma For cancer of the -^ectum 
operation is largely employed, but irradiation is used as an adjunct, and 



Fig 6 — Institute of Experimental Aledicine in Buenos Aires 


so it is with cancer of the breast and cancer in other situations I got 
the impression that close study of the methods would prove of great 
interest and value As in all other countries that enjoy a maximum of 
sunshine, cancers of the skin are very common, and here they can claim 
a large proportion of excellent results by irradiation, with a minimum 
of deformity The professor has been very interested in the problems 
connected with this particular type of disease, and by examination ot 
the skin by a special lamp he is able to detect those cases in \\hich heavy 
deposits of cholesterol suggest a tendency to development of malignanc} 
All the work is checked, and the colored figures of the cutaneous lesions 
were very convincing In the institute there is a pathologic museum 
devoted to malignant disease in all its varieties In the laboratories the} 
are at the moment particularly interested in the part that tobacco may 
play as a carcinogenic agent Ouantities ot tobacco ot all \ariLtiLS were 
being in\ estigated, and in e\crv case tIK^ had extracted a thick, black. 
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oily-looking substance which contained the carcinogenic agent in varying 
proportions , we saw many experimental animals in which various types 
of surface cancer had been produced by painting with the product 

After this demonstration one could appreciate the idea behind 
propaganda posters which showed what was supposed to be the carano- 
genic agent falling from a cigaret and depicted as flowing like a great 
black cloud over the greater part of the cancer-ridden globe A similar 
substance can be extracted from soot particles from the air It was quite 
alarming to see the large quantity of soot which had been collected m 
one of the filters, though one would have thought that the institute was 
situated in a particularly soot-free part of a not very sooty aty They 
have a remarkable collection of tissue cultures which had been going on 
for a long time, and the study of various problems by this method seems 
to play an miportant part in their work 

The record and literary department appears to be complete, for they 
endeavor to cover the world literature dealing with cancer The huge 
pile of reprints from the daily post bag looked most formidable, and we 
saw a couple of clerks at work going through the articles and making 
epitomes, which were filed in a card index system, but I wondered if 
this system were suffiaently personal to be as useful as the labor involve 
would lead one to expect 

A few hours is far too short a time to spend in this institfite, and the 
interested visitor ought to have two or three days at his disposal to ge 
the most value out of such a visit 


I must just mention the house of the Argentine Medical ’ 

which occupies something of the same position in the medical commum^^ 
as does the Royal Soaety of Medicine in London In addition, i^^^^ 
affiliated with the soaeties of outlying towns, and it also exten s 
pitality to other medical sociebes, which hold their meetings m i s 
premises They have nice lecture rooms, reading 
rooms and a very good library and are anxious to esta 
connection with the similar institutions in our own country 
Mamini is the president, and I was told that the flouns mg 
of the institute was entirely due to his enthusiasm, his 
orgamzafaon and the tact and industry which he has app i 


development . gQ^e 

No account of Buenos Aires, however brief, shou pj-g. 

mention of the truly marvelous collection of prehistoric 
served in the museum at La Plata, which is just thirty- ve 

the capital is the 

From Buenos Aires we went down to Montevi eo, ' 

capital of the Republic of Uruguay night The 

river boat from Buenos Aires, the journey being ma e ov 
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aty has a population of about three quarters of a million, and appears 
to be a very “go-ahead'^ place The medical faculty, which is large and 
active, IS housed m fine buildings after the old spaaous Spamsh style, 
with a huge portico and massive marble staircase The theater where 
I lectured was large and ornate but had good acoustic properties I was 
much struck with the dissecting room, which was a veritable hive of 
industry, for there are large numbers of students of both sexes, and 
subjects are plentiful I must say that I never saw more beautiful 
dissections m any “rooms” that I have ever visited There is also a 
good and quite large anatomic museum Testut is the usual textbook, 
but the climaans complain that the students are expected to spend far 
too much time in anatomic study and that the subject is presented in 
too much detail In nearly all the medical schools that I visited in South 
America tlie only whole time professors were the physiologists, so that 
It was surprising to hear that it was the extent of the anatomic teaching 
that appeared to be the more criticized The large hospital is a very old 
bmldmg, also in the Spanish style, but it and the other hospitals are to be 
replaced by a modem medical center which is now in process of erection 
and where the buildings tower so high as to be a landmark from all 
over the city Nearby is the new municipal Hospital for Infectious 
Diseases, with a fine range of laboratories for the public health work 
of the community Prof Dr Horacio Garcia Lagos is head of the 
surgical department of the principal hospital, and in his service I saw 
many remarkable examples of hydatid disease, which is still one of the 
commonest of all the conditions with which they have to deal It was 
interesting to see 2 patients operated on by the method of marsupializa- 
tion, and, though I was struck by the powerful suction pump which was 
used for evacuating the parasites, I could not help feeling that such a 
machine might be dangerous in the hands of any but those who are 
very familiar with its proper use They use a 2 per cent concentration 
of the standard (40 per cent) solution of formaldehyde very freely, not 
only to inject into the cyst before incision but to soak the gauzes which 
are packed about Of course all branches of surgical work are repre- 
sented, and I saw much of interest in genitourinary and bone work As 
m Buenos Aires, the relations of the assistants with their chief seemed 
very cordial, and under his stimulating aegis much good work is being 
accomplished The professor has large clinical classes, and the students 
did not seem to mind that most of the time allotted to his lecture was spent 
m addressing me in English It was refreshing to meet Professor Na\ arro 
who, at 76 years of age, is still doing full work in his surgical service and 
holding the attention of his classes They have a special night emergency 
service for the hospitals, and after 8 30 p m all cases of acute disease 
are dealt with in one institution, speaal surgeons being appointed for 
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this purpose The Biitish Hospital is quite an old institution with a fine 
reputation The management wisely includes on the staff one of the 
most respected of the university professors, Dr Horacio Garcia Lagos, 
which brings to the institution an academic status often lacking m the 
smaller hospitals 

Montevideo owes a great deal to the wise guidance, enthusiasm and 
generosity of H B M Minister Mr E Millington-Drake In his 
efforts for the welfare of the people he is ably supported by his wife. 
Lady Effie, and the new maternity wing, which is her gift to the Bntish 
Hospital, is complete and well designed and will be a great acquisition to 
the aty Incidentally, let me say that in South America the advantage 
of maternity departments in connection with hospitals is being widely 
appreciated 

Throughout the republics football appears to have taken the place of 
bull fighting, and one was astonished to see a new stadium which is said 
to be capable of seating 90,000 people, and which is furnished with its 
own first aid post and hospital 

The activities of the cultural societies is marked both in Buenos Aires 
and in Montevideo In both cities I lectured to large audiences, mosdy 
composed of the inhabitants, who study English with avidity m ^ 


classes arranged by the society 

The next visit was to Rosario, a large port on the Parana nver three 
and a half hours by rail from Buenos Aires The aty claims 
a million inhabitants who are largely occupied in the gram and wt 
trades The prmapal hospital is old and dull, but the surgical si e 
very active, and I shall never forget the beautiful gastrectomy 
I saw carried out with local anesthesia by Prof Dr Oscar Games 
professor makes a great feature of getting his patients up veiy ear 
operations, and I saw a man walking about, dressed m is or 
clothes, two days after an extensive gastrectomy, which ha 
carried out with local anesthesia When operating for r^ 
they always take a roentgenogram of the exposed kidney o P 
a very “quick” variety, is enveloped m stenle wrappings an ^is^^ 
held agamst the kidney during the very short exposure w^ 
that IS necessary The plate is developed at once, proves 

requires only an extra four minutes and that the me o ^j^seases 
very helpful Many of the patients come from the campo, 
and injuries are apt to be far advanced before they rea pj.Qfessor 
The medical school is large and active, and there one o^^ 

Lewis with a complete department of physiology ^ j^iiature, and a 
is a private hospital which is a veritable Mayo dZTl fin'd that Engto" 
the hbrary there it was interesting and stimulati g 


medical books were very popular 
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Cordoba, the next stopping place, is not quite such a large town, and 
IS situated 432 miles from Buenos Aires It is an old city, and the Um- 
versity is proud of the fact that it was the first in the republic and can 
look back on three hundred years of useful history Originally a Jesuit 
college, it possesses a fine old library and a wonderful senate house, 
where the stalls for the professors are made of beautifully carved sohd 
mahogany The pnncipal hospital is of the same old Spamsh type with 
which one had become familiar, but it is to be gradually replaced by new 
pavilions One of these pavilions is already finished and houses three 
departments of hospital activity, each on its own floor We saw the 
throat and ear department, which is in charge of Dr Heriberto Wilson 
There everything was of the latest, and I was particularly struck by the 
rooms for the staff, including a departmental library, a lounge, and 
study rooms, all in addition to the ample suite provided for the professor 
himself 

Prof P L Minzzi is of course very well known m connection with 
his work on cholangiography carried out at the time of operation, and 
one was shown a wonderful collection of lantern slides illustrating the 
use of the method in all kinds of cases Though it was Saturday after- 
noon, I found the department of physiology at work and was told that 
m the Argentine the day is not recognized as an academic holiday 
I have never seen a department better equipped, in spite of the fact that 
It was housed in the oldest type of building imaginable, but the plans for 
a new building are now drawn up, and when complete the Physiological 
Institute ought to be very fine indeed Although most of the instru- 
ments were from Germany, probably about a third were of English 
design and manufacture, and it was encouraging to notice a large propor- 
tion of English journals and books in the departmental library Gen- 
erally speaking, the Argentines are largely pro-Bntish and are much 
attracted by our methods and our culture 

It was from Cordoba that we made the journey by plane over the 
Andes This meant that part of the flight was at a height of between 
15,000 and 20,000 feet, but, except for a slightly unpleasant sensation 
in the ears, it was just as comfortable as sitting in a very well sprung 
and luxurious motor car But the grandeur of the Cordillera cannot be 
appreciated on a journey accomplished so easily, and as a corrective it is 
necessary to read Darwin^s description of his crossing on muleback 
as related in the 'Woyage of the Beagle ” On arrival at Santiago we 
were courteously met by Dr Fernando Opazo, who came to welcome 
us on behalf of the university It was unfortunate that our MSit 
happened to coincide with a great public holiday, which interfered 
seriously with the work of the hospitals Nevertheless, we made a con- 
siderable tour of many institutions and were struck bv the spacious 
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grounds m winch they weie situated The hospital for acadents 
(“traumatology”) is in a new building and is arranged after tlie style 
of the similar hospital presided over by Bohler m Vienna The patients 
aie accommodated in a number of small wards Skeletal traction is 
largely employed, and compound fractures are treated without any dress- 
ings and certainly seem to do very well Some very badly injured 
patients come fiom the campo and illustrate the difficulties of transport 
in a country with few railways and poor roads In the Children’s 
Hospital one saw a great deal of interest , acute osteitis and bone tubercle 
appeared to be very prevelant The arrangements of the “Assistance 
Publique” impressed me very much There are three prinapal centers, 
and all are arranged on much the same plan The idea is that any sort 
of emergency case can be taken to these centers, where there is always a 
competent medical staff on duty These physicians are all on the staffs 
of other hospitals and take two and one-half hour periods of duty m 
rotation throughout the twenty-four hours Both medical and surgical 
emergencies are recognized, and the organization is sensed by an excel- 
lent ambulance service Like “Maxim’s,” they never close, but the most 
striking feature is the fact that from about S p m until 8 a m the 
ordinary hospitals do not take emergencies, which during that perio 
must perforce go to the “Assistance Publique,” so that the ordinary 
hospital services and their patients are not disturbed dunng the hours 
of repose Here they are dealt with, and at the earliest opportum ) 
(it may be within a few hours or it may be after a few days) 
transferred to complete their recovery to tlie hospital in tlie 
which they belong On admission to the station of tlie Assis ^ 
they fii St go through the cleansing department, where road 
removed and the patient is washed and provided with hospita ga™ 
and here the preliminary records are made The operating ea 
always “set” for an operation, so that all that need be done is 
the towels covering the sterilized instruments, lotion bow s e 
are laid out in readiness The records appeared to be nios 
special care being taken with the after-progress All requisitions 
fully checked so that waste and extravagance can be e indeed 

system works as well as it has been devised, then it must e 
At a hastily convened meeting of the Society of Hospita ^j^^^pj.Qcj.ess of 
was an enthusiasbc audience eager to hear something o 
British surgery orovided ao 

The journey home, up the west coast of South jn several 

opportunity for short visits to many places of niuc m e^ y^ntafa* 
republics I was particularly struck in the ^.^'^Qj-iental sluo”' 

gasta in Chile and Bueno-Ventura in Colombo, wit ’^^^i^pjeted 
small houses principally built of wood framing an 
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teTtuXnftoT ^^rosene tins, which were eloquent 

hea r.n . \ ^ preservation of public 

no the other hand, there were always one or 

nn.c,MT”’^^’ and primitive, and I was reminded of the 

P n les for public health propaganda which they might provide 
hlms could be shown directed to instruction with regard 
le prevention of malaria, cholera, typhoid and lesser diseases, it could 
nothing but good and might prove mvaluable That this sort of 
appreaated was suggested by the number of rather crude 
posters which one saw displayed in vanous places The con- 
sideration of this problem reminds me of the plan I saw in operation in 
aen about three years ago There the Port Sanitary Officer, Colonel 
ipson, IMS, had a gramophone record made deahng with the simple 
m^sures that ought to be taken to prevent the various infective diseases 
V 1 C are liable to overrun such places with such tragic results The 
Produced in English, Arabic, Hindustani and Somali and was 
at a very cheap rate to the people, for many of the natives possess 
gramophones The impression gained at a cinema may be vmd, but 
^ er all it is probably evanescent, and similar prease information which 
can e reiterated over and over again will surely make an appeal which, 
not quite so graphic, may at least be looked on as of enormous supple- 
mental value I should like to suggest that the educational value of the 
cinema and the gramophone ought to be borne in mind by those who 
concerned with health problems The general observation suggested 
of fi ^ which I have dealt suggests the practical value 

^ rst-hand knowledge of the conditions existing in other countries 
certainly teaches one that physicians in other lands are only too 
^nxious to be made famihar with the Bntish point of view and are eager 
^ iscuss the facilities for the visitor from overseas who steps into 
ntain s medical arcles In Germany medical travel, at least for South 
mericans, is subsidized on every hand There is the further advantage 
lat the syllabus of the courses to be held is published long ahead, so 
any one contemplating a visit will know what can be had in the way 
ectures and demonstrations, perhaps six months before the time of 
proposed visit Since informabon about the activities of the medical 
mstitutions m Britain are not available in any one government or other 
central department, a foreigner is often at a loss to know to whom he is 
o apply foi* information, and the sooner we establish m London o)ie 
y complete central bureau of medical information the sooner will this 
defect be rectified 

There is a great desire in South Amenca for British publications, 
c 1 books and periodicals, and for British drugs and instruments The 
abhshment of more scholarships in our medicaJ schools and research 
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laboratories, such as those already endowed by the British Coiinal, 
would also be welcome Those who have already come over to England 
with university scholarships have suggested that the scope and details 
of the work to be done should be settled beforehand and that the student 
should receive help in mundane matters concerning the cost of travel, 
lodgings, etc These things could best be arranged through a well 
regulated interchange of information, such as could be conducted through 
the suggested central bureau One of the best of all methods for secunng 
mutual advantage would be the interchange of assistants, and there one 
gathered that most of the difficulties would occur on our side in con- 
nection with the regulations of the General Medical Council Attempts 
should continue to be made, however, to overcome these difficulties, 
because there is no doubt that the mutual advantage would be great 
The student from South America who ardently desires to come to this 
country is not usually a man of means, and he can make the journey only 
at a considerable sacrifice either on his own part or the part of his 
parents, and they are anxious that such sacrifice should be made to the 
best advantage Let me now say that the impression left by the Bntish 
visitors who had preceded me was very vivid, and one heard much 
Arbuthnot Lane, Lord Moynihan and Lord Dawson Further, I shou 
like to acknowledge gratefully the great assistance which I person y 
received from our Diplomatic Missions not only in the Argentine an m 
Chile, but in Uruguay, m the person of Mr Milhngton-Drake, who oes 
so much to promote international cultural relations 



PHYSIOLOGIC SPHINCTER OF HEPATIC 
BILE DUCT 

P L MIRIZZI, MD 
c6rD0BA, AROE^ TI^ A 

The purpose of this paper is to discuss the significance of cholangi- 
ograms obtained during operation which, in assoaation with other 
arcumstantial facts, prove the existence of a physiologic sphincter of 
the hepatic duct above the point of junction with the cystic duct 


PHYSIOLOGIC SPHINCTER 

Contraction of the hepatic duct may be constantly observed cholangi- 
ographically during an operation It takes place immediately above the 
crossing of the hepatic and cystic ducts and can be clearly seen when 
the walls of the ducts are elastic and tlun Neither total nor partial 
contraction is observable when the excretory passages are either dilated 
or thickened In order to prevent artificial dilation of the ^biliary tract 
and any possible spasmodic reaction at the level of Oddi s sphincter, 
iodized poppyseed oil is injected at the rate of 1 cc a minute to a tot 
dose of 3 cc in three minutes Contraction is observable only w en t e 
iodized oil passes through the cystic duct slowly and in a sma amoim 
If distention of the ducts occurs, as a result of a too large or a too rapi y 
injected dose, it is possible that the phenomenon cannot e seen ev 
though an opaque substance more fluid than iodize poppysee o 
(such as colloidal thorium dioxide, skiodan or hippurate) is u 
intended to look at the hepatic duct during operation in a seri^ o 
procedures in order to follow the behavior of the uct 
desisted from doing so because the structure is eep y ' 

especially m obese, muscular patients like those on would 

tions were performed, and any maneuver aj the hepa 
have been dangerous ”Pninuin non iiocere 

EXISTENCE or TWO EXCRETORY SYSTEMS 

The contractile mechanism of the tlie 

gallbladder spontaneously empties itself ^\hlch 

gallbladder-cystic duct-common bile duct iodized oil is 

can be visualized The ladder through the cystic 

allowed to pass spontaneously from the g force 

duct into the common bile duct withou y ^fter injection 

passage of the substance to tlie bile ducts 
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of the oil the substance fills the common bile duct, but it does not pass 
into the intrahepatic branches of the biliary tree The phenomenon is 
also observable in animal experiments 

In 1 of the cholangiographic observations which were made dunng 
the operation, iodized poppyseed oil was injected into the gallbladder 
and forced to pass to the cystic duct by means of mild compression of 
the gallbladder The opaque substance passed violently to the whole 
biliary tree , the ampulla of Vater was open, and the intrahepatic branches 
of the biliary tree as well as the hepatic and common bile ducts were 



Fig 1 — Cholangiography during operation Iodized poppysee o 
into the gallbladder (G) There was a strong ^ duct 

The intrahepatic bile ducts and the proximal segment ^ ^ ^^luine of a 

were filled with oil The common bile duct (C), dilated to ® papilla oi 

finger, easily emptied its contents into the duodenum was admitted to 

Vater (P) (The patient was M S, a woman aged 26 nic 
the hospital in April 1935 She had been operated on for c ro fol- 

the age of 18 years She had had the first hepatic cohe one ye Qpg^atjon 
lowed by subjaundice and urticaria The crises were gjggystitis, without 

performed with the aid of spmal anesthesia There was 
concretions The structure contained stagnated bile ) 

dilated Contraction was restricted to the cysticohepat 

duct crossing (fig 1) trahepahc 

In the second chse, taken ten minutes later, t e 
were still filled with iodized oil, and the proxima sej. 
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duct was dilated, whereas the terminal segment of the duct, near the 
crossing, was in a state of contraction The gallbladder and the cystic 
and common bile ducts together formed a separate excretory system 
The oil progressed slowly through the common bile duct, the diameter 
of which was greatly reduced The substance was eliminated drop by 
drop through the papilla of Vater into the duodenum (fig 2) 

The relative independence of the two coordinated excretory systems 
was shown by a new series of roentgenograms, which showed active 
fillmg of the gallbladder by iodized poppyseed oil I have observed 
several times that any resistance at the distal third of the common bile 
duct produces peristalsis of the duct for as long as it is tonic, by which 



Fig 2~ChoIangiography during operation The roentgenogram ^\as obtained 
ten minutes after the operation The intrahepatic bile ducts and the proximal 
segment of the hepatic duct (H) were dilated, retaming all the iodized oil because 
of contraction of the distal portion of the hepatic duct (H) The gallbladder (G) 
made a system of evacuation with tlie common bile duct (C), the diameter of which 
was reduced to that of a quill The oil was eliminated drop b> drop through the 
papilla of Vater (P) into the duodenum (Dti) 

movement the column of oil ascends toward the crossing and drains 
into the cystic duct The contraction of the hepatic duct prc\eiits 
further progress of the opaque substance Tins clearly sliows the 
indirect protecting role of the hepatic duct, which fa^ors repletion ol 
the gallbladder with bile during the inter\alb ot digestion (when the 
papilla of Vater is closed) as well as in ain circumstance which changes 
the internal pressure of the common bile duct 
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ABSENCE OF REFLUX OF OPAQUE SUBSTANCE BY 
PROPER DERIVATION OF SUBSTANCE 

In general, when iodized poppyseed oil is directly injected either into 
die cystic duct or into the gallbladder itself, the upper branches of the 
biliary tract are partially injected with the substance Notwithstanding 
t e fact that the opaque substance progresses through the cystic duct 
s owly and regularly (as though it were being eliminated by the duct 
drop by drop) and independent of the mildness of the compression 
exerted on the gallbladder (when the substance is injected into the 
structure), a portion of the opaque substance OA^ercomes the contraction 



Fig 3 Cholangiography during operation Iodized poppyseed oil was 
into the gallbladder (6^) The opaque substance passed into the duodenum i 
partially through the fistula which existed between the vestibule (Vet) 
duodenum (^Du) and partially through the cystic duct (Cyr), the common 
duct (O and the papilla of Vater (P) The intrahepatic tree was not 
The oil could not force its passage into the hepatic duct (The 
M C, a woman aged 44, who was admitted m November 1936 The first 
colic had appeared twenty-five years previously, during the puerpenum j 35 t 

had appeared eleven years previously and had been repeated I^^***”^ 
cases frequent vomiting had occurred and fever and jaundice had 
tion was performed with the aid of spinal anesthesia Acute pencholec>s 
a cholecystoduodenal fistula were present ) 


of the hepatic duct and passes into the intrahepatic branches of 
tree On the other hand, the opaque substance does not pass 
intrahepatic branches if a safety valve exists immediate y 





MIRIZZI-SPHINCTER OF HEPATIC BILE DUCT 


1329 


to the crossing point and counterbalances excessive pressure I obtained 
this type of verification cholangiographically m patients who were 
operated on for a fistula A communication was established behveen 
the neck of the gallbladder and the duodenal bulb by means of a small 
orifice similar to the urethral meatus of an adult Ten cubic centimeters 
of iodized poppyseed oil was injected into the gallbladder The structure 
was gently compressed in order to facilitate passage of the opaque sub- 
stance into the biliary tree A portion of the opaque substance passed 
to the duodenum through the fistula and another portion to the cystic 
duct-common bile duct system The upper branches of the bilary tree 



Fig 4 — Cholangiography during operation (stenosing pancreatitis) Iodized 
poppyseed oil was injected through the cystic duct {Cys) The common bile duct 
above the stricture, was moderately dilated and filled with oil T.he hepatic duct 
(H) was contracted A large amount of oil passed through tlie papilla of Vater 
(F) into the duodenum (Dit) (The patient was R P dc Z , an obese woman 
aged 38, who was admitted in March 1935 During tlie last eleven >cars she had 
been suffering from intermittent crises of pain in the epigastric region and the 
right h> pochrondriac region Sometimes the crises were followed by fever and 
jaundice The zone of the pancreas and the common bile duct was painful on 
palpation Operation was performed with the aid of spinal anesthesia The cal- 
culous gallbladder was removed ) 

Were not invcided There was sufficient contraction ot tlie hepatic duct 
in this case to prevent the column ot oil trom ascending, and the excebb 
passed through the fistula, which pla>cd a becondar> neutralizing part 
(fig 3) There is no other phubible explanation for the phenomenon 
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The same phenomenon is observed when communication between the 
cystic duct and the duodenum is artificially established ^ In the course 
of an opeiation I found the stump of a dilated cystic duct (improperly 
called neogallbladder) The operation was performed because of sub- 
mtrant pain aftei cholecystectomy Iodized poppyseed oil was injected 
into the stump (which was dilated to the size of an adult thumb) It 
show^ed the mtiahepatic branches, which were dilated, the common bile 
duct, wdnch wms undulated from active peristalsis, and the presence of 
reflux in the duct of Wirsung A laterolateral cysticoduodenostoniy 
was made, aftei which a Petzer sound was left in the dilated stump 



Fig 5 — Cholangiography during operation The roentgenogram was 
fifteen minutes after the operation The opaque substance in the common 
duct (C), which actively moved in peristalsis, was trying to subdue the o sta 
The filiform stnctured zone is visible in the illustration 

Forty-eight hours later 10 cc of the oil was injected through the 
into the stump, as had been done m the course of the operation 
chse obtained during the injection did not show any reflux of 
stance toward the upper branches of the biliary tree The P 
proved once more that as soon as a neutralizing derivation o t 
either of pressure or of injected oil is established, the contrac i e 
nism of the hepatic duct begins to function 

1 Minzzi, P L Dyskinesie und Gallenblasenregeneration 

denostonue, Deutsche Ztschr f Chir 245 156, 1935 
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The common bile duct empties into the c> stic duct when there is any 
resistance at its distal third The phenomenon is frequently observed 
in the course of operations for calculous chronic cholecystitis when there 
IS a stricture at the distal segment of the common bile duct near the 
papilla of Vater and the pancreatic duct in the absence of bile concre- 
tions Figures 4 to 7 are explanatory They show the picture in a case 
of stenosmg pancreatitis following calculous cholecystitis in which 
cysticoduodenostomy was performed 

From these observations it is evident that contraction of the hepatic 
duct opposes progress of the opaque substance toward the intrahepatic 



Fig 6 — Cholangiography during operation A cysticoduodenostomy w as made 
The transpancreatic segment of the common bile duct is not visible in the illustra- 
tion The mam bile passage, between the point of contraction at the hepatic duct 
(iT) and the stricture, at the level of the pancreas, was injected and in peristalsis 
Iodized poppyseed oil passed tlirough the anastomosis ( "I) into tlic duodenum iDti) 

branches of the biliary tree, forcing the oil in the common bile duct to 
pass to the duodenum through the anastomosis The phenomenon, 
\\liich agrees with the normal ph}Siolog} of the hepatic and common 
bile ducts, has been repeatcdl} verified b\ experiment il proot ot the 
existence of a contractile mechanism at the junction ot the hepatic 
duct which pla\s a primary role in the excretion of bile Seetion ot the 
hepatic bile duct m bihar\ -intestinal ainstomoses favors din^Ienal rellux 
Certain technics of anastomosis ( Messandn), vvhieh make sLctioning 






1332 


ARCHIVES Of SURGERY 


of the anterior wall of the hepatic and common bile ducts necessary, 
seem improper because of the frequency with which reflux of the 
duodenal content through the anastomosis and toward the bihary tree 
establishes itself - 

In the only case in which I followed this technic (for derivation of 
the bile), duodenal regurgitation was observed The same occurrence 
has been reported in the literature (Valdoni) with this type of anasto- 
mosis Longitudinal section of the hepatic duct suppresses the defensive 
contraction of the duct and favors duodenobiliary regurgitation 



Fig 7 — Cholangiography during operation The distal 

sixty minutes after the operation Iodized poppyseed oil accuniu ate 
part of the hepatic duct (H) and the proximal segment of the comm mto 
opposite the anastomosis (A) through which the opaque su stance 
the duodenum (Dit) 


PRACTICAL CONCLUSIONS 

Cholangiographic study during operation 


clarifies several direct 


and indirect facts which prove the existence of a p The 

neurosympathetic center in the wall of the duct or in its pr 

^ . . , , x.u ^iirt in coordinate 


center controls the function of the hepatic bile duct m 


of Odd' 


the distal segment of the common bile duct and the sp 

L’mfection ascendante dans ^ 


U\C^ 


2 Minzzi, P L jL'iniecnon ascenu^iiii.^ 

(apropos d’une observation), Mem Acad de chir 6 > 
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Because of these observations and from clinical experience I believe 
that integrity of the hepatic bile duct must be respected so as not to 
destroy contraction of the physiologic sphincter of the duct in creating 
a biliary-intestinal anastomosis The same criterion compelled me to 
perform, systematically, low transverse choledochotomy in all cases of 
lithiasis of the common bile duct In all cases, but especially in those 
m which contractility of the hepatic duct is evident, the operation is 
performed immediately on the upper edge of the duodenum 



LIGATION OF THE INFERIOR VENA CAVA 


JAMES L WHITTENBERGER, MD 

AND 

CHARLES HUGGINS, MD 

CHICAGO 


Sudden obstiuction of the inferior vena cava above both kidneys has 
been found to be fatal in dogs, whereas ligation is well borne when 
carried out below the renal veins A method is described whereby com- 
plete closure of the vena cava above both renal veins was successfuOy 
carried out 

Ligation of the inferior vena cava produces various effects, depending 
on factors which affect the adequacy of collateral arculation, namely; 
the site of ligation, suddenness of occlusion and species and age of the 
animal ^ The site of ligation relative to the kidneys is of prime impor 
tance because of the enormous blood flow through the kidneys, it has 
been found that survival depends largely on the degree of compromise 
of the renal arculation - 

There is general agreement that ligation of the renal vein is 
by progressive atrophy of the kidney and decrease or complete cessa ^ 
of all unnary secretion, invariably in cats ^ and rabbits an nea 
always in dogs® Microscopic studies have shown that the 
greatest in the tubules, the glomeruli being preserved relative y m 

Ligation of the vena cava just above the renal vems m th^ 
almost always results in death , Polkey ^ had 1 of 5 dogs surv 


From the Department of Surgery of the Umversity of Chicago uggearcli of 
Aided by a grant from the Douglas Smith Foundation for Medical 
the Umversity of Chicago 

1 (a) Pleasants, J H Johns Hopkms Hosp Rep ’ . jjcnteniartio'. 

T , and Lew, W Proc Soc Exper Biol & Med 42 60 , 

G Pohclinico (sez chir ) 41 593, 1934 

2 Polkey, H J Urol & Cutan Rev 33 294, 1929 Pleasants 

3 Zuckwer, J T Am J Path 2 57, 1926 

4 Chin, R. Tr Jap Path Soc 28 277, 1938 procediirca on 

5 Harrmgton, S W Effect on Kidney of Various Surgi 

the Blood Supply, Capsule, and on Ureters, Arch Surg ^ 32 

6 Bender, J A , and Hayman, J M , Jr Proc Soc Exper 
1018, 1935 

7 Zuckwer ^ Pleasants Monteraartini 
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ligation 111 the rat, however, similar ligation in young animals causes 
only a transient period of renal insufficiency followed by complete 
recovery in almost all cases , the mortality rate from the procedure was 
found to increase with the age of the rats 

Abundant evidence exists that ligation of the vena cava below the 
renal veins is not a serious surgical procedure either in man or in the 
lower animals - Edema or slight albuminuria may develop, but neither 
IS common , 

In this study, the venous drainage of one kidney \\as impeded, and 
we were interested in (a) the functional changes which occurred due to 
this venous obstruction, (h) the compensatory changes which resulted 
in the unobstructed kidney and (c) the possibility of ligating the vena 
cava subsequently above both renal veins 

METHODS 

Feniale dogs kept under standard laboratory conditions were used in all experi- 
ments, all operations were performed with ether anesthesia and with aseptic technic 
The animals were first prepared by transplanting the ureters with a small cuff of 
bladder into the skm of the corresponding groin fold When ready for experimen- 
tation the dog was placed on its back on a table, and urme was allowed to collect in 
the natural anatomic pocket of each groin Little restraint was usually necessary , 
the dogs were kept comfortable by frequent rest penods The unne was removed 
by pipets, the metliod making possible quantitative collection of the secretion from 
each kidney without the use of catheters and experimentation on one kidney with 
the other reserved as a control Before each observation period food was withheld 
for eighteen hours, water was given freely one hour before the collection of urine 
to insure adequate unne flow It was interesting to note that fright or other dis- 
tress caused almost immediate cessation of urme flow, sometimes for a minute or 
An ammoniacal dermatitis developed in a few dogs but was usually 
temporary 

Obhque inter-renal ligation consisted in placing a silk ligature diagonally around 
the vena cava m such a way (fig 1) that one renal vem was drained above it and 
the other below, free communication remaining between each renal vem and the 
adjoining vena cava After ligation venous pressures were measured in the veins 
of the leg with a saline manometer connected to a needle in the vein as a direct 
method In an acute experiment it was found that pressure in the veins of the leg 
closely reflected pressure in the obstructed vena cava below the ligature Arten 
pressures were measured directly in the femoral vessels, without anesthesia, by a 
mercury manometer 

Fenal function was studied by creatinine and phenol red clearances, rate of 
excretion of phenol red and measurement of volume and total solids It is w 
established that the exogenous creatinme clearance is a measure of glomer ar 
filtration in the normal dog kidney s Sterile solutions of creatinine in doses large 
«nough (usually 200 mg per kilogram) to ele\ate the blood plasma level to 10 to 

8 Smith, H W The Physiology of the Kidney, New York, Oxford Uni- 
'crsity Press, 1937, p 96 
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ne flow in our experiments ms 



placed f2J that one renal v ri inferior vena cava A ligature h >< 

Subsequently hii?h Ji f ^ below the ligature while the other drains abo>t 
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sometimes as low as 0 1 rr 

that the creatinine clea minute from one kidney, but Shannon^® has dioun 
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red clearances done^^ s^^ed by the rate of excretion of phenol red and b\ phenol 
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fi^^ven intravenouslv started, a single injection of alkaline phenol red 
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Since phenol red interferes with the colorimetric determination of creatinine, a 
special logarithmic graph (fig 2) was made to show compensation for interference 
at various concentrations of phenol red The phenol red content of the plasma was 
determined by alkalinizing the plasma diluted with saline solution to the appropriate 
concentration and reading m the Evelyn colorimeter with filter 540, using a blank 
of diluted plasma taken before the injection of dye Hemolysis was infrequently 
obtained No attempt was made to differentiate the glomerular filtration fraction of 
the plasma phenol red clearance 

The rate of excretion of phenol red was measured after intravenous injection of 
6 mg of the dye, urine was collected for two fifteen minute periods Urine was 
examined microscopically and tested for albumin occasionally Total solids were 
determined by accurately weighing 1 cc of unne before and after drying at 105 
C overnight 

RESULTS 

A Lxgatwn of the Vena Cava Above Both Renal Vcuis—Two dogs in which 
the vena cava was tied above both renal veins died m shock five and ten hours 
respectively after operation In the leg the venous pressure was 26 cm of water in 



of phenol red 

1 dog , the rectal temperature was 98 6 F , the body surfaces were cold, and the 
skin was cyanotic over the lower half of the body At autopsy the kidneys were 
tense and dark red , the vessels of the lower half of the body were engorged, and 
the soft tissue was edematous and mottled in places with petechial hemorrhages 
In both dogs small amounts of dark, bloody urine were observed in the bladder 
B Ligation of One Renal Vem^A renal vein was ligated in each of 2 dogs 
m 1 the obstructed kidney witliin two hours was secreting only a small amount of 
coagulated and fibrinous pale pink urine The urine the next day was clear in tlic 
Gross but continued to be minute in amount and very dilute It contained man> 
epithelial cells In two months there was no sign of recoveo The obstructed 
kidney m a second dog was at first putting out small amounts of visibly bloodj 
urine but recovered rapidly until, at the end of two weeks, it was functionally equal 
to its mate Compensatory hj pertroph^ of the normal kidney w^s marked in both 
dogs, persisting m the first and disappearing in the second dog as tlic damaged kid- 
ney returned to normal For cliangcs in creatinine clearance in the second dog, sec 
figure 3 
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C Oblique Intel -Renal Ligation of the Vena Caza — Inter-renal ligation was per- 
formed in 5 dogs (fig 1) Invariably the immediate result was almost complete 
suppression of urine on the obstructed side, with a consequent drop almost to zero 
of all clearances and of phenol red excretion Albumin and gross blood appeared 
in the urine of the obstructed kidney in all dogs, decreasing markedly after a day 
or two In 4 of the dogs recovery of the obstructed kidney began promptly and 
progressed steadily until (within three to six weeks) fimction was fairly good, 
although it never equaled that of the normal kidney Small amounts of albumin 
and a few red and white blood cells could constantly be found in the unne, 
which was dilute, total solids being approximately one-fourth normal (fig 4) 
Intravenous administration of physiologic solution of sodium chloride produced 
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Fig 3 — Changes m creatinine clearances after ligation of clcaranc^^^ 

and of the vena cava above both renal vems fifteen j and tlic 

were done at each test Note the increase m function of t e norma 
depression and recovery of the obstructed kidney The or ina 
centimeters per minute, the abscissa is time in days 

marked increases of volume secreted by the damaged k Y 
clearance values « kidney 

In 1 dog, however, no recovery occurred in the increase m 

thirteen and one-half weeks of observation A very s ig 
occurred when the opposite, normal kidney was remove ^ 

Concurrently with depression of the kidney obstructe m all 

uniform increase m function of the unobstructed ^ hours after , 

values and volume output appeared within two to r^^ increased dai j 

following day values were usually less, but therea 
approximately two weeks, not much difference being o 
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phenol red and creatinine clearance values In the dogs in which recovery of the 
injured kidney occurred, the functional hypertrophy decreased synchroriously with 
the increase on the recovering side (fig 5) 

D Ligation of the Vena Cava Above Both Renal Veins Subsequent to Oblique 
Inter-renal or Renal Vein Ligation — -Ligation of the vena cava above both renal 



Fig 4 — Changes in creatinine clearances after oblique inter-renal ligation of 
the vena cava above the right renal vein The ordinate units are cubic centimeters 
per minute, the abscissa is time in days Note the depression of the obstructed 
kidney, followed by progressive recovery, the compensatory increase in function of 
the normal kidney decreased with return of function of the other kidney 



Fig 5 —Changes m phenol red excretion after oblique inter-rcnal ligation of the 
'ena cava above the right renal vein The ordinate is the percentage of 6 mg ot 
phenol red eliminated within thirty minutes of iniUal \enous injccUon The 
abscissa is time in days Complete rcco\cry occurred m tlic obstructed kidney 


'cins was performed in 2 dogs after intcr-rcnal ligation and in 2 dogs after ligation 
of one renal \ein In no case was the procedure fatal, resulting only in relati\ely 
mild depression of the normal kidney and e\trarcnal s>inptonib, wliicli will be 
mentioned later Complete rcco\eo of the slightl> damaged kidnt> occurred 
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E Ev^)*orc>wl Effects of Ligotiou of the Vatc Cava — Ligations at the sites 
mentioned produced prompt cyanosis of the lower half of the body in all animals, 
accompanied by dilatation of small veins in the skin, elevated venous pressure and 
usually slight edema The cyanosis regularly disappeared within twenty-four 
hours and the edema within three or four days Progressive enlargement and 
tortuosity of the larger cutaneous veins were the only permanent signs of obstructioa 
Elevation of venous pressure in the hindhmbs was 25 to 40 cm of water, compared 
with 5 to 10 cm in the forelimbs , decrease in pressure occurred until normal values 
were reached, usually withm a week The arterial pressures were all normal 

F Hypertrophy vt an Explanted K'tdney — In a dog with one kidney explanted 
by Alving’s method it was possible to observe changes in size resulting from 
compensatory hypertrophy and ligation of the vena cava After ligation of the renal 
vein one kidney became practically functionless, but the explanted kidney did not 
increase m size, although its function as measured by clearances was steadily 
increasing Ligation of the vena cava above both renal veins caused a slight enlarge 
ment, which had entirely disappeared within eighteen hours 

G Autopsy OhservaUons — In 3 dogs with oblique inter-renal ligation and m 1 
with ligation of a renal vem followed by ligation of the vena cava, autopsy revealed 
complete obliteration of the vena cava below the ligature, only a fibrous cord mark 
mg the course of the vessel, the obstructed renal vem in each case was completely 
fibrosed In 1 dog with oblique inter-renal ligation of the vena cava and one \Mti 
ligation of the renal vem followed by ligation of the vena cava the cava was pat^t 
both above and below the ligature, which was intact, although the obstructed re 
vems were thrombosed Collateral channels involved chiefly anastomoses o cap 
sular veins with lumbar, lumboadrenal and ovarian vems and the vena caia m 
that vessel remained patent One kidney which had no return of function was 
small, weighmg only 10 Gm , it was pale and firm, without dilated capsu ar ic 
Otherwise gross and microscopic studies of the kidneys were noncontnbutory 


COMMENT 

It had been intended to study excretory tubular mass and ren^ 
flow in obstructed kidneys, but renal damage was found to e s 
that it was useless to apply the finer discnminatious in t e use 
ances to determine those points ^ other:>» 

Our results confirm those of Montemartini,^^ Pdky 
who have found that ligation of the vena cava above ot \ re 
nearly always fatal We cannot draw conclusions rom 
ligations of the renal vem, but one of them resulted m exc 
of renal funebon 

Inter-renal ligation produces, at least for a period e pj-oduced 
occurs, acute passive congestion of the kidney simi 
by Rowntree, Fitz and Geraghty by partia occ 
drainage They found that slight constnction o a re 

. . T \fu / 

^ ^ 4 XT T? and 

11 Gorden, W , Alving, A S . Kretzschmar, N K-, an 

Physiol 119 483, 1937 - 

12 Rowntree, L G , Fitz, R, and Geraghty, J 1 ,1 121 (Tcf*' ' 

Chronic Passu e Congestion on Renal Function, Arch n 
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produced mild polyuria, iii our experiments passive congestion, although 
probably more severe than theirs, has always produced oliguria, amount- 
ing at times almost to anuria Toth,^^ by having animals breathe oxygen 
at low tension, has shown that oliguria usually results from anoxia in 
anesthetized dogs, whereas polyuria is the usual response in unanes- 
thetized ones Winton,^" in the heart-lung-kidney preparation, demon- 
strated that a rise in renal venous pressure to 20 mm of mercury 
decreased the output of urine 30 per cent Schmidt and Chen elevated 
intra-abdominal pressure to 27 to 28 mm of mercury and found that 
urine flow stopped unless a glass cannula was inserted into the renal 
vein They, as well as Wmton,"" found that saline diuresis easily over- 
came these pressures Lasher and Glenn, who anastomosed the renal 
artery and vein, found cessation of urinary flow 

Studies of explanted kidneys are of value m studying the problems 
of compensatory hypertrophy Moberg,^® using rats, found evidence 
that anatomic hypertrophy may occur independently of functional hyper- 
trophy and that degenerative changes always occurred in hypertrophied 
tubules MacKay, Addis and MacKay,^® Allen and others have shown 
that a high protein diet mcreases anatomic hypertrophy Mason, 
Blalock and Harrison,”^ using their direct method of measuring blood 
flow from the two renal veins, found that unilateral nephrectomy caused 
a 30 per cent decrease in blood flow 

Our observations revealed an immediate marked mcrease in the 
measurements of function of the normal kidney, in glomerular filtration 
as well as tubular activity That this increase represents opening up 
of unused nephrons is doubtful, in view of White s evidence that all 
glomeruli of the dog function simultaneously Compensatory hyper- 
trophy, beginning promptly, increased steadily for about two weeks 
before leveling off except in dogs m which the damaged kidney 
recovered The explanted kidney of 1 dog did not increase in size while 

13 Toth, L. A Am J Physiol 119 127, 1937 

14 Winton, F R. J Physiol 72 49, 1931 

15 Schmidt, C F, and Chen, IC K Proc Soc Expcr Biol 8 . Med 21 414, 
1923 

16 Winton, F R. Physiol Rev 17 408, 1937 

17 Lasher, K P , Jr , and Glenn, F Effects on Kidney and Blood Pressure of 
Artificial Communication Between Renal Artery and Vein, Arch Surg 38 886 
(May) 1939 

18 Moberg, E Acta patli et microbiol Scandina\ , 1936, supp 31 p 1 

19 MacKay, L L , Addis, T, and MacKa>, EM J Expcr Mexi 67 515, 
1938 

20 Allen, R B J Urol 34 553, 1935 

21 Mason, M F , Blalock, A, and Harrison T R Am J Ph>Mol 118 739, 
1937 

22 White, H L Proc Soc Expcr Biol 3. Med 41 190 1939 



1342 


ARCHIVES OF SURGERY 


undergoing functional hypertrophy Soskin and Saphir have reported 
that prevention of anatomic hypertrophy by imprisoning the kidney m a 
cast was fatal to unilaterally nephrectomized animals 

In spite of interference with venous drainage, no hypertension was 
observed m any of our dogs This observation confirms those of Eichel- 
berger on hydronephrosis, contrasting with those of Katz and his 
co-workers Bell and Pederson found that hypertension lasting 
several months regularly developed in rabbits in which a renal vein was 
almost completely occluded and collateral circulation was not permitted 
to develop 


SUMMARY 


Individual renal function was studied in dogs with cutaneous 
ureterostomies, by means of creatinine and phenol red clearances 
Remarkable parallelism amounting almost to equality of function exists 
m the paired normal kidneys 

Ligation of the vena cava above both renal vems in 2 normal dogs 
produced surgical shock which was fatal in five and ten hours 
respectively 

In 5 dogs oblique inter-renal ligation of the vena cava was performed, 
one renal vein being included below the hgature, causing venous con- 
gestion m the corresponding kidney, whde venous drainage from the 
opposite kidney was unimpaired In all dogs there was immediate 
depression of function on the obstructed side, m 4 of the 5 eventual 
functional recovery was almost complete, and in the fiftli no recover! 
occurred Coincident with the depression on the obstructed side, there 
was marked functional hypertrophy on the normal side, this increasj 
persisted as long as the other kidney was damaged and disappeare > 
and when function of the other returned These dogs survived su ^ 
sequent ligation of the vena cava above both renal veins, and the op 


tion produced mimmal effects on the kidneys 

Complete ligation of the mam renal vein in 1 dog resu 
functional depression with recovery of the kidney in thirteen ays, 
m another dog permanent impairment resulted In each dog su s 
ligation of the vena cava above both renal veins was well tolera 
Measurements of an explanted kidney undergoing 
showed that functional hypertrophy may occur without comm 
anatomic hypertrophy 

Autopsy studies showed that the recovery ot ren (-ollattral 

venous obstruction depends on the development of an a equa 


23 Soskin, S , and Saphir, O Am J Physiol 101 57 , - 

24 Eichelberger, L Proc Soc Exper Biol & Med ^ ” t y Pr<^ ^ 

25 Megibow, R S , Friedberg, L , Rodbard, S , and Ratz, 

Exper Biol & Med 43 245, 1940 < ^ -r>7 1930 

26 Bell, E T , and Pederson, A H Ann Int Med 
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renal venous drainage Allowing time for development of collateral 
circulation to one kidney made possible high ligation of the vena cava 
m dogs 

CONCLUSIONS 

Ligation of the vena cava above both renal veins causes death m 
dogs m a few hours from surgical shock due to accumulation of blood 
from two kidneys, m the posterior portion of the body When oblique 
ligation of the vena cava between the kidneys is done, allowing develop- 
ment of collateral veins in one kidney, subsequent complete high hgation 
of the vena cava is well borne , it is not followed by shock or interference 
with renal function in the kidney with adequate venous drainage 



SICKLE CELL DISEASE 
pathogenic, clinical and therapeutic considerations 

JULIUS BAUER, MD 

LOS ANGELES 

iQin c>riginal description of sickle cell anemia by Hernck in 

, su cient data have been accumulated to permit certain statements 
concerning' the pathologic physiology involved and to ivarrant certain 
practical conclusions as to the management of the condition Tlie 
purpose of this contribution is to put on record additional data derived 
from personally studied material, as well as additional conclusions, chiefly 
therapeutic, denved from these data and from other data already on 
record in the hterature 

It was stnking to observe, in the material examined, that 

1 Sickle cell anemia is not infrequently entirely overlooked by the 
clinician and is discovered only by the pathologist at necropsy The 
diagnosis is established by the observation of a small, markedly atropined 
spleen, which consists merely of a mass of partially calcified fibrotic 
tissue This type of spleen is unknown in any other diseases except 
those in which complete destruction of the splenic blood supply has 
occurred 

2 Errors of diagnosis are not infrequent The enlarged heart, 
systolic murmur and accentuated second pulmonic sound observed i'* 
the patient with sickle cell anemia may lead to an incorrect diagim^'^ 
of rheumatic mitral lesion Sickle cell anemia may account for h}p<-'' 
trophy of the right side of the heart without a valvular lesion It may 
the underlying cause of ulcers of the leg It may give rise to pany^ 
presumably of rheumatic origin, in the muscles, bones and joints ^ 
may also cause so-called abdominal crises which may be diagnose 
acute appendicitis or perforated peptic ulcer and for w'hich oper 
may be done unnecessarily or even with fatal consequences 

3 Patients with sickle cell anemia present very poor me 
surgical risks They may succumb to such a relatuelv simpe 
as acute catarrhal colitis They may lose their lives from such a 

From the Department of Medicine of the School of 
State University and the Charity Hospital of Louisiana at Xeu Or i-J' ^ ^ 

I Mason, V R Sickle-Cell Anemia, in Downej, H ^ Handt^ 
toloffv. New York, Paul B Hoeber, Inc, 193S, \ol 3, P 2329 
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procedure as appendectomy or hernioplasty because their disease was not 
recognized and they were not properly protected against the risk inherent 
in it They may die after a blood transfusion correctly done with 
compatible blood 

nature of the sickle cell trait (sicklemia) 

Sickle cell anemia is one of several recognized types of inborn, hered- 
itary (constitutional) abnonnalities of the red blood corpuscles, including, 
in addition, constitutional hemolytic jaundice (Minkowski-Chauflfard) , 
ovalocytosis (Dresbach) , and Mediterranean erythroblastic anemia 
(Cooley’s disease) 

Certain facts concerning the sickling phenomenon are now clearly 
established “ Sickling is dependent solely on the red blood cells It does 
not depend on any peculiarity of the plasma It is readily demonstrated 
by a simple laboratory technic It is markedly enhanced both in vitro 
and m vivo by lack of oxygen and by an increased supply of carbon 
dioxide ® The phenomenon is reversible, and exposure of the sickle cells 
to an atmosphere nch m oxygen permits them to resume their sphencal 
form Sickling undoubtedly occurs in the arculatmg blood and may be 
seen even m immature nucleated red cells Because the sedimentation 
velocity of the affected cells is diminished, the sedimentation rate may be 
normal even in the presence of marked anemia ^ Sickling cells do not 
show any rouleau formation They are definitely more resistant to 
hypotonic salt solution than are normal red blood cells, and in some 
persons some sickle cells do not exhibit hemolysis even in distilled water 

Several important facts concerning the sickling phenomenon are still 
unknown Thus it is not possible to say at this time whether the fila- 
ments produced by normal living red corpuscles are the agents which 
cause the sickling deformation of certain erythrocytes (Auer °) It is 
not known what kind of peculiar and specific “surface phenomenon” ° is 
the operative factor Finally, investigations on the electric charges of 
sickling cells, which may offer a clue for elucidation of the problem, 
have not yet been carried out 

2 (a) Diggs, L W, and Bibb, J The Erythrocyte in Sickle Cell Anemia, 

J A AI A 112 695 (Feb 25) 1939 (b) Mason i 

3 Hahn, E V, and Gillespie, E B Sickle Cell Anemia, Arch InL Med 
39 233 (Feb ) 1927 Scriver, J B , and Waugh, T R Studies on Case of Sickle 
Cell Anemia, Canad M A J 23 375, 1930 

4 (a) Bunting, H Sedimentation Rates of Sickled and Non Sickled Cells 

from Patients with Sickle Cell Anemia, Am J Sc 198 191, 1939 (b) Diggs 

and Bibb 2 a 

5 Auer, J Structure and Function of Filaments Produced b> Living Red 
Corpuscles, Am J M Sc 186 776, 1933 

6 Huck, J G Sickle Cell Anemia Bull Jolins Hopkins Hoi>p 34 335 1923 
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It may be accepted as an established fact that sicklemia is due to an 
inborn and constitutional abnormality of erythropoiesis The essential 
abnoimahty is that variable numbers of red cells are produced which 
exhibit characteristic deformities under conditions which do not alter 
normal red cells (Afason) Ihe constitutional sickle cell trait is trans- 
mitted by heredity as a dominant mendehan characteristic (Huck®) 
That the trait is not recessive is demonstrated by an observation of Iving 
and Janeway ' In a family m which both parents were affected, only 
four of the six children inherited sicklemia, whereas a recessive character- 
istic would have been transmitted to all six children 

If sickle cell disease, as will be pointed out later, is due to the delete- 
rious consequences resulting’ from the abnormal constitutional trait 
sicklemia, one might expect to find other constitutional abnonriahties 
rather frequently in persons affected with it as compared ivith normal 
persons This is not the time to consider w^hether the sickle cell trait 
represents one of the degenerative stigmas characterizing what I ® have 
termed status degenerate us,” but certain suggestive evidence might be 
briefly listed here 

1 A 10 year old Negress who died of massive necrosis of the renal 
cortex due to impaction of sickled cells in the small renal vessels also 
presented a thyroglossal cyst and multiple congemtal cysts and abnormal 
fissures in the lungs 

2 A 4 year old Negro child wdio succumbed unexpectedly to simple 
catarrhal colitis exhibited at autopsy sickle cell disease and feminme 
pseudohermaphroditism The child had been brought up as a boy, and 
hypoplasia of the penis and a mild degree of hypospadias had been diaj, 
nosed ante mortem Autopsy revealed female mternal gemtal organs, a 
commumcation between the vagina and the urethra and an absence o 
testicular tissue 

3 A 70 year old Negress with sickle cell anemia presented 
mortem examination an atrophic spleen weighmg 16 Gm and m 
leiomyomas of the stomach 

4 Somewhat similar observations are on record in the 

Ryerson and Terplan ® described in 1 of their cases “a tendon-like 
emng of the lower part of the right aortic valve, appa 

7 King, J T , and Janeway, C A Sickle Cell Anemia with Car 

plications, Intemat Clin 3 41, 1937 Vererbungs- 

8 Bauer, J Vorlesungen ueber allgemane Konstitutions- ^ umeren 

lehre, ed 2, Berlin, Julius Springer, 1923, Konstitutionelle Dispositio 
Krankheiten, ed 3, Berlin, Julius Springer, 1924 

9 Ryerson, C S , and Terplan, K L Sickle Cell Anemia 
Cases with Autopsy, Folia haemat 53 3S3, 1935 
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corresponding to an abnormal fibre of the specific bundle ” Harden 
reported oxycephaly and congenital abnormalities of the retinal blood 
vessels m 2 brothers affected with sickle cell anemia Haden and Evans/^ 
m reporting hereditary ‘ 'flexion deformity of the little finger ' (campto- 
dactylism) in 2 sisters of Sicilian descent with sickle cell anemia, wrote 
“The familial occurrence of the flexion deformity of the finger m this 
family is of great interest, since sea is considered a similar anatomic 
defect in the shape of the erythrocyte ” It is not inconceivable that 
persons with such crooked fingers may also have other crooked struc- 
tures and functions, though I am not inclined to accept the word as 
literally as these authors did It must be noted, however,^ “ that crooked 
httle fingers were first described by Adams in 1890 and that Landouzy, 
who first apphed the term camptodactylism to the deformity,^" considered 
it a constitutional stigma 

It should be emphasized that the observations which have been cited 
are merely suggestive and are not put forward as evidence of an associa- 
tion of sickle cell anemia with other constitutional stigmas 

PATHOGENESIS OF SICKLE CELL ANEMIA 

That sickle cell anemia is hemolytic (produced by an exaggerated 
destruction of red blood corpuscles) is capable of clinical and anatomic 
proof Clinical proof is supplied by the acholuric jaundice which regu- 
larly accompanies it, the indirect van den Bergh reaction in the blood 
serum, the increased output of urobilin in the urine and in the stools, 
and such signs of stimulated erythropoiesis as an increase in the number 
of reticulocytes and nucleated red cells Anatomic proof of the increased 
destruction of red blood cells is supphed by the evidences of increased 
activity of the reticuloendothehal system in the spleen, the liver, the bone 
marrow and the lymph nodes , proliferation of the KupfFer cells, which 
occasionally show marked phagocytosis of the erythrocytes, and large 
deposits of hemosiderin found in various organs 

The mechanism of the destruction of blood associated with sickle cell 
anemia is still unknown, but it seems clear that it differs from that of 
the abnormal hemolysis of hemolytic jaundice In the latter disease the 
probable operative factors are the increased fragility of the spherocytes 
and the increased activity of the spleen In the presence of sickle cell 
anemia, on the contrary, the red cells are even less fragile than normal 

10 Harden A S Sickle Cell Anemia, Am J Dis Child 54 1045 (Nov) 
1937 

11 Haden, R L., and Evans, F D SicUe Cell Anemia in the White Race, 
Arch Int Med 60 133 (July) 1937 

12 Aschner, B , and Engclmann, G Konstitutionspathologic m der Ortho- 
paedic, Berlin, Julius Springer, 1928 
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ones, and in cai>es o( the ad\anced condition the spleen seems almost 
completely exhausted .nid its functional capacity practically lost The 
niiciiiia, nevertheless, may become sev'crc 

As a matter of fact, both Cooley’s anemia and the anemia due to 
ovalocytosis are also hemolytic The osmotic resistance is increased m 
the former condition and is at least not diminished in the latter Further- 
more, it must be remembered that e\en in cases of hemolytic jaundice 
the destruction of the blood in the bod} is not caused by exposure of the 
erythrocytes to hypotonie solutions An increased osmotic fragility 
merely indicates that the red corpuscles possess a faulty structure or an 
abnormal composition It has long been known that the resistance of 
red blood cells varies Mith different agents and under different circum- 
stances The resistance tow ard lysolccithm of the red cells has been 
found increased m some cases of sickle cell anemia, which is in con- 
trast to the diminished resistance observed in cases of constitutional 
hemolytic jaundice (Singer In the presence of sickle cell anemia 
the erythrocytes have been shown to have a somewhat dimimshed 
resistance to mechanical trauma as compared with normal controls 
On the other hand, their demonstration in the circulating blood tiventy- 
one days after they had been transfused into normal persons (Syden- 
stricker) would seem to indicate,^ even though reliable normal control 
studies are not available,^* that they are not liable to premature 
destruction 


Mason ^ assumed that in cases of sickle cell anemia the mode of 
disintegration of the red cells may be active phagocytosis of defective 
erythrocytes by macrophages, with liberation of hemoglobin Such a 
hypothesis is scarcely in accord with his own statement that there is 
evidence of perverted activity of phagocytes in the disease 
On the basis of both clinical observations and histologic 
I am convinced that the extensive hemolysis which accompanies si 
cell anemia is due to a relatively simple process It is caused ^ ^ 
mechanical impaction of masses of deformed red blood cells in the sm 
blood vessels of various organs This impaction, with the 
hemolysis of the resulting conglutinated masses, is responsible o 
further pathologic changes and for the clinical symptoms of si 
anemia 

The massive hemolysis associated with sickle cell 
reasonably be explained on a morphologic basis The most s^ 
feature of the disease is the engorgement of small blood vess 

‘ ^ 199 46^1 1940 
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sickled red corpuscles The liver and, m the initial stages, the spleen are 
most frequently affected The sinusoids of the spleen are for the most 
part compressed and relatively empty, and the pulp is engorged with 
masses of erythrocytes, which are greatly elongated, pointed, curved 
and bizarrely shaped Sometimes the capillaries of the malpighian bodies 
are enlarged and appear as multiple small varices containing pools of 
blood lying within them or at their edges 

Microscopically the appearance of the spleen in the initial stage of 
sickle cell anemia is similar to its appearance m cases of hemolytic 
jaundice except for the characteristic shape of the red cells In the later 
stages there are certain fundamental differences 1 The characteristic 
transformation of the enlarged spleen into a fibrotic, extremely atrophied 
organ does not occur with hemol3^ic jaundice as with sickle cell anemia 
2 Except in the spleen, no engorgement of other organs with red cells 
IS noted in cases of hemolytic jaundice In the presence of hemolytic 
jaundice the lungs, lymph nodes, kidneys and liver are normal except 
for some hyperactivity of the Kupffer cells in certain exceptional cases 

The tremendous engorgement of the reticulum meshes has been 
variously explained Diggs considered it to be due at least partially 
to hemorrhages around the terminal arterioles, though, as Ryerson and 
Terplan ® noted, it is extremely difficult to distinguish areas of actual 
hemorrhage from pools of blood m the distended reticulum meshes 
Rich stated the belief that congemtal malformations of the sinusoids 
account for a free escape of blood into the red pulp (which perhaps 
further supports the concept of ‘‘status degenerativus”), but Ryerson 
and Terplan ° pointed out that the passage of blood from the sinusoids 
mto the reticulum meshes may be a physiologic process rather than the 
result of a congemtal defect 

Engorgement with disfigured red blood corpuscles similar to that 
observed m the spleen is also encountered in the distended capillaries of 
the liver, lymph nodes, lungs, kidneys and other organs in cases of sickle 
cell anemia In a personally observed case the blood vessels of the 
cortical portions of both kidneys were filled with sickle cells so closely 
packed together as to resemble coagulum, though no fibrin could be 
found in the masses 

15 (a) Diggs, L W Siderofibrosis of the Spleen in Sickle Cell Anemia, 

J A Af A 104 538 (Feb 16) 1935 (b) Jaffe, R. H The Reticulo-Endothelial 

System, in Downey, H Handbook of HematoIog>, New York, Paul B Hoeber, 
Inc , 1938, vol 2, p 973 (c) Ryerson and Terplan ® 

16 Meuicngracht, E Chrome Hereditary Hemolj^ic Jaundice, in Downey, H 
Handbook of Hematology, New York, Paul B Hoeber Inc, 1938, \ol 3, p 2281 

17 Rich, A R The Splenic Lesion in Sickle Cell Anemia, Bull Johns Hopkins 
Hosp 43 398, 1928 
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/^lother ratlier constant observation in cases of sickle cell anemia is 

celt of h'°‘| f'" 'T'’'’""' rehculomdolhelial 

cells of the lyinpli nock', 


lliere can be little doubt that the abnormal configuration of the 
ei) throe) tes must be tlie cause of the engorgement which they produce 
in the small arterioles and capillaries The elongated, distorted red 
ipusces cannot pass tlirough the narrow vessels as readily as normal 
s, an more or Icbs inarkLcl stasis follows the attempted passage of 
great numbers of characteristically deformed cells The engorgement is 
particularly frequent in those organs m which the rate of blood flow is 
unusually slow and the oxygen tension, as a result, is unusually low It 
IS or these reasons that the particular, though by no means the exclusive, 
sites of stagnation are the spleen, the Iner and the l)Tnph nodes This 
concept, which has been supjiorted by Diggs and Yater and Hans- 
mann, is in nn opinion the only satisfactory explanation of the micro- 
scopic observations associated with sickle cell anemia 

The essential pathologic process in sickle cell anemia, then, is the 
stagnation and conglutination of disfigured red corpuscles which has just 
been described The serious consequences which follow can readily be 
deduced from one’s knowledge of general pathology, that is, one’s knowl- 
edge of the typical biologic reaction of the organism to long-standing 
circulatory stagnation They include (1) thrombosis, (2) ischemia, 
necrosis and fibrosis, and (3) resolution of the red blood cells with 
subsequent anemia 


1 Throi}ibosis — Slowing of the blood stream predisposes to throm- 
bosis, followed by endarteritis and infarction, which is a frequent obser 
vation in cases of sickle cell anemia The arterioles of the spleen, the 
lungs and the brain are particularly likely to be affected A somewhat 
different explanation, however, must be advanced for the obliterating 
endarteritis of the medium and large cerebral vessels described ) 
Bndgers in the case of a child affected with sickle cell anemia, as w ^ 
as for the arteriolosclerosis observed by Yater and Hansmann m 
pulmonary arteries At present it is impossible to determine 
previous thromboses and the frequent biologic infenority of the vase a 
system in the Negro race are to be considered as causative factors 

2 Ischemia^ Necrosis and Fibrosis — ^Whether or not the 
stagnation caused by the deformed sickle cells results in actua 
bosis, the conglutination of the packed cells necessarily produces 
effects in the affected tissues Ischemia, necrosis, endarteritis, 

A A New 
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hyalinization and deposition of blood pigment and calcium are charac- 
teristic of the transformation of the initially enlarged spleen into the 
atrophic, sclerotic organ obser\ed later (Diggs Analogous changes 
may take place m other organs In a case personally observed and pre- 
viously referred to, the small blood vessels of the renal cortex were 
engorged with sickle cells, and massive bilateral cortical necrosis was a 
striking and unusual postmortem observation The clinical implications 
of this case are also worthy of mention The patient, a 10 year old 
Negress, was operated on for a thyroglossal c}st without recognition of 
her sickle cell disease After operation she showed signs of renal disease, 
and an antemortem diagnosis of acute nephritis was made Just before 
death the nonprotein nitrogen content of the blood was 120 mg per 
hundred cubic centimeters Actually the child died from an atypical 
sequela of her sickle cell trait It was not the anemia but the sickling 
of the red corpuscles which was responsible for the fatal outcome 

3 Resolution oj Red Co) puscles and Anemia — Stagnation and con- 
glutination of red corpuscles, such as are seen in cases of sickle cell 
anemia, must eventually lead to disintegration of the corpuscles, again 
Without regard to whether or not thrombosis develops There would 
seem to be no other pathologic state in which an engorgement of the 
small blood vessels of various organs, with subsequent stasis and impac- 
tion. of erythrocytes, occurs to such a degree and for such long periods 
as in sickle cell anemia The disintegration of the conglutinated red cells 
sets free hemoglobin, which is transformed into the blood pigment found 
in various organs and into the bilirubin found in increased amounts in 
the blood serum The dead corpuscles and shadows finally disappear as 
the result of the phagocytic action of the reticuloendothelial cells, which 
are seen in full activity and proliferation in the spleen liver, bone marrow 
and lymph nodes The microscopic picture of the small, firm, fibrotic 
spleen associated with sickle cell anemia has been described by Diggs 

The pulp, instead of being a mass of erythrocytes as in the early stages, is 
now a mass of reticulum between which the packed sickled cells he in capillary- 
hke spaces In some spleens the sinusoids are greatly dilated and tortuous and 
their endothelial cells are hypertrophied Pigment granules arc conspicuous in the 
organizing lobules and there is phagocytosis of erythrocytes by macrophages 
Giant cells and branching filaments are occasionally seen 

I have myself seen this microscopic picture and have also obser^^ed 
the proliferation of Kupffer cells in the liver and of the reticuloendothelial 
cells in the lymph glands ^^stuffed with disfigured cr^ throc 3 tes,*' as 
described by JafTe 

If the concept of the pathogenesib of the anemia ot sicklemia which I 
Imc just set forth is accepted, it is clear that anemia is merely one of the 
disastrous consequences of the sickle cell trait and as a nile, not itb most 
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dangerous consequence Tlie hemolytic anenna is merely the most 

obvious and most readil} recognuable clinical sign of the ailment, which 

would more reasonably be termed sickle cell disease than sickle cell 
anemia 


/ nemia, furthermore, is not one of the very early consequences of the 
isease It develops onl}' when the regenerative power of the bone 
rnarrow no longer has the ability to compensate for the increased number 
o re blood cells destro} ed As long as compensation exists, no anemia 
^n e ^demonstrated, which is also the case with hemolytic jaundice and 
ooley s disease Microscopic signs of precipitated regeneration are 
ound in both the circulating blood and the bone marrow in cases of 
sickle cell anemia Direct involvement of the bone marrow by the funda- 
mental process of sickle cell disease (that is, circulatory stagnation and 
its consequences) brings about a progressive impairment of the regenera- 
tive power of the bone marrow and enhances the development of anemia 


CLINICAL SIGNS AND SYMPTOMS 


The clinical s} mptoms and signs of sickle cell disease are not difficult 
to explain in the light of the concept that the disease is due to conglutina- 
tion of the deformed erythrocytes and to the consequences of this process 
Certain of these clinical manifestations, while they are by no means 
specific, are of great value in arousing the suspicion that sickle cell disease 
may be present 

1 Slowly healing, nonvaricose superficial ulcers of the leg, which 
may be present even in childhcxod, are climcally important, even though 
neither the clinical appearance nor the microscopic structure shows 
specific features The slow circulation in the lower limbs facilitates their 
development, but it is no more known whether or not thrombosis plays a 


role m their production (Diggs) than it is known whether temporal 
arteriolar and capillary engorgement with sickled cells is responsi 
Similar ulcers have been observed in persons with constitutional hem 
lytic jaundice 

2 Changes in the bones are less frequent than are ulcers 
leg, though the same rarefication of the canceUous bones and the 
“moth-eaten” and “hair on end” appearance of the skull are 
with sickle cell disease as with Cooley’s erythroblastic anemia an , 
milder degree, with hemolytic jaundice,'^ and it is quite possi 

20 Taylor, E S Chronic Ulcer of the Leg Assoaated with Orr, 

lytic Jaundice, J A M A 112 1574 (April 22) 1939 ’ Leger, L - j 
T G Chronic Leg Ulcerations m Congenital Hemolytic Jaun ice, 

33 463, 1940 i,bro dc 

21 (a) Gaensslen, M Skelettveranderungen bei 2, P 

Oro dedicado al Dr Mariano R Castex, Buenos Aires, 

(b) Meulengracht 
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they may contribute, at least partially, to the ‘^rheumatic” pains of which 
these patients complain Such migrating pains in the bones, joints and 
muscles are far more frequent than are demonstrable osseous changes, 
and it seems entirely justifiable to classif> them among the specific mani- 
festations of the disease This type of “rheumatoid pain’* in cases of 
sickle cell disease would be somewhat related causatively to the hyperten- 
sive type of so-called “rheumatism” described many years ago 

3 Rheumatoid and abdominal pains, which occasionally become 
excruciatmg (so-called abdominal crises) are characteristic Thrombotic 
processes are believed to account for these manifestations Vascular 
engorgement, however, with subsequent stagnation of the blood stream, 
may have a similar effect 

4 Cardiac symptoms and signs in patients with sickle cell anemia 
frequently simulate the effect of a mitral valvular lesion of rheumatic 
origin Differential diagnosis is difficult if not impossible, as I have 
observed in several cases The diagnosis is particularly difficult with 
patients who run a low grade fever and who complain of rheumatic 
pains ” Sickhng, hemolytic anemia and a sedimentation rate within 
normal limits do not necessarily rule out a concomitant active or old 
rheumatic lesion of the heart, but in the majority of such cases a diag- 
nosis of rheumatic valvular disease will probably be wrong Yater and 
Hansmann satisfactorily explained the cardiac signs associated with 
sickle cell disease by describing a noninflammatory thromboangiitis 
obliterans,” capillary stasis and thrombosis in the lungs in 2 cases in 
which the diagnosis of mitral stenosis, made ante mortem, proved 
incorrect at autopsy 

5 The liver may be affected Ryerson and Terplan,® for instance, 
have described a case of sickle cell disease in which subacute yellow 
atrophy of the liver was diagnosed clinically and demonstrated at autopsy 
Such a “complication,” to my mind, is not merely accidental In micro- 
scopic preparations in cases of sickle cell disease I have observed not 
Only distention of the hepatic sinusoids by packed sickle cells but definite 
signs of damage to the hver cells themselves They may be somewhat 
compressed and in some areas may show vacuohzation, fatty change and 
necrosis Some cells may lose contact with the liver cell cords and he 
separated and surrounded by proliferated Kupffer cells and p>erivascular 
accumulations of lymphocytes and mononuclear cells Some degree of 
periportal fibrosis is frequently seen It is not inconceivable that such 
an exceptionally extensive alteration of the liver cells may provide the 

22 Bauer, J Hochdruckrheuniatisrriiis Verhandl d 33 Kong d deutsch 
Gcsellsch f inn. Med, 1922, p 436, Der sogenanntc Rhcuinatismus Dresden 
Theodor Slcinkopff, 1929 

23 King and Janeway ^ Haden and E\’ans 
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substratum foi what is usually termed hepatitis (catarrhal jaundice) and 
might better be called hepatosis and that such a condition might eventu- 
ally lead to acute or subacute hepatic atrophy 

This type of hepatosis, usually of rather mild degree and course, 
piobably occurs m association uith sickle cell disease more frequently 
than IS usually reah/ied Dale-* reported a case of this assoaation 
A 14 year old Negress first gave a positive indirect van den Bergh reac- 
tion and later a biphasic reaction in the serum , the stool did not contain 
bile or the urine urobilin A few days later both reactions became 
positive The same author mentioned the occasional occurrence of a 
positive direct van den Bergh reaction m the serum of patients with 
sickle cell anemia, although as a rule this reaction is positive only in the 
indirect phase 

Another illustrative case,-^ still under observation at Charity Hos- 
pital of Louisiana at New Orleans, may be cited 

A Negress, first seen at the age of 19 years m April 1937, at tliat 
time was in a severe active phase of sickle cell disease The red cell 
count was 752,000 and the uhite cell count 12,300 per cubic milhmeter 
An ulcer had been present on the right ankle for four months and h e 
only when the patient reached the latent phase, in September 1937 
that time there were 4,420,000 erythrocytes per cubic millimeter an 
90 per cent hemoglobin (Sahli) During 1939 and 1940 
mations showed the red cell count to be more or less constantly , > 

per cubic millimeter and the hemoglobin 50 per cent The 
during this period was 20, the value for serum bilirubin 4 
hundred cubic centimeters, and the van den Bergh reaction 


positive 


The patient has had two definite attacks of hepatosis 


(catarrhal 


j. lie pdLiciiL licit) iiciu L\vu uciuiic'- ccccccv^— j + mDorary 

jaundice), diagnosed by a marked increase m jaun ice, gej-gh 
enlargement of the liver, a temporary positive direct van 
reaction in the blood serum and a positive hippuric aci reac 
tive of functional disturbance of the liver cells 

6 Other climcal manifestations are less frequent 
festations, usually diagnosed as thrombosis or intracrania^ fundamenl^* 
have frequently been reported within recent years Q^gested capd- 
anatomic lesion seems to be the engorgement of grea y c Q^literans, 
lanes with sickled erythrocytes Some type of throm ^jg^rosis, could 
with multiple areas of perivascular hemorrhages an o 
reasonably be considered a consequence of sinus ha'C 

Large subarachnoid hemorrhages and thrombosis o 
, A X, Surff 49 14, l^^" 

24 Dale, G C Sickle CeU Anemia, South * 

25 This case will be reported m detail by Dr nyinff Sickle Cell A" 

26 Arena,! M Cerebral Vascular Lesions Accompanying 

J PediaL 14 745, 1939 Yater and Hansmann.1*^ unog 
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also been observed Massive necrosis of the renal cortex has previously 
been mentioned as the result of impaction of sickled cells in the small 
vessels of the kidneys 


RELATION or SICKLING AND SICKLE CELL DISEASE 

Whether sicklemia invariably precedes the development of sickle cell 
anemia is still a matter of debate j\Iason ^ stated that proof of the thesis 
IS lacking and also expressed doubt whether sicklemia persists through 
the life of the affected person For my own part, on the basis of clinical 
and biologic evidence, I believe that sicklemia is a necessary predisposing 
factor in the de\ elopment of sickle cell anemia 

This point of view is m complete accordance with the established 
facts concerning other constitutional abnormalities of the red blood 
corpuscles The spherocytosiS and microcytosis charactenstic of con- 
stitutional hemol}1;ic jaundice, for instance, may be present without 
jaundice and without anemia in so-called compensated cases in 
families of persons suffering from this disease (Gaensslen,^^ Bauer® 
and others) An analogous “compensated” state has been described in 
connection with Cooley's disease without anemia (Wintrobe and 
others “®), and m 1 case overcompensation seemed to exist The patient 
had 6,440,000 red corpuscles per cubic millimeter of blood, and there 
were microcytosis, hypochromia, marked stipphng of the red cells, 
target cells,” increased resistance of the erythrocytes to hypotonic saline 
solutions and splenomegaly Similar observations have been made in 
cases of ovalocytosis, which usually represents a harmless abnormal con- 
stitutional variation in the shape of the red cells but which may lead to 
anemia in some persons 

When and under what circumstances the sickle cell trait is converted 
into sickle cell disease is still not entirely clear The sickle cell trait is 
^und in about 7 5 per cent of North American Negroes, but these 
“Negroes are chiefly of mixed blood, and no information is available as to 
the frequency with which it is found m pure bred Negroes in Africa 
Only a certain proportion of persons who exhibit the trait, however, 
actually suffer from sickle cell anemia Sydenstricker set the proportion 
Rt 1 5 per cent ^ Dale and Johnson and Townsend reported a per- 


27 Gacnsslen, M Ucber haemolytischen Icterus, Deutsches Arch f klin MetL 
140 210, 1922 

28 Wintrobe, M Matthews, E , Pollack, R , and Dobyus, B M A 

amihal Hemopoietic Disorder in Italian Adolescents and Adults JAMA 

414 1530 (April 20) 1940 

^lason, V R Ovalocytosis, in Do\\ne>, H Handbook of Hematology, 
<-V\ York, Paul B Hoebcr Inc, 1938 \ol 3 p 2349 Gacnsslen 
0 Johnson P B , and Townsend, E W Sickle Cell Anemia South Med 
^ burg 49 377, 1937 
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ceiitagc as high as 10 Huck,« by systematic blood tests, showed that in 
Negroes with sicklemia but without clinical signs or symptoms of sickle 
cell anemia, sickling was observed in 25 per cent of the red cells In 
persons with mild signs of the disease the proportion rose to 75 per cent 
The discrepancy m the estimates is apparently due to the highly 
variable course of the disease Some persons die from it m early child- 
hood , some live for decades m spite of recurrent acute attacks, and some 
never present any clinical evidence of the disease, which is demonstrated 
only by the characteristic observations at necropsy Diggs,^°“ in this 
same connection, emphasised, I think correctly^, that either a large and 
congested or a small and atrophic spleen may be found in children as 
well as in adults, which indicates that the active disease may occur m 

varying age periods or that the rate of progression of the lesion is highly 
variable ” 


The first clinical manifestations of the disease may be preceded by 
some acute infectious disease or may be precipitated, as has iready been 
pointed out, by some surgical procedure Under these arcumstances 
thrombosis is facilitated, and any factors which cause slowing of the 
circulation may also play a part in converting sicklemia into sickle cell 
disease, provided a sufficient number of erythrocytes are affected with 
the pathologic trait 

From what has been said certain statements seem to be justified 
1 The sickle cell trait shows individual differences m intensity, th^^ 
is, in the number of affected cells 


2 The mechanism which converts sicklemia into sickle cell disease 
may be set into action if a sufficiently large number of cells are affected 
and if conditions particularly favorable for sickhng are present 


3 Such conditions include local or general anoxemia, infectious dis- 
eases, surgical procedures and other circumstances and factors which are 
known to slow the circulation of the blood 

4 In view of these differences, it is easy to understand why sickle ce 
disease varies so widely as to age of onset, chnical picture and course 

Sicklemia, as has been pointed out, must be distinguished trom 
sickle cell disease In the same manner, active and latent si ^ 
disease with and without anemia must be distmguished from ° 

The latent phase of the disease may be described as a condition o 
jective health which represents a period of apparent recovery o ow^^o 
a period of ill health due to the disease At this time the only demon 
ble signs are sickling of the red cells, anemia, which is usual y nu 
bihrubmemia A picture of this kind mdicates that the jt 

merely predisposed to sickle cell disease but is actually ^ ' j. a 

It must be remembered, in the same connection, that J 3 ft 

reversible phenomenon That is why the observations at au 
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not constant It is possible to find only the residua of the circulatory 
stagnation formerly present in the various organs Not always does one 
find the engorgement with packed sickled cells where endarteritis, 
fibrosis and proliferation of reticuloendothelial cells indicate the presence 
of sickle cell disease To put it another way, although autopsy often 
reveals merely a special stage of the disease, it practically always permits 
also conclusions as to its past course 

REPORT OF SPECIAL CASES 

It occasionally happens that a cellular reaction produced by a patho- 
logic process far surpasses the original aim of this reaction,^^ as the 
following case illustrates 

Case 1 T , a 33 year old Negro, had complained for three years of numb- 
ness m the legs, pains in the lower extremities and elsewhere, dyspepsia with 
occasional vomitmg, abdominal pain, headache, vertigo, dyspnea on slight exertion, 
weakness and fatigue. He had had several epileptiform seizures and occasionally 
had low grade elevations of temperature His chief complaint when he was first 
seen was of obshnate ulcers of the leg 

Physical exammation revealed him to be anemic and subicteric, with a markedly 
enlarged heart and a blowmg systolic murmur over the apex Roentgen exami- 
nation revealed considerable enlargement of the transverse cardiac diameter and 
unusual porosity of the skull, particularly m the frontal region The electro- 
cardiogram revealed no abnormalities The blood pressure was 130 systolic and 
80 diastolic 

Serologic tests for syphilis gave negative results, and examination of the cerebro- 
spinal fluid revealed no abnormalities The red cell count was 2,735,000 and the 
white cell count 13,000 per cubic millimeter of blood The value for heraoglobm 
was 50 per cent (8 Gm ) Polychromatophilia, anisocytosis and poikilocytosis were 
observed, and 80 to 90 per cent of the red cells showed defimte sickling at the 
end of twelve hours in a wet preparation at 37 C Numerous nucleated erythro- 
cytes were present On subsequent examinations the red cell count reached a 
minimum of 1,900,000 per cubic millimeter The indirect van den Bergh reaction 
was positive, and the value for serum bilirubin 5 5 mg per hundred cubic centi- 
meters 

The patient was given a transfusion when examination of the blood showed 
2,300,000 red cells per cubic milhmeter, 7 7 Gm of hemoglobin and a hematocrit 
value of 17 5 per cent The temperature was 102 F and the blood pressure 122 
systolic and 90 diastolic. When the patient had been given 200 cc. of cross- 
matched compatible blood by the direct method he complained of abdominal pain 
and dyspnea The transfusion was stopped at once but death occurred unexpectedly 
five hours later 

Postmortem Examxmtion spleen, which weighed 15 Gm., was highly 

atrophic, whitish and composed of fibrous trabeculae, with no remaining pulp 
The h\cr, which weighed 3,200 Gm uas slate brown and markedly enlarged 
On section the normal architecture \\as obliterated The gallbladder \\^ enlarged 

31 Bauer, J Adaptation and Compensation as Origin of Disorders Ann. Int 
Med 1 875, 1928 




The lower photomicrograph, of a lymph node, shows 
of reticulum cells in a case of sickle cell disease of 

upper photomicrograph, of a section of the liver, s ows degeiier^^*'^ 

sinusoids with sickle cells, marked proliferation of Kup er cell 

and necrotic changes in some of the liver cells m a case 


with reticuloendotheliosis 
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aiid contained a number of stones, the wall was thickened The heart, which 
weighed 370 Gm , was moderately enlarged The right ventricular muscle ^^as 
nearly 0 5 cm and the left 1 cm in tlnckncss The lungs were greatly congeste , 
and large amounts of red, frotliy fluid exuded from the cut surfaces 

The most striking observation was the tremendous enlargement of th^e medi- 
astinal, tracheobronchial and abdominal lymph nodes, especially along t e aorta 
and the gastrohepatic region The largest measured 4 cm in diameter e co or 
\aried from antliracotic in the tracheobronchial region to grayish brown an w tis 
No caseation was observed, and no signs of tuberculous infection were seen any 
where in the body 

Microscopic preparations of the lymph nodes showed a marked mcrease in 
reticular tissue, which was responsible for their enlargement Numerous ^ 
which were well defined and composed of proliferating reticular ce s, orme 
chief components of the lymphatic glands They were of varying sizes an con 
sisted of large, light cells rich in acidophilic protoplasm and inter acing wi ea 
other by fine protoplasmic processes and filaments The small blood vesse s 
engorged with sickled cells, and blood pigment was deposited aro^ soine o 
vessels Sickled cells were also found m the meshes of the reticulum, and phag - 
cytosis could be seen m various areas In some lymph glands hya iniza on an 
sclerosis replaced the reticulum nodules 

The small vessels of the liver were engorged with sickled cells ere \ 
marked proliferation of Kupffer's cells, and phagocytosis and signs o ^ , 

of the liver cells were observed m some areas Some liver cells were ^ r 
from the liver cell cords and showed vacuolation and atrophy Large amou 
blood pigment were present .. 

The other organs showed the characteristic microscopic picture o sic 
anemia. 


Comment ~Tht first impression after postmortem examination m 
this case was that the condition was atypical tuberculosis It was so 
what supported by the observation of occasional giant cells among 
proliferating reticuloendothelial cells but was disproved by ^ ^ 

of tubercles and the negative results of guinea pig inoculation 
obvious diagnosis, therefore, was reticuloendothebosis of a prev e 
reticular type I agree with Jaffe tliat this condition is not c ara - 
tensbc of any particular infection but merely indicates abnorma 
bility of the reticuloendothelial system, either acquired or 
^hyperplasia of the involved cells may be either nodular or use 

The picture m this case was merely the characteristic one , 

anemia exaggerated to an extreme degree Jaffe mentione 
Kupffer cells in the liver and the reticuloendothelial cells o t e 
and abdominal lymph nodes are engorged with disfigure 
cases of sickle cell anemia, and my own observations 
statement A more or less generalized enlargement ^ ^ ^ nc.end 
has also been observed by Mason, ^ Dale and Johnson an o ooera- 
Enlarged mesenteric lymph nodes may frequently be o serve 
tion or at autopsy, and it therefore seems justifiable to co 
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traif of t}pical polycythaemia vera combined with the sickle cell 
trait may also be cited 


of flip tin** ^ showed a characteristic dusky red appearance 

1 In r' T’ooen'r ^’'ehtly enlarged Exannnafaon of 

llic \tIii.V°'T cells and 6,500 white cells per cubic miUuneter 

uas 7 ‘^ Gin), and the hematocrit value 

Ihe blood volume uas nurktdlj increased, and SO per cent of the 
cd corpuscles were lound to be sickling in the scaled preparatioa 


oiiiniLiit It should be emphasized that this particular case repre- 
bcnts true erythremia, as contrasted with the slight erythrocytosis 
o served by Wmtrobe and his associates in certain cases of ‘*coni- 
pensated Coolcy^s disease 

It IS interesting^ to observe that the constitutional sickle cell trait 
can be associated with polycythemia I hesitate, however, to postulate 
that polycythemia might be induced by an exaggerated regenerative reac- 
tion of the bone marrow due to sickle cell disease, particularly since no 
indication of previous excessive destruction of red cells was found This 
case also shows that sicklemia need not produce deleterious consequences 
oven in the presence of polycythemia, which might be expected to increase 
the predisposition to thrombosis 


THERAPEUTIC CONSIDERATIONS 

The concept of the pathologic physiology of sickle cell disease 
advanced in this paper clearly requires institution of certain preventive 
measures and maintenance of a certain therapeutic point of view 
these precautions are disregarded, the consequences of the sickle cell trait 
may be of important and even fatal significance 

It IS clear that splenectomy is of no practical value in the manageinei 
of the disease This opinion is commonly accepted by all authoritie 
today As Diggs expressed it, if the patients are left alone, 
in effect splenectomize themselves without the benefit of surgery 
therapy rather than liver extracts would seem to be indicated or c 
bating the anemia, and blood transfusions are commonly used 
The anemia, however, is not the most important consideration^ 
circulatory stasis due to engorgement of the small blood vesse 
disfigured red cells is the primary cause not only of the anemia 
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the chnical s}mptoms of the disease Furthermore, it is its most serious 
manifestation It is the factor responsible for the surgical risk and for 
what may be termed the biologic risk with such persons 

It seems logical, therefore, that all available measures to counteract 
circulatory stasis should be applied Sufficient muscular exercise, mas- 
sage and avoidance of unnecessarily prolonged rest m bed in acadental 
illnesses are of prophylactic value Cool baths or douches may be useful 
in dilating the blood vessels of the internal organs by constriction of the 
peripheral vessels, and hot enemas may bring about dilatation of the 
abdominal blood vessels Saline and dextrose infusions and blood trans- 
fusions may help to prevent circulatory stagnation Fluids should be 
forced Thyroid medication, which is a valuable method of increasing 
the circulatory velocity, should be part of the preparation for operation 
under certain circumstances Oxygen inhalations may be beneficial in 
counteracting local anoxemia and therefore in inhibiting sickling of the 
red cells Such measures are all theoretically sound, but their practical 
value can be determined only by extensive experience with them 

One prophylactic measure, however, can and should be applied 
routinely All Negro patients in both medical and surgical services 
should be tested routinely for sicklemia By this method sickle cell dis- 
ease could be differentiated from such pathologic conditions (with which 
It is frequently confused) as rheumatic fever, rheumatic heart disease, 
polyarthritis, osteomyehtis, typhoid fever and other infectious diseases, 
cerebral disease, peptic ulcer, appendicitis and cholecystitis It is par- 
ticularly important that patients in surgical services should be so tested 
and that a positive result be regarded as calling for a revision of the 
indications for the proposed operation Surgical treatment should not be 
given until the measures outlined have been instituted and carried out 

My own feeling is that routine testing of the blood of Negro patients 
for sickling would save some lives which are now being lost because this 
simple precaution is omitted In that respect it is perhaps more \aluablc 
than man} other laboratory tests which are far more complicated and time 
consuming and which are being used indiscnminatcl} and without special 
indications 

SUMMARY 

The sickle cell trait (sicklemia) is an inborn and con^ititutional abnor- 
niality^of the er^^throcytes which is encountered almost cxclusivcl} m 
the Negro race 

Onl\ a few of the persons altected with this trait ha\c sickle cell 
'UKiiin Persons suffering from sickle cell anemia are often placed in 
jeopardy if the) ha\e various intercurrent diseases Surgical procedures 
rIso introduce a serious element of risk 
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nprm * Operation are sometimes demonstrated at 

psy to have been caused by sickle cell anemia, which frequently was 

ot diagnosed because it was not suspected and therefore was not 
searched for 


Anemia is only one consequence of the sickle cell trait and, as a rule, 
IS not Its most dangerous consequence Circulatory stasis in the small 
00 vessels of the internal organs is the primary and the most dis- 
astrous consequence of sicklemia Such stasis may be enhanced by sur- 
gical proceduies Sickle cell disease would therefore be a more logical 
term for this condition than sickle cell anemia 

The anemia associated with the disease, as well as other symptoms 
and signs, can be explained as a consequence of circulatory stasis due to 
mechanical obstruction of the blood vessels by the disfigured, elongated 
erythrocytes 

Parenchymal lesions of the liver ma}^ occur in association ivith sickle 
cell disease 


Cases of sickle cell disease presenting unusual clinical and pathologic 
pictures are reported, including a case of massive bilateral cortical 
necrosis of the kidney, a case of reticuloendotheliosis and a case of poly- 
cythaemia vera in winch the sickle cell trait was apparent 

The concept of sickle cell disease presented leads logically to special 
prophylactic and therapeutic considerations 



RESPONSE OF PLASMA PROTHROMBIN TO 
VITAMIN K SUBSTITUTE THERAPY IN 
CASES OF HEPATIC DISEASE 
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CHICAGO 

Considerable experimental and climcal data now at hand imphcate 
the liver as the site of prothrombin formation ^ Prothrombm deficiency 
has been reported as occurring in human subjects suflFering from damage 
to the liver even though no bihary obstruction or fistula was present “ 
Wilson ^ reported that in disease of the hver the degree of h3^o- 
prothrombinemia was directly proportional to the amount of hepatic 
damage as indicated by the hippuric acid test 

The data presented here are concerned with prothrombin studies 
made on 12 patients with various types of disease of the liver and a 
lowered level of plasma prothrombin The imtial value for prothrombin, 
the values after three days, one week and two weeks of treatment and the 
diagnosis in each case are presented in the table The prothrombin 
determinations were made by a modified one stage procedure descnbed 
elsewhere^ Each patient received 8 mg of 2-methyl-l, 4-naphthoquinone 
daily by mouth, accompanied with bile salts 

In the cases reported here there was either a complete failure of 
response to the naphthoquinone (cases 1 to 10) or a delayed rise of 

From the Department of Surgery of the University of Chicago 

This work has been aided by a grant from the Douglas Smith Foundation 
for Medical Research of the University of Chicago 
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piothrombui (cases 11 and 12) This is strikingly different from the 
reac ion seen in patients with hypoprothrombinemia due to obstructive 
jaundice, in whom the prothrombin response to similar doses of naphtho- 
quinone and bile salts was very rapid Without exception the value 
reached normal within twenty-four to thirty-six hours after initiation of 


Prothrombin Response to 2-Mcthyl-l, PNaphthoqiimoue tn Cases of 

Disease of the Liver 


Case 

Number Dlu^jnosis 

1 -.VlcoboHc 
cirrhosis 


Prothrombin, Per Cent 


Dally 



3 clu>s 

1 Ueck 

i Weeks 

Dose of 


After 

Alter 

After 

Naphtho 

Initial 

Treat 

Trmt 

Treat 

quinone, 

ment 

luont 

ment 

Mg Comxnent 

16 

43 

43 

43 

8 Icterus 


2 

Alcoholic 

cirrhosis 

23 

25 

20 


8 

Marked Icterus, died on 
7th day, diagnosis con 
finned at autopsy 

3 

Alcoholic 

cirrhosis 

22 

22 

20 


8 

Marked Icterus died 
on 8th day 

4 

Alcoholic 

cirrhosis 

35 

33 

30 

26 

8 

Slight Icterus, died 
on 15th day 

5 

Cardiac 

cirrhosis 

43 

37 

53 

55 

8 

Marked Icterus, died 
on 2Sd day 

Q 

Wllaon^s 

disease 

78 

Oi 

01 

63 

8 

No Icterus 

1 

Patty Infil 
tratlon with 
peritonitis 

46 

43 

43 

40 

8 

Slight Icterus, died 
on 33d day 

8 

Multiple ab 
scesses of 
liver 

57 

66 

51 


8 

Marked Icterus, died 
on 7th day 

9 

Acute yel 
low atrophy 

10 

16 



8 

Marked Icterus, 
rhaglc diatbesle, diea 
on 4th day 

10 

U 

Acute yel- 
low atrophy 
Acute 
hepatitis 

48 

41 

34 

68 

50 

95 


8 

8 

Marked leterus, died 
on 7tli day 

Marked Icterus 

12 

Metastatic 

carcinoma 

67 

62 

100 

100 

8 

No Icterus 


therapy, even though m some instances the obstruction had htcti pi" 

unremittingly for several months ® 

It will be seen that patients with chronic disease of the liver 

the most marked failure to respond to therapy This, we b ^ q ( 

a characteristic of valuable diagnostic importance, m that 

* ^ 

5 Allen, J G, and Julian, O C Clfnical Use of a Syat ^ ^ 
Resembling Vitamin K (2-Methyl-l, 4-Naphthoqumone), Arch S 
(May) 1940 
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prothrombin response to adequate vitamin K therapy in cases of jaundice 
would imply mtrahepatic disease rather than obstruction of the bile ducts 
as the cause of the jaundice 

SUMMARY 

The rate and amount of rise in plasma prothrombin in 12 patients 
with proved disease of the liver given adequate vitamin K (2-methyI-l, 
4-naphthoquinone) therapy are reported The prothrombin response in 
these patients is contrasted with that seen in cases of hypoprothrombin- 
emia due to bile duct obstruction or fistula, previously reported It is 
suggested that the striking difference noted is of diagnostic significance 



TIME REQUIRED FOR BLOOD TO FLOW FROM 
TFIE ARM AND FROM THE FOOT OF 
MAN TO TFIE CAROTID SINUSES 

I EFFECT or TEMPEIEVTUKE, EXERCISE, INCREASED INTRAMUSCULAR 
TENSION, ELEVATION OF LIMBS AND SYMPATHECTOMY 

LUCIAN A SiMITH, MD 
Fellow in Aleclicine, the Mayo Foundation 

EDGAR V ALLEN, AID 
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WINCHELL AIcK CRAIG, AID 

ROCHESTER, MINN 

No attempt has been made to review the literature on arculation 
time completely for this presentation Extensive references may be 
tound elsewhere ^ All methods depend on determination of the time 
elapsing between intravascular injection of a substance and its arnv ^ 
at another part of the body This arrival may be determined objectively 

From the Division of Aledicine (Drs Allen and Smith) and the Section on 
Neurologic Surgery (Dr Craig), the Alayo Clinic 

Abridgment of part of a thesis submitted by Dr Smith to the Fac 
the Graduate School of the University of Mmnesota in partial fulfilmcn 
requirements for the degree of Alaster of Science in Medicme 

1 (a) Smith, L A The Postoperative Arm-to-Carotid Sinus ^ 

Carotid Sinus Circulation Time in Man, with Speaal Reference to ^yjj,esota 
Administration of Extract of Thyroid Gland, Thesis, Umversity o 
Graduate School, 1939 (b) Kvale, W F, and Allen, E V The K 

Circulation in the Arteries and Veins of Man I Studies of orma j 
and of Those with Occlusive Arterial Disease and Hyperthyroidism, 

18 519, 1939 (c) Kvale, W F , Allen, E V. and Adson, A W ^ 

of the Circulation in the Arteries and Veins of Man II ^ jg 

tension, of Orthostatic Hypotension and of the Effects of Sympat ec o ' ^ jjjg 
537, 1939 Cd) Kvale, W F , and Allen, E V The Rate of the Lircu^ 

Arteries and Veins of Man HI The Influence of the Sodium 

Digestion, Posture, and Exercise, ibid 18 546, 1939 , (^) An rro 

Cyanide Method of Determining Speed of Venous Blood Flow, BluHigu^ 

2 (o) Koch, E , cited by Tarr, Oppenheimer, and j vletliod 

H L , and Yens, O C Studies on the Velocity of Blood Flow ^ 

Utilized, J Qin Investigation 4 1, 1927 (o) Thompson, Blood Flo'' 

and Thompson, P K The Effect of Posture upon the Kinsman, J 

in Man, ibid 5 605, 1928 (d) Hamilton, W F , Moore, J and Syst'"”*^ 

and Spurling, R G Simultaneous Determination of the u m 

(Footnote continued on next pope) 
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or subjectively * Loevenliart and his associates ^ noted marked respira- 
tory stimulation in animals and man following intravenous injection of 
a solution o f sodium cyanide and proposed the use of sodium cyanide 

Circulation Times in Man and of a Figure Related to the Cardiac Output, Am J 
Physiol 84 338, 1928 (e) Kinsman, J M , Moore, J W, and Hamilton, W F 

tu les on the Circulation I Injection Method, Physical and Mathematical 
Considerations, ibid 89 322, 1929 (/) Klein, 0, and Heinemann, J Zur 

essung der Stromungsgeschwindigkeit des Blutes beim Menschen, Zentralbl f 
inn Med 50 490, 1929 {g) Wollheim, E, and Lange, K Die Kreislaufzeit 

und ihre Beziehung zu anderen Kreislaufsgrossen, Verhandl d. deutsch Gesellsch 
f mn Med. 43 134, 1931 (/i) Bartels, E C, and Powelson, M H The Rate 

0 the Circulation of the Blood m Vascular Diseases as Determined by the Use 
of Histamine, Proc. Staff Meet, Mayo Chn 4 217, 1929 («) Weiss, S , Robb, 

P , and Blumgart, H L The Velocity of Blood Flow in Health and Disease 
as Measured by the Effect of Histamine' on the Minute Vessels, Am. Heart J 
664, 1929 (;) Robb, G P, and Weiss, S A Method for the Measurement 

0 the Veloaty of the Pulmonary and Peripheral Venous Blood Flow in Man, ibid 
S 650, 1933 {k) Hitzig, W M Measurement of Circulation Time from Ante- 

cubital Vems to Pulmonary Capillaries, Proc Soc Exper Biol & Med 31 935, 
1^34 (/) Hitzig, W M The Use of Ether m Measuring the Circulation Time 

rom the Antecubital Veins to the Pulmonary Capillaries, Am Heart J 10 1080, 
35 (fn) Candel, S Determination of the Normal Circulation Time from the 
^tecubital Vems to the Pulmonary Capillanes by a New Technic, Ann Int Med 
2 236, 1938 (») Blumgart, H L, The Veloaty of Blood Flow m Health and 

isease The Velocity of Blood Flow m Man and Its Relation to Other Measure- 
ments of the Circulation, Medicine 10 1, 1931 Footnote 1 

3 (a) Hirschsohn, J , and Maendl, H Notiz zur Kenntms der Hamodynamik 

beim Pneumothorax, Beitr z Kim d Tuberk. 49 64, 1921 (&) Kahler, H Ueber 

Veranderungen der Blutumlaufszeit (ein Beitrag zum Problem der Blutgeschwin- 
digkeit), Wien Arch f inn. Med 19 1, 1929 (r) Leschke, E Kreislaufzeit und 

Blutgeschwindigkeit, Munchen med. Wchnschr 78 2117, 1931 (d) Bennskaya, A 

^ » and Meerzon, T I Determmation of Velocity of Circulation in Functional 
Diagnosis of Circulation, Klin med, 13 1, 1935, abstracted, J A M A. 104 1680 
(May 4) 1935 {e) Goldberg, S J Use of Calcium Gluconate as Circulation Time 

Test, Am J M Sc. 192 36, 1936 (/) Spier, L C , Wnght, I S , and Saylor, L 

A New Method for Determming the Circulation Time Throughout the Vascular 
System, Am. Heart J 12 511, 1936 {g) Katz, G Zur Methodik der Bestimraung 
der Kreislaufszeit, Munchen med Wchnschr 2 2048, 1932 (/j) Neubauer, E, 

Cited by Tarr, Oppenheimer and Sager (f) Wintemitz, M , Deutsch, J , and 

rulh 2 Eine khnisch brauchbare Bestimmungsmethode der Blutumlaufzeit mittels 
Dechohninjektion, Med Klin 28 831, 1932 (;) Tarr, L , Oppenheimer, B S , and 

ager, IC V The Circulation Time in Various Qmical Conditions Determined by 
t e Use of Sodium Dehydrocholate, Am Heart J 8 766, 1933 (^) Fishberg, A 

I , Hitzig, W H , and King, F H Measurement of the Circulation Time with 
acchann, Proc. Soc Exper Biol &. Med 30 651, 1933 (/) Zwillinger, L. Ueber 

die Magnesiumwirkung auf das Herz, Klin Wchnschr 14 1429, 1935 Koch 
Hitzig 21 

4 Loevenhart, A S , Lorenz, W F , Martin, H G , and Malone, J Y Stimu- 
lation of the Respiration by Sodium C>anid and Its Ginical Application, Arch Int 
Med. 21 109 (Jan) 1918 Loevenhart, A S Schlomo\itz, B H, and Sc>boId 
D G The Determination of the Circulation Time m Animals and Afan J Phar- 
niacol S. E.\per Therap 15 246 1920 
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foi tlie deleiininatioii of ciicuiation time m man Robb and Weiss 

howevei , carried out the fust clinical study Since then there have been 
several reports ° 

The principal site of action of the cyanide radical has been demon- 
strated by Hc} mans and his associates ° to be the carotid bodies Winder 
and his associates ‘ confirmed this effect on the carotid reflex mechanism 
by direct injection into the carotid artery in dogs After denervation of 
both sinuses, with or without double vagotomy, they found that twenty- 
five to se\ ent) -five times the minimal effective dose of cyanide preceding 
deneiwation was required to produce respiratory effects after intravenous 
injection A large amount of cyanide (twenty-two times the dose 
injected directly into the caiotid artery) was required to stimulate respi- 
ration after injection into the vertebral artery Direct injections of 
sodium cymnide into the fourth ventricle produced respiratory response, 
but the drug was definitely less effective than when injected into the 
carotid artery 

METHODS USED IN PRESENT STUDY 

Sodium Cyanide Test — The sodium cyanide method for determination of cir- 
culation time from the arm or the foot to the carotid sinus was used in this study 
All determinations were made only after the subject had remained supine for twenh 
minutes or more and after his pulse rate and blood pressure had become constant 
For determinaUon of the circulation time from the arm to the carotid ^nus 
a 2 per cent solution of sodium cyanide by weight was injected into the m lan 

5 (o) Khssin, M , and Bierman, W Influence of Hyperpyrexia on 
of Blood Flow, Proc Soc Evper Biol & Med 30 527, 1933 (b) KopPi 

Arm-to-Carotid Circulation Time m Prolonged Therapeutic Fever, Am Hear J 
11 667, 1936 (c) Ellis, L B Circulatory Adjustments to Moderate 

Normal Individuals, with Particular Reference to the Interrelation Beh^en 
Veloaty and Volume of the Blood Flow, Am J Physiol 101 494, 1932 
Cohen, M E , and Thomson, K. J Studies on the Circulation m 
The Velocity of Blood Flow and Related Aspects of the Circulation m _ 
Pregnant Women, J Clm Investigation 15 607, 1936 (^) Robb, G > Related 

S The Velocity of Pulmonary and Peripheral Venous Blood Flow an 
Aspects of the Circulation in Cardiovascular Diseases Their Relatwn ° ^ 

Types of Circulatory Failure, Am Heart J 9 742, 1934 (/) o 
Goldman, F Apparent Increased Velocity of Blood Flow in ° 1937 

Heart Disease with Septal Defects Having Right-to-Left Shu^, ibi .jj^glood 

(ff) Youmans, J B , Akeroyd, J H, Jr, and Frank, H Vaso- 

and Circulation with Changes in Posture The Effect of Exercis 
dilatation, J Qin Investigation 14 739, 1935 carotid^'' 

6 Heymans, C , Bouckaert, J T , and Dautrebande, L ohinii 

r6flexes respiratoires III Sensibility des sinus carotidiens aux su de 

ques Action stimulante respiratoire ryflexe du sulfure de so et 

potassium, de la nicotine et de la Iob6hne, Arch internat de p af 

therap 40 54, 1931 oi 

7 Wmder, C V , Winder, H O, and Gesell, R 
Cyanide on Pulmonary Ventilation, Am J Physiol 105 311, 
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antecubital vein (vena mediana cubiti) The amount used wa^ approximately 
Oil mg for each kilogram of body weight The level of the vem was approxi- 
mately the same as that of the nght auricle when injections were made, that is, 
the patient was supine The needle (20 gage) was held m the vein for at least 
thirty seconds, so that normal venous blood flow might be established after release 
of the tourniquet A stop watch was used to measure the time elapsing between 
the start of the rapid injection and the end point reaction The time of injection 
for the arm was about one second, and that for the foot, about two seconds 
Because the first reaction was a rapid dilation of the alae of the nose, followed 
quickly by a sharp inspiratory gasp and tachypnea, dilation of the alae was used 
as the end point Approximately twice the size of the effective arm dose of 
sodium cyanide, or 022 mg per kilogram of body weight, was needed for deter- 
mination of the circulation time from the foot to the carotid sinus If the 
response to injection into the median antecubital vein had been too vigorous, 
1 mg was subtracted from the quantity of sodium cyamde to be injected into 
the vein in the foot , if the reaction had been too weak, 1 mg was added to it 
Allowing an interval of ten minutes to elapse before repeating the dose of sodium 
cyanide was found to be a necessary precaution Venipuncture in the foot was 
most convenient in the large vein anterior to the internal malleolus A 24 gage 
needle was used for venipunctures in the foot, which also were performed with 
the vein at the approximate level of the right auricle Because unforeseen reac- 
tions are possible when sodium cyanide is used, antidotes, including ampules of 
smyl nitrite, 10 per cent solution of sodium thiosulfate and a solution of methyl- 
thionine chloride (methylene blue), were kept at hand, and epinephnne hydro- 
chlonde was kept ready in a syringe.® 

In our tests of arculation time we considered that the interval between injec- 
tion of sodium cyanide and dilation of the alae of the nose represented the 
circulation time from the point of injection to the carotid sinus Objections to 
this assumption were considered by Kvale, Allen and Adson We wish to 
emphasize also that when circulation time is decreased the blood flows faster 
The reverse is also true. 

The greatest advantages of using sodium cyanide are that the response is 
objective and that the volume of solution to be injected is small, a distinct 
advantage for vempunctures in the foot One of the greatest objections is that 
the persons studied often dislike the sensation of air hunger produced by the 
respiratory stimulation In about 600 injections of sodium cyanide, localized 
venous thrombosis occurred 8 times General systemic reactions occurred 8 
times, 5 reactions were moderate, and 3 were severe Intravenous injection of 
the drug is not entirely safe We favor use of the solution of calaum and 
magnesium described elsewhere ® 

Intramuscular Te^isxon—Tht method used for determination of intramuscular 
tension was essentially that described by Henderson, Oughterson, Greenberg and 
Searle.io except for minor modifications In Uus procedure an attempt is made 
to measure the intramuscular pressure exerted by involuntary tone of \olun- 
tanly relaxed muscle This is done by deterrainmg the amount of pressure, 

8 Hanzlik, P J, and Richardson, A P C>anide Antidotes, JAMA 
102 1740 (May 26) 1934 

9 Kvale, Allen and Adson Kvale and Allen ® 

10 Henderson, Y , Oughterson, A W , Greenberg, L \ , and Searle, C P 
Muscle Tonus, Intramuscular Pressure and the Venopressor Mechanism, Am J 
Ph>sioI 114 261, 1936 
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measured by a water manometer, required to force physiologic solution of sodium 
chloride into the belly of the muscle tested To a specially prepared 20 gage 
needle with a solder-filled tip and several lateral holes is attached a glass con 
nector with a narrow lumen These arc filled with physiologic solution of sodium 
chloride, which makes a meniscus in the lumen of the glass connector The 
needle then is inserted into the muscle through a wheal raised by the injection 
of procaine hydrochloride into the skin, and a U tube water manometer is 
attached to the glass connector by rubber tubing The height of the column of 
water required to force the meniscus downward is determined and represents 
what is probably intramuscular tension in terms of millimeters of water After 
each test tlie meniscus returned to its original pressure as a result of decrease 
of the pressure in the water manometer Repeated determinations did not sig- 
nificantly influence the readings We are not concerned in this paper with 
objections that muscular tone cannot be studied in this way 


Table 1 — Circulation Time in Normal Subjects 


Time, Seconds 


10 14 
16-19 
20-24 
26-29 
30-34 
36-39 
40-44 
45-49 
60-54 
56-69 
60-64 
65-70 

Total 

Average 


Number of Tests 


Arm to 
Carotid Sinus 


Toot to 
Carotid Sinus 


7 

29 

34 

13 

3 

0 

0 

0 

0 

0 

0 

0 

SO 

201 


0 

0 

2 

12 

16 

12 

15 

12 

6 

2 

0 

1 

77 

38.7 


The study of normal subjects was made in all mstances on 
had no demonstrable fault m their circulatory systems These were 
among physicians, techmcians and ambulatory patients, some 
studied before operation 


RESULTS OF STUDY OF NORMAL PERSONS 

The average circulation time from the arm to the ^gg of 

86 normal persons was twenty and one-tenth secon s, althougf’ 

twelve and four-tenths to thirty-three and two-tenths When 

only 3 had a circulation time of thirty or more secon s ( great 

the circulation time from the arm to the carotid sinus invan^hly 

for normal subjects, the test was usually repeated, an the 

the results were approximately the same The exp ^ 

average arm to carotid sinus circulation time as de er Sev' 

was greater than the average values found by others is 

11 Gargill, S L. The Use of Sodium DehydfO<:holate g 
the Velocity of Blood Flow, New England J Me „iation Tinie and ^ 
Right and Left Ventricular Failure A Study of TCopp^^ 

Blood Pressure, Lancet 2 IS, 1936 Robb and Weiss 
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eral factors influence circulation time, and, since the conditions of our 
test were not identical with those used by other investigators, it is not 
surprising that the results are not the same Since there are many 
physiologic variations, it is well to consider that there is no normal 
arculation time but only a normal circulation time under a speafic set 
ot conditions In our studies, results were discarded when the end 
reactions were not sharp Determination of the foot to carotid sinus 
circulation time m 77 instances revealed that an average of thirty-eight 
and seven-tenths seconds was required The range of values was from 
twenty-two to sixty-seven seconds (table 1) 

Table 2 — Effect of the Temperature of an Extremity on Circulation Time 




Surface 

Tempera 


Pulse 







ture of 

Clrcu 

Bate, 


Respir 

Blood 


study 


Plngers 

latlon 

Beats 

Oral 

ations 

Pressuire, 


Extremity 

or 

Time, 

per 

Tempera 

per 

Mm of 

Conditions 

No 

Toes, 0 

Seconds 

Minute 

ture, F 

Minute 

Mercury 

of Study 

1 

Right arm 

3L0 

250 

60 

97 4 

14 

84/64 

Control 


Right arm 

30 1 

274 







Right foot 

236 

37 2 







Right arm 

34 6 

2L8 

CO 

97,2 

14 

86/64 

After reflex 


Right foot 

326 

24 0 





vasodilation 
by heat over 
the trunk 

2 

Left arm 

256 

286 

54 

97,8 

14 

34/66 

Control 


Left foot 

236 

37^ 







Left arm 

33 0 

222 

00 

97 7 

14 

80/66 

After reflex 


Left foot 

33^ 

23,2 





vasodilation 
by heat over 
the trunk 

3 

Right arm 

24^ 

368 

54 

97J2 

14 

88/56 

Control 


Right foot 

207 

49 4 







Right arm 

33 2 

25 8 

56 

966 

14 

84/66 

VasodDatlon 


Right foot 

32.6 

25 4 





by 2 ounces 
(60 cc ) of 
ethyl alcohol 

4 

Left arm 

17 8 

29 2 

60 

97 

14 

104/66 

Control 


Left foot 

njs 

60S 







Left arm 

352 

186 

64 

971 

16 

94/62 

Vasodilation 


Left foot 

366 

19 8 





by heat tent 
over legs 


CIRCULATION TIME AFTER CHANGES IN THE TEMPERATURE 

OF THE SKIN 

A cooperative, phlegmatic, normal young man who was accustomed 
to laboratory procedures was the subject of this study, which was ear- 
ned out in a room m which the air was maintained at constant tempera- 
ture and humidity He rested in bed until the temperature of the skin 
of his exposed extremities was constant After control determinations 
of circulation time had been made, vasodilatation was induced reflexly by 
placing over the trunk a baker, the air in which was at a temperature 
of 55 to 60 C This study was repeated, and on other occasions vaso- 
dilatation ^\^s induced by administration of 2 ounces (60 cc ) of eth}I 
alcohol and by direct application of heat to the legs The pulse rate. 
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blood piessure, oral temperature and respiratory rate did not change 
sigmfi^ntly Increase m tlie temperature of the skin was associated 
with decreased circulation time (table 2) Moreover, when the skin 
was warm the respiratory responses were more vigorous than when it 
was cold, although identical amounts of the drug were injected 
These studies appear to indicate that blood in veins flows faster when 
the skin is warm than when it is cold This observation was confirmed 
y the studies of K\ ale and his associates ^ on the circulation time m 
arteries It is probable that the temperature of the skin is one of 
the most important regulators of speed of blood flow in the veins of the 
limbs During \asodilatation the circulation time decreased from the 
arm and from the foot to the carotid sinus, this was effected by an 
increased volume flow of blood resulting from relaxation of artenoles or 
from opening of arteriovenous shunts Veins do not appear to relax 
or dilate in the same degree, for, if they did, it appears probable that 


Table 3 — Effect of E vercisc on Circulation Tune 


Case 


Ann to Carotid Sinua 
Circulation Time, Seconds 

^ 

Before After Increase 

Exercise Exercise or Decrease 


1 236 
16 0 

2 20 8 

3 17 8 


230 

0 

18 S 

+2,8 

238 

+3 0 

196 

+18 


Eoot to Carotid Sinus 
Circulation Time, Seconds 


Before 

After 

Decrea-=e 

Exercise 

Exercise 

49 S 

322 

17 0 

636 

40 6 

ISO 

46 4 

33,2 

132 

428 

334 

94 


the blood would not flow faster in them when the arterioles are dilated 
It seems logical to assume that if reflex dilation of veins were paralle 
in magnitude to that of artenoles, there should be no resultant chang 
of circulation time from an extremity to the carotid sinus 


CIRCULATION TIME AFTER ACTIVE EXERCISE OF AN EXTREMITY 

Three subjects whose ages ranged from 29 to 50 years were 
for the tests Preliminary determinations were made after rest 
for forty-five to sixty-five minutes A standard form of 
performed with the subject m the supine position to eliminate t e 
ence of posture The pulse rate was not influenced sigmfic^ ^^tended 
type of exercise Exercise of the arms consisted 
arm up and back of the head about forty times per ^ extending 
same time rapidly gripping the fingers into a fist and t en 
them This was continued for two minutes The circu a 
the blood from the arm to the carotid sinus was deterimne 
minute after cessation of exercise Exercise of tunes •* 

alternately lifting and dropping the leg to be tested a ou 
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minute and wiggling the foot vigorousl> at the same time The tests 
ot arculation time were performed within two minutes of cessation of 
exercise 

The results obtained are presented in table 3 A decrease of the 
circulation time from the foot to the carotid sinus occurred uniformly 
after exercise of the legs and varied from 24 to 40 per cent The 
decrease m the circulation time from the foot to the carotid sinus as a 
result of exercise seems related to vasodilation, which occurs in muscle 
as a result of exercise The response after exercise of the arms was 
in contrast to this, the circulation time from the arms to the carotid 
sinus remained the same in 1 case and actually increased in 3 We 
have no adequate evidence to explain why the circulation time from 
the arm to the carotid sinus did not change in the same direction as 
that from the foot to the carotid sinus as a result of exercise We can 
only assume that other factors tending to increase circulation time from 
the arm to the carotid sinus were not o\ercome by exercise of the hand 
and arm Cutaneous vasoconstriction induced by elevation and exercise 
of the arm may have been one factor 

CIRCULATION TIME DURING ELEVATION OF AN EXTREMITY 

The circulation time of 4 persons was studied Control values were 
obtained after thirty to sixty minutes of rest in bed The temperatures 
of the room were not controlled, but no drafts were allowed, and the 
lapse of time in each experiment was brief, so that the room temperature 
was relatively constant With the median antecubital vein at the level 
of the right auricle, the circulation time from the arm to the carotid 
sinus was determined The same dose of sodium cyanide was repeated 
eight to ten minutes later, the needle for injection was reinserted into 
the vein, and thirty seconds after removal of the tourniquet the arm, 
with the needle still in place, was elevated to an angle of about 70 
degrees Injection then was done as before Ten minutes after a 
control test of the circulation time from the foot to the carotid sinus, 

^ needle was inserted into the same vein used previously The heel was 
then placed on a support of previously arranged blankets so that the 
leg was propped at an angle of about 30 degrees, and the test was 
repeated The pulse rate did not change as a result of elevating the 
extremity 


12 Anrcp, G V Lance Medical Lectures Studies in Cardiov'ascular Regu- 
lation, Stanford University, Calif, Stanford Uni\ersit\ Press 1936 \oI 3 Kauf- 
niann, Recherches e^vperimentales sur la circulation dans Ic:, muscles en ictnitc 
Physiologique, Arch de ph}siol norm et path 24 279, 1892 Krogh, A The 
^natomj and Phjsiolog> of Capillaries, ed 2 New Ha\en, Conn, Yale Lnucrsitx 
Press, 1929 
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Results ot 5 tests on the arm and on the leg are given m table 4 
In all instances definite deciease of circulation time resulted from ele- 
vation of the aims and legs This apparently was an effect of gravity 

CIRCULxVTION TIME AFTER LUMBAR SYMPATHECTOMY 

Studies of circulation time were made on 9 patients after surgical 
treatment for hypertension Surgical treatment m all ot the cases con- 


Table 4 — Effect of Elevation of Extremities on Circulation Time 
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in all are given in table 5 These demonstrate conclusively that lumbar 
sympathectomy causes a decrease in the circulation time from the foot 
to the carotid sinus, for in every instance in which the circulation time 
was determined from both feet to the carotid sinuses after unilateral 
sympathectomy it had decreased on the side affected by the sympathec- 
tomy (table 5) The effect of sympathectomy on circulation time is 
similar to that of vasodilatation, and the explanation for this seems 
to be the same The temperature of the skin of the feet increased as 
a result of sympathectomy 

Two other observations are of interest After both operations had 
been performed, the circulation time from the foot to the carotid sinus 
was greater on the ongmally sympathectomized side than it had been 
after the first operation and was less in the more recently sympathecto- 


Table 6 — Intramuscular Tension and Circulation Time After Injection of 
Strychnine Intramuscularly 


Intramuscular 
Tension of Biceps 

Muscle, Mm of Water Circulation Time, 





-A ^ 

SecoB 

ids 




When r 




Relation 


Olrculatlon 

Arm to 

Foot to 

Stxychulne 

to Time of 


Time Was 

Carotid 

Carotid 

Amount Injected 

Injection 

Maximum 

Redetermined 

Sinus 

Sinus 

grain 

Before 

33 


21 

63 

(3 mg ) 

After 

122 

105 

25 

62 

^/i5 grain. 

Before 

3S 


20 

48 

(4 3 mg ) 

After 

113 

113 

22 

27 

^/la grain 

Before 

45 


16 

30 

(6 4 mg ) 

After 

100 

60 

17 

32 

^/iB grain 

Before 

10 


24 

61 

(4^ mg ) 

After 

93 

40 

19 

47 

^/lo grain 

Before 

8 


22 

46 

(6 mg ) 

After 

100 

50 

24 

43 


inized side, with 1 exception (case 9) These observations suggest to 
ns that vascular tone in limbs to which the sympathetic fibers have been 
cut is regained gradually 

INTRAMUSCULAR TENSION AND CIRCULATION TIME 

Henderson and his associates demonstrated that intramuscular 
injection of strychnine produces a generalized increase in intramuscular 
tension and concluded that this is one way to affect venous circulation 
It was desirable to know the effect of strychnine on circulation time 
when the intramuscular tension determined by their method was 
increased Accordingly, studies were made on 5 persons After rest in 
bed for thirty to sixty minutes, control determinations of intramuscular 
tension in one biceps muscle and of circulation time were made While 
the needle for determination of intramuscular tension remained in 
pHce, strychnine, varying in amounts from 1/20 to 1/10 grain (3 to 6 
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mg ) was injected nitiamuscularly into the opposite arm The blood 
pressure pulse and .n.ramuseular tens.on werrdeternuned arMe^ 

mu r r parent ,nta- 

e 0 values approximating those obtainable by voluntary con- 
raction of muscle All of the 5 subjects responded to stiychnine thus 
le blood piessure and pulse rate were not changed significantly At 
le leig It o the response of intramuscular tension, or as near it as 
\as tec inically possible, the circulation time was determined again for 
le pat i\\ aj'^s from the arm and from the foot to the carotid sinus 
e resu ts are given m table 6 The circulation time from the arm to 
le carotid sinus was aftected variably, and in only 1 instance was it 
ecreased, but that trom the foot was decreased in 4 of 5 instances 
t lOugh this decrease of circulation time was not great, it was thought 
to be significant because of the greatly increased magnitude of the 
respiratory reaction The reactions were similar in magmtude to those 
which occurred when the test was performed after vasodilatation had 
een induced in other subjects It was felt that the venous circulation 
time from the predominantly muscular lower extremities was probably 
decreased by the increase in intramuscular tension resulting from admin- 
istration of strychnine 


CONCLUSIONS 

1 The mean circulation time from the arm to the carotid sinus of 
normal persons in the present study was twenty and one-tenth seconds 
The range was twelve and four-tenths to thirty-three and tivo-tenths 
seconds The mean circulation time from the foot to the carotid sinus 
was thirty-eight and seven-tenths seconds The range was twenty-tivo 
to sixty-seven seconds 

2 The temperature of the skin of the extremities has a prominent 
effect on circulation time from the foot to the carotid sinus and 
the arm to the carotid sinus Warmth of the skin decreases the cir- 
culation time, and coldness of the skin increases it 

3 Exercise of the legs decreases circulation time in the legs 

4 Elevation of an extremity decreases circulation time in the extren 
ities 

5 Lumbar sympathectomy decreases circulation time m the kg 

6 The increase of intramuscular tension caused by strychnine ten 
to decrease circulation time in the legs 


CIRCULATION TIME FROM FOOT TO CAROTID 
SINUS AND FROM ARM TO CAROTID 
SINUS OF MAN 

11 EFFECTS OF OPERATION AND OF ADMINISTRATION OF THYROID 
GLAND, POSTOPERATIVE PHLEBITIS AND PUI MONARY EMBOLISM 

LUCIAN A SMITH, MD 
Fellow in Medicine, the Mayo Foundation 

AND 

EDGAR V ALLEN, MD 

ROCHESTER, MINN 

A description of the method used and the values for circulation time 
obtained with normal subjects and under various physiologic conditions 
have been presented m another communication ^ The method consists 
of determining the time elapsing between the injection of a 2 per cent 
solution of sodium cyanide into an antecubital vein or into a vein of 
the foot and the appearance of rapid dilatation of the alae of the nose, 
followed by an inspiratory gasp and then by tachypnea Ordinarily Oil 
of sodium cyanide was injected for each kilogram of body weight 
when the circulation time from the arm to the carotid sinus was studied, 
and twice this amount was injected when the circulation time from the 
foot to the carobd sinus was studied However, if the respiratory 
response was excessive when the time from the arm to the carotid sinus 
was determined, 1 mg was deducted from the calculated total dose for 
studying the circulation time from the foot to the carotid sinus 
Similarly, if the respiratory response was minimal when the circulation 
time from the arm to the carotid sinus was determined, 1 mg was added 
to the calculated amount of sodium cyanide to be used for determination 
of the circulation time from the foot to the carotid sinus In all instances 
the calculated time included the tune required for injection, which ^\as 
performed as quickly as possible The time required was about one 
second for injection into a vein of the arm and about two seconds for 
injection into a vein of the foot The solvent was about 0 33 cc in \ oliimc 

From the Division of iledicine, the I^Iayo Clinic, 

1 Smitli, L A , Allen, E V, and Craig, \V McK Time Required for Blood 
to Flow from the Arm and from tlie Foot of Man to the CaroUd Sinuses I 
Effect of Temperature, Exercise, Increased Intramuscular Tension EIe\ation oi 
Limbs and S>mpathcctom>, ArcE Surg this issue pp 1366 1376 
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foi detei mination ot the arm to carotid sinus circulation time and about 
0 67 cc foi determination of the foot to carotid sinus circulation time 
A vein at the cubital fossa and one over the internal malleolus were 
used for the respective tests A 20 gage needle was used for the veins 
of the arm and a 24 gage needle for the veins of the foot Reactions 
to injections have been noted previously^ 

The circulation time of 31 persons was determined on the night 
before operations which were performed in the morning or in the 
morning before operations which were performed in the afternoon, the 
observations were repeated after operation No attempt was made to 
control environmental factors, as it was desirable to study the circulation 
time under circumstances ordinarily present before and after operation 
The 21 men and 10 women who were the basis of this study were from 
31 to 68 years of age (average 48 years), of an average height of 66 
inches (168 cm ) and of an average weight of 147 pounds (66 7 Kg ) 
It does not seem necessary to list individual values here The average 
systolic blood pressure, measured m millimeters of mercury, was . 
and the average diastolic blood pressure was 71 The operations p^ 
formed are listed m table 1 Determination of circulation tune was nia e 
repeatedly m the course of ten postoperative days in 9 instances an m 
the course of thirteen postoperative days in 22 instances Eight 
men (patients) were given desiccated thyroid gland by mout ^ 
operation as part of a plan for preventing venous thrombosis 
embolism The averages for height, weight and age were 69 me es 
cm ), 169 pounds (76 7 Kg ) and 50 years respectively The 
are listed in table 2 Results of studies to determine ^ ^ ^vhich 
administration of thyroid on the circulation time in 
operation was not performed or in which the patients ^ 

without detectable impairment of circulation are given in ta 


EFFECT 


The 


average 


OF OPERATION ON CIRCULATION TIME 

„ A-C time (table 1) determmed 
twenty-one seconds In the period of two to six n 
the A-C time decreased in 6 of the 8 cases studied (ta e ^ ,n 

day following operation the A-C time was less than ^ essential'’ 
2 of the cases studied (4 8 and 8 8 seconds respective there 

unchanged in the other 2 cases (table 1) It operation m 

was a significant increase in A-C time at some time a 




used 


2 For the sake of convenience the following ab ^ vein at 

A-C time = time elapsing between injection of sodium elapsing 

elbow and dilatation of the alae of the nose F-C of the alae of 1 

injection of sodium cyanide into a vein of the foot an i 


nose 
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12 of the 31 cases studied (39 per cent) The mean of the A-C 
circulation times is shown m chart 1 

The average preoperative F-C time (table 1) was thirty-nine seconds 
In 5 of the 9 cases studied during the postoperative period (two to six 
hours), the F-C tune decreased significantly ^ Two days after operation 
the average F-C tune was greater than the average preoperative F-C 
time, and beginning on about the fifth postoperative day the average F-C 
time increased rather markedly (chart 2) Subsequently the average 



Day 5 after operat ion 

Chart 1 —Circulation tune from the arm to the carotid sinus The horizontal 
hne shows the mean preoperative circulation time. The irregular line shows the 
mean circulation time at ^arlOus periods 

F-C time was always greater than before operation A study of the 
F-C time in individual cases, rather than the average F-C time, indicated 
that in 23 of 28 cases (82 per cait) the F-C tune increased significantly 
at some tune after operation (table 1 ) 

3 We consider that an increase or decrease in A C or in F-C time of less 
than four seconds is insignificant 
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Table 2 — Effect on Circulation Time of Admtmstration of Thyroid Extract to Patients on Whom Operation Was Performed 
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Because tlie circulation time was not determined at the same time in 
relation to operation in all of these cases, we selected the results of 
study of circulation time in a second group of subjects for reconsideration 
because there was fair uniformity of relation of the time of the test to 
operation in these cases, because studies were carried out over sufficiently 
long periods and because major operations had been performed In 
addition, we excluded instances of hyperth} roidism, which in itself might 


Table 3 — Effect on Circulation Time of Administration of Thyroid Extract 

to Normal Subjects 
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? carotid sinus time In seconds 

I Foot to carotid sinus time In seconds 

influence circulation time, and cases of sympathectomy, which might 
influence the circulation tune specifically The 10 cases in this group 
presented characteristic examples of rather routine major surgical 
procedures (cases 18, 19, 23, 24, 25, 26, 27, 29, 30 and 31, table 1) 
The influence of operation on circulation time is illustrated strikingly 
in chart 3 The average A-C time remained essentially unchanged in 
this group until the ninth postoperative day, when it increased about 
five seconds from a preoperative average value of nineteen and one-tenth 
seconds The F-C time increased regularly from thirt\ -three and three- 
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tenths seconds before operation to fifty-six and one-tenth seconds on 
the eleventh postoperative day 

These studies indicate to us several interesting changes in the speed 
of blood flow in veins of the extremities after operation ^ The decreased 
circulation time noted shortly after operation apparently results from 
the vasodilating eftect of anesthesia and of fever and possibly from 



mean circulation time at various periods 


ntal 

the 


the 


4 We are aware that the test indicates the We 

of the extremities and in the heart and pulmonary c ^ nieasure of ° 

changes in circulation time noted in these studies, ow f 5 upported b> ^ j 
in rate of circulation in peripheral veins This bd ^ time 

summanzed in chart 3 The A-C time change i * ^^ii-culation n' ^ 
much If these changes were due to changes m ^ siniilarl> 
and lungs, the A-C and F-C times should ave 
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tachycardia The cause of increases in circulation time which occur 
subsequently will be considered later 

GENEIL\L CONSIDERATION OF RELATIONS OF CIRCLLATION TIME TO 
POSTOPERATIVE VENOUS THROMBOSIS AND PULMONARY 

EMBOLISM 

From the beginning of the study it was obvious that the postoperative 
changes m the F-C time, which usuall}^ were marked, would be of much 
greater interest than the changes in the A-C time, which usually were 
not marked (table 1, charts 1, 2 and 3) This observation seems to 
have definite significance when applied to the problem of postoperative 
pulmonary embolism It is very rare for thrombophlebitis or venous 
tlirombosis to occur in the veins of the arms postoperatively Conversely, 



Chart 3 — Circulation time from the arm to the carotid sinus and from the 
foot to the carotid sinus in a selected group of patients (see text) 

thrombophlebitis and thrombosis leading to embolism usually occur in 
veins of the lower extremities or of the pelvis It seems more than a 
coincidence that the apparent average time after operation at which 
thrombosis in these locations occurs corresponds to the period at which 
F-C time IS great when contrasted with the preoperative arculabon time 
That phlebitis and venous thrombosis occur seldom m the veins of the 
3rms seems less strange with the knowledge that the A-C time is usually 
httle changed postoperatively The implication is that slowing of venous 
circulation contributes to thrombophlebitis and venous thrombosis in the 
lower extremities We cannot emphasize that failure of venous arcula- 




1386 


ARCHIVES OF SURGERY 


tion to slow prevents these complications from occurring commonly 
in the upper extremities, for it does slow sometimes (table 1), although 
not as much or as frequently as it does in the legs 

In the analysis of postoperative embolism, the figures of Barker 
and his co-workers show that, while pulmonary emboli occur from 
the first to later than the twenty-fifth postoperative day, the highest 
incidence is from the sixth to the twelfth postoperative day In the 
study of Barker and his co-workers “ the highest incidence for post- 
operative embolism was noted on the eleventh postoperative day It 
seems that the crux of the situation lies in the question as to when the 
thrombosis or extension of clot formation which leads to embolism has 
occurred It seems true that if a thrombus remains in the femoral 
vein for as long as twenty-foui hours there may be signs of beginning 
organization, which might be observed microscopically ’’ It has also 
been observed that in necropsies of patients with fatal pulmonary emboli 
it IS often difficult to find the site of thrombosis This would not be 
true if there had been organization of the clot Moreover, examination 
of the embolus for signs of organization is almost invariably fruitless 
These facts would seem to indicate that the thrombus or the propagated 
portion of thrombus which broke loose to become an embolus was act- 
ually formed only a short time before pulmonary embolism occurre , 
probably within twenty-four hours before the embolism occurred Hence 
it was formed at a time when the circulation time from the toot to t le 
carotid sinus is usually increased , 

We consider that there are three possible causes for phlebitis an^^ 
venous thrombosis following operation (1) increased ten ency o^ 
blood to clot, ® (2) injury to the intima of veins which sen'es as a oc^^ 
for phlebitis or venous thrombosis,® and (3) slowed arculation in ve 
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6 Fifty per cent of instances of postoperative pulmonary era o 
from the seventh to the fifteenth postoperative day 

7 Robertson, H Personal commumcation to the authors 

8 Allen, E V Changes m the Blood Following H 
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Relation of the Blood Platelets to Thrombosis After and Pulmo 
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9 Edwards, E A Observations on Phlebitis. ^ London, 

(Oct) 1937 Cohnheim, J Lectures on General Pathology, 

Sydenham Society, 1889, vol 1, p 172 _ . ,, 


denham Society, 1889, vol 1, p 172 , g jjoeber. 

10 (o) Aschoff, L Lectures on Pathology, New York-, O 


10 (o) Aschott, E Eectures on iramuiosj, — " - ' pLi„u,tj, Cii'"*-*- 

chap 11. pp 253-278 (h) Brown, G E. T ^ 

Study, Arch Surg 15 245-253 (Aug ) 1927 (c) ^ Pmbolism Rewh’ ^ 

Reducing the Inadence of Fatal Postoperative Pu moMrj Gynec e ^ ^ 

Use in Four Thousand and Five Hundred Surgical Cases, 

50 154-159 (Jan ) 1930 



SMITH-ALLEN^CIRCUL IT ION TIME 


1387 


If increased tendency of the blood to clot \\ ere the sole cause of phlebitis 
and venous thrombosis, these should occur at any place m the body 
Actually they occur selectively, chiefly in the lower extremities How- 
ever, intimal changes may have been present before operation in the 
veins of the legs, so that the tendency to thrombosis may be greater at 
this site If the sole cause were damage to the intima of veins occurring 
at tlie time of operation, phlebitis and venous thrombosis should not 
occur after such operations as gastroenterostomy, for example, during 
which injury to the veins of the legs and of the pelvis presumably does 
not occur Actually, venous thrombosis and pulmonary embolism occur 
after such operations It may be significant, however, that the inadence 
of postoperative embolism is more than twice as great after hysterectomy 
as after cholecystectomy, which may indicate that damage to veins may 
be important in causing thrombosis leading to embolism in many cases 
(Barker and his co-workers If slowed venous circulation in the 
legs were the sole cause of phlebitis and venous thrombosis, perhaps 
they ought to occur much more frequently than they do, since the circula- 
tion in the veins of the legs slows at some time after operation in about 
82 per cent of instances, whereas the incidence of postoperative venous 
thrombosis and pulmonary embolism follo\ving laparotomy is only about 
2 per cent ® 

We do not wish to imply that slowed venous circulation is the sole 
cause for phlebitis and venous thrombosis, for apparently it is not, but 
we do think that it is an important factor, and it may be of primary 
importance All the factors mentioned previously may be important, 
^d we are less interested in determining their comparative importance 
than m emphasizing that slowed venous circulation in the legs and, less 
remarkably, m the arms does occur after operation and that it seems 
to contribute importantly to the genesis of postoperative phlebitis and 
venous thrombosis If it is justifiable to assume that slowed venous 
circulation is important in the genesis of postoperative venous throm- 
bosis, it IS important in consideration of pulmonary embolism following 
operation, since embolism origmates from a clot in a vein involved by 
inflammation or by simple thrombosis Naturally, individual cases of 
phlebitis, venous thrombosis or pulmonary embolism occurring at a time 
(within the first two days after operation, for example) when there 
seems to be no significant increase m F-C time cannot be accounted for 
by changes in the rate of venous circulation Under such circumstances 

other factors are obviously more important 

It has been amply proved that blood flow through an extremity 
vanes widely Recognition of the great influence of such factors as 


11 Freeman, N E 
in the Normal and in 
(Oct ) 1935 Youmans 


The Effect of Temperature on the Rate of Blood Flow 
he Sympathectomized Hand, Aim J Physiol 113 384-398 
J B , Akeroyd, J H , Jr , and Frank, H Changes in the 
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temperatuie, exercise and position on the circulation time makes it 
apparent that there can really be no constancy of circulation time As 
a matter of fact, it is impossible to obtain a true average circulation 
time unless it is an average for a stated set of conditions It is not 
surprising, therefore, that venous circulation changes after operation 
The difference in the influence of operation on A-C and on F-C time 
may depend on many things Probably the two most important factors 
aie (1) the difference in activity and in elevation of the arms and legs 
and (2) the temperature of the skin 

Many more movements are made with the arms than are made with 
the legs postoperatively Repeated elevation of the hands above the 
level of the heart occurs The legs are almost always below the level of the 
heart, and this situation is accentuated when the patient sits in bed, as 
he does during a good deal of his convalescence We have shown 
that elevation of extremities increases the rate of circulation in the vans 
of the arms Exercises which we had our patients perform spai ca 
for the purpose of studying the effect of exercise on the rate o i 
circulation effectively decreased the F-C time but did ^ 

A-C time significantly This phase of the problem needs further 

sideration l ,ys 

Moreover, the temperature of the skin of the toes is a mo 
less than that of the fingers We have shown ^ that boo 
in the veins of the extremities when the skin is col an P 

the skin is warm . gvents 

If an attempt were made to depict the course o 
in many cases (but not in all), the picture wou ^yj^ich a 

what as follows The patient who has had an opera gQj^dition, 

general anesthetic has been used returns to his room ^ lu the 
with warm, flushed extremities and hence with as e , this 

peripheral veins (table 1) The cardiac output is i ^ 

Blood and Circulation with Changes ^ L B Circu 

Vasodilatation, J Clm Investigation 4 739- ( Ty,£hviduals, with 

latory Adjustments to Moderate Exercise m or Volume of the 

Reference to the Interrelation Between the ^ F , Smitli, L - 

Flow, Am J Physiol 101 494-502 (Aug) 1932 ^ 

and Allen, E V Speed of Blood Flow in the Artene ^ ^ 

Arch Surg 40 344-351 (Feb) 1940 Ether Anestlies'a J 

12 Blalock, A Cardiac Output in the jf 14 732-751 Oj 

Effect of Ether Anesthesia on the Cardiac Outpu , Consumption o 

1927 Snyder, J C The Cardiac Outpu j-estig^tion 

Surgical Patients Before and After ion, 

(Sept) 1938 Polano,H Experimentelle Unte^ Athernarkose, c'A 

Minutenvolumens des menschlichen Herzen Afinutenvolumens nac 
und nach operativen Eingnffen (Bestimmung e 
Deutsche Ztschr f Chir 239 505-513, 1 
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presumably incrLases the rate ot flow ot blood in the peripheral veins 
This decrease of circulation time is contributed to by the common use 
ot hot water bottles, elevation of the foot of the bed and restlessness 
of the patient 

On the second postoperative day the circulation tune is about the 
same as it was before operation, and, provided there is not considerable 
ever, the F-C time begins to increase gradually This may be because 
t e patient soon sits up in bed, likes his room cooler, may begin smoking 
cigarets and becomes annoyed at slight discomforts and because removal 
0 hot water bottles may allow his feet to remain cool or cold Muscle 
tone may decrease Presumably all these things increase the circula- 
tion time, because venous blood seems to flow more slowly “uphiir' 
and because cool environmental temperature, annoyance and cigaret 
smoking cause coolness of the skin, which appears to slow the flow of 
ood in veins Disappearance of fever and return of caidiac output and 
pulse to normal allow slowing of venous circulation Perhaps cessation 
ot sedation and of intravenous injection of fluids may influence the 
circulation time During this time, when more attention to his venous 
circulation is needed, the patient ordinarily receives none A few days 
c ore he plans to leave the hospital, at a time when the circulation in 
e veins is markedly slowed, thrombophlebitis may occur, or a bland 
ot may form in a vein When the patient becomes active, perhaps 
only to the extent of dangling the feet, or before this time, the clot 
ccomes an embolus, or parts of it may separate from the \em and 
cause pulmonary embolism Again, we wish to emphasize that we 
0 not believe that increased circulation time is solely responsible for 
venous thrombosis 

If a maximal effort is to be made to prevent thrombophlebitis and 
venous thrombosis after operation, attempts should be made to reduce 
coagulation of the blood, to prevent injury to veins and to prevent 
s owing of the flow of blood in the veins of the legs The first can be 
accomplished by injecting hepann intravenously, but heparin is expen- 
sive, the technic of administration is comparatively complex and dis- 
comfort occasioned by continuous intravenous administration is not 
i^cgligible This should be a reliable method of preventing postoperative 
venous thrombosis, although evidence is not conclusive on this point 
yet, as far as we know Apparently nothing more can be done about 
die question of injury to veins than has already been accomplished bv 
careful surgical technic If roughening of the intima of veins in the 
egs exists before operation, nothing can be done to restore the intinia 
lo normal It may be comparatively easy to increase the speed ot flow 

D Incomplete studies indicate that intramuscular tension decreases postopera- 
I'cly in some cases This may cause increased circulation time ^ 
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of blood in veins of the extremities after operation, and this phase of 
the problem deserves further study Theoretically, keeping the feet 
warm, exercise of the legs or a recumbent position with the foot of the 
bed elevated should prevent slowing of venous circulation after opera- 
tion We believe that the importance of increased circulation time in 
the genesis of postoperative venous thrombosis and pulmonary embolism 
can actually be determined in only one way, by preventing the decrease 
m speed of circulation in veins in a sufficiently large number of cases 
to determine the influence of this procedure on the incidence of venous 
thrombosis 



sub 


Chart 4 — ^Effect of administration of thyroid on the atcuhti 
jects on whom operation had not been performed 

EFFECT OF ADMINISTRATION OF THYROID GL U j-^^seS tile 

Normal Subjects — ^Administration of tliyroid ^ alter 

circulation time, although at the end of a twenty-four j,i our 

beginning administration of it there is evidence of an tort' 

studies of 4 patients, decrease of the average A-C oi tlnro’**’ 

eight hours after beginning a program of daily adminis 
and decrease of the average F-C time was noted ‘ 

beginning such a program (table 3, chart 4) 
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of th)roid was stopped, the A-C time of the only 2 patients on whom 
study was continued was normal in twcnt^-four hours The average 
F-C time continued to decrease for twent}-four hours after cessation 
of administration and did not reach the value noted before administration 
until two to five days after cessation (table 3) The decreased venous 
circulation time which results from administration of thyroid seems to 
be brought about by tachycardia and vasodilatation 

Subjects Afto Operation — Thyroid extract was administered in 
doses of 2 to 6 grains (0 13 to 0 4 Gm ) daily, beginning two to five days 
postoperative!}'’,^** and reaching a maximum average dose between the 
second and the eighth postoperative day The blocked curve represent- 
ing the amount of thyroid administered to patients receiving it was 
obtained by averaging the amounts of thyroid for each postoperative day 
(chart 5) The average preoperative A-C time of twenty-five and eight- 
tenths seconds and the average preoperative F-C time of forty-tsvo and 
five-tenths seconds were greater than the average normal values for 
these circulation times, probably because the patients were sick The 
average circulation time for this group of patients did not increase 
after operation as it did m a group of patients who did not receive 
thyroid (charts 1, 2 and 3) The tendency of the curves to rise to the 
average preoperative level in the latter part of the study may have been 
the result of failure of reduced amounts of thyroid to offset the usual 
tendency for the F-C time to increase Of greatest interest is the fact 
that the average A-C time and the average F-C time were less than 
the average preoperative circulation times throughout the period of 
convalescence, with 1 exception 

Analysis of the results in individual cases shows that the A-C time 
was rarely significantly greater after operation than before operation 
In case 34, the F-C time was greater on the third postoperative day 
than before operation, but thyroid medication had been begun only on 
the third postoperative day In case 36, the F-C time was greater on 
the third, fifth and ninth postoperative days (thyroid medication was 
begun on the third postoperative day) In case 37, the F-C time was 
persistently greater after operation than it was before operation, in 
spite of administration of thyroid With the exceptions just noted the 
F-C time was not significantly greater after postoperative admimstration 
of thyroid was begun The analysis of individual results emphasizes 
the errors which may result from using average values, which in this 
instance erroneously indicate that the F-C time did not increase after 
operation It is obviously inadvisable to conclude that administration 
of thyroid prevents the increase in F-C time ordinarily noted following 
operation However, our incomplete study indicates that it tends to 


14 The day of operation is considered the first postoperative day 
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produce such a lesult It is quite apparent that circulation time would 
not be influenced b}^ thyroid administered on the same day on winch a 
study of the circulation time was carried out In considering the relation 
of postoperative administiation of thyroid to circulation time and pul- 



A fhf* time of 

monary embolism, it is important to consider tne judicioi^’ 

and the amount of thyroid and to bear m mind that f^peratiwh 

administration the venous circulation time may increase 

tbvro J 

15 The report by Walters that postoperative 
dimmishes the incidence of pulmonary embolism is impor 
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One should bear in mind that it is insutticicnt simply to administer 
thyroid after operation One must know ^^hether administration of it 
pre\ents slowing of venous circulation 

C0^CLUS10^b 

1 After operation the circulation time trom the foot to the carotid 
sinus IS usually increased after the fourth postoperative day, that is, 
blood flows more slowly Increases in the circulation time from the 
arm to the carotid sinus are less common and less marked The slowing 
of venous circulation probably is an important factor in the complicated 
mechanism of postoperative venous thrombosis and pulmonary embolism 

2 Administration of thyroid gland to normal subjects decreases cir- 
culation time, that is, increases the rate of flow of blood from the arm 
and from the foot to the carotid sinus Postoperative administration 
tends to prevent the slowing of venous circulation which occurs com- 
monly after operation 
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The recent contributions of Goldblatt and his associates ^ have placed 
lenal ischemia as a cause of hypertension in the center of interest 
When the ischemic tissue was removed or when circulation was reestab- 
lished, the experimental hypertension disappeared Goldblatt- made 
the significant observation that “if before constricting the renal artery 
the kidney is decapsulated and adipose or muscle tissue is attached to the 
denuded cortical surfaces, the accessory circulation from the adherent 
tissues becomes very prominent and interferes with the development of 
pronounced elevation of blood pressure ” Ammals sumve complete 
closure of both mam arteries “when effected gradually by increasing 
the constriction at intervals This is proof that such accessory arcula- 
tion can be functionally highly effective ” Verney and Vogt ^ have 
observed that collateral circulation through the capsule or the hilus 
of the kidney may be sufficient to restore the increased blood pressure to 
normal in an animal with clamped renal vessels, they also found that 
extirpation of this collateral circulation raises blood pressure 

One of us (G de T ) has been stimulated to experimental and 
clinical research on this problem by the investigations of Paunz, 
taken at the University of Budapest, Hungary, between the years 1 
and 1930 This author first showed that an omental graft to the hi ney 

From the Circulatory Group, St Luke’s Hospital, and the Departm 
Surgery, University of Illinois, College of Medicine Studi^^ 

1 Goldblatt, H , Lynch, J , Hanzal, R F, and Summerville, W W “ 
on Experimental Hypertension I The Production of Persisten 

Systolic Blood Pressure by Means of Renal Ischemia, J Exper ^ ^ atmcnt of 

2 Goldblatt, H Experimental Observations on the Surgical 
Hypertension, Surgery 4 483, 1938 

3 Verney, E B , and Vogt, M An Experimental Investigation m ^ 

tension of Renal Origin with Some Observations on Convulsue rem , ^ 

Exper Physiol 28 253, 1938 , 

4 Paunz, L Die Inversion des Nierenkreislaufes, Ztschr 
Med 52 548, 1926, Die Ersetzung der Vena renalis dutch kun:>t ic 
Netzanastomosen, ibid 59 391, 1928, Die Erzeugung einer 
laufes in der Niere, ibid 59 280, 1928, Dauerversuch uber (Uc 
Artena renalis dutch kunstlich hervorgerufene Netzanastomosen, i 
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could effectively drain \enous circulation when the renal vein was 
obstructed, later he found that if he decapsulated and wrapped up one 
kidney in omentum, tied the renal artery of the same side one month 
later and subsequently removed the other kidney, the dog survived as 
long as one year, excreted 200 to 300 cc of urine daily, had normal 
concentrating and diluting power and showed only traces of albumin 
When the animal was killed m perfect health, vascular granulations 
were found between the omentum and the scarified cortex of the kidney, 
but no dense scar tissue had formed He kept a series of 18 dogs alive 
for varying periods Recently MacNider and Donnelly, ° using a similar 
technic of omentopexy, studied the growth of capillary buds m the normal 
kidney, they found them around the convoluted tubules but not in the 
vicinity of the glomeruli The omental vessels showed hyperplasia of 
their walls as if increased blood flow had taken place through them 
Davis and Tulhs ° placed omentum into the decapsulated and longitu- 
dinally split normal kidneys of dogs and later divided the renal vessels 
on the same side The vascularization of the side operated on proved 
to be much greater than that of the control side, also the functional 
capacity of the operatively treated kidney seemed greater, as studied by 
the dye excretion and urea clearance tests Mansfield, Weeks, Steiner 
and Victor^ found that Goldblatt hypertension was reducible by implants 
of omentum or spleen into the kidney The splenopexy gave longer 
lasting effects because of a greater development of collateral circulation 
Goldberg, Rodbard and Katz,® however, could not obtain lowenng of 
Goldblatt hypertension when they brought decapsulated kidneys into con- 
tact With denuded muscle , on the contrary, heavy scar tissue was found 
in the place of the renal capsule 

In unpublished and incomplete expenments undertaken between 1933 
and 1936, Slaughter, Karstens, Bedinger and one of us (G de T ) 
injected 10 per cent sodium morrhuate into the left renal artery and 
produced a small fibrous kidney within a month , this kidney was then 
decapsulated, scarified and wrapped in omentum, a month later, the 
nght kidney was removed Because of the vanable response to the 
sclerosing solution and the presence of aberrant vessels, uniform atrophy 

5 MacNider, W de B , and Donnelly, G L Value of Omentopexy in Estab- 
lishing an Adventitious Circulation in the Normal Kidney, Proc Soc Exper Biol 
& Med 40 271, 1939 

6 Davis, H A, and Tullis, I F, Jr The Effect of the Experimental Pro- 
duction of an Accessory Blood Supply upon Normal Kidney, Proc Soc Exper 
Biol & Med 40 161, 1939 

7 Mansfield, J S , Weeks, D M , Steiner, A, and Victor, J Reduction of 

Experimental Renal Hypertension by Pexis of Spleen or Omentum to Kidney, 
Froc Soc. Exper Biol &. Med 40 708, 1939 . * c- 

8 Goldberg, S , Rodbard, S , and Katz, L Increased Collateral Blood Suppl> 
to the Kidney m Renal Hypertension, Surgery 7 869, 1940 
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be Diorlnpp/'I T) 

because of Goldblatt's outstaXne difficulties and especially 

uniform hypertension, Tese ^"^-'011 k 

Nevertheless, it was felt that th«e ^ discontinued ,n IPX 
arteriolar sclerosis in the kidnev thp more closely mutated 

and the results were encouramnp- ” ^ obstruction of the mam arteiy, 
renal revascularization on certaif mh 

damage P ^ suffenng from renal vascular 

t.me°lfc?e C^wefe's^ ’ 7“' 

kidney on both 7* Since to 27" 2 

have had a similar on.r 7 T ‘ ^ P'd'ents (cases 3 and 4) 

used to coverThe l7dIT. , in case 2, omentum was 

Walhch^o reported ^oontly (January 1939) Abrami, Iselin and 

malignant neohme; / chronic glomerulonephntis and another of 

done both case<; ^ which umlateral omental transplants were 

and n'otuSterlXZr" 


^ REPORT OF CASES 

the neuroLculatoi^'^chmfat'U"'T 

complained of severe hear? if* ^ Hospital by Dr Thomas J Fentress She 
nervousness <^h u j daches, ringing in the ears, blurred vision and extreme 
pressure v/pu n t seriously ill until the age of 35, when her blood 

pressure examined because of frequent headaches The systolic blood 

Again in Tt) ^ mercury after three months of rest m bed 

examinaff pressure reached 250 mm of mercury On 

mern rvr pressure was 252 nim of 

a norfll diastolic A report obtained of her status then revealed 

00 ^ count, a negative reaction for syphilis and a value for blood urea of 

^ ^ ^ cubic centimeters An electrocardiogram showed a rate of 72, 

H ^ ^ ^ ^ slurred QRS complex in derivation III, left ventricular prepon 

erance, diphasic P waves m lead IV and inverted T waves in leads II and HI 
ysical examination disclosed slight left ventricular hypertrophy, with forceiul 
pu sation at the apex, and hyperactive reflexes of the left upper extremit), uidi 
eetmg paralysis There was papilledema of 3 D on the right and 2 D on the Idt 

1 he retinal vessels were constricted and tortuous There were no hemorrhages or 
exu ates (Dr Frank Brawley) The concentration-dilution test showed tiie specihe 


A fifth patient, a 7 year old girl, was operated on in Februar}'’ 19*10, omentuin 
eing used on one side and a pedicled muscle flap on the other Thi^ cJidd ^ 
bilateral congenital hypoplasia of both kidneys, producing severe h> perttn:»^‘||^ 
e case will be reported in detail after a longer penod of observation Si'c nioni 
after the operation the child was free of headaches and dizziness and gamed shcr, ' 
and weight A bilateral transdiaphragmatic splanchnic section has been periorn 
in addition 

10 Abrami, P , Iselm, M , and Wallich, R Essai de traitemcnt de I b 
tension arterielle, d’origine renale par la revascularisation ciiirurgicale ou 

(nephro-omentopexie), Presse med 47 137, 1939 
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^ — Preoperati\e and postoperative records of Alma J, 39 years old 
uruig a postoperative course of forty months tlie eyegrounds showed no significant 
change except fluctuations in papilledema, which is not easy to measure accurately 
In spite of repeated cerebral vascular accidents, no retinal hemorrhages or perivas- 
cular exudates were seen, constriction and tortuosity of the retinal vessels were 
measured on the basis of 1 plus to 4 plus The specific gravity of the urine varied 
from 1 025 just pnor to operation to its lowest figure, 1 013, three months after the 
operation At the end of forty months, the specific gravity was 1 016 Dilution 
varied from 1 004 at three months, to 1 008 at twelve months, which was also a 
preoperative figure The fifteen minute excretion of phenolsulfonphthalem was 30 
per cent prior to operation and 20 per cent at three months and twelve months 
^ter operation, it declined to 10 per cent at last examination The standard urea 
clearance of 33 8 cc of blood per minute fluctuated slightly during the postoperative 
course but was still 31 2 ca per minute at the forty month observation The urea 
ratio ^ ^QO ) ^as 37 preoperatively, remained the same three months later, 

rose slightly to 39 at the end of the twenty-first month and was 43 at the end 
of forty months The blood pressure varied from the maximum of 300 systolic 
^nd 170 diastolic at the twenty-fourth month, during an acute attack of hypertensne 
encephalopathy, to the minimum of 214 systolic and 140 diastolic fifteen months 
^fter operation Of the subjective symptoms prior to operation, dizzmess on rising 
always persisted, after a vascular accident occurring tliirty montlis postoperatively, 
weakness m the right arm and leg became pronounced The chart shows a slight 
but definite progress in renal damage indicated b> the fifteen minute phenolsul- 
lalein test, the concentrating ability and the urea ratio, the heart remained 
remarkably unaflFected during this period The hypertensive encephalopathy pro- 
gressed from a prodromal symptom of fleeting paraljsis in one arm to massne 
'oscular occlusion m the external capsule on the left, this will probabI> cause 
dcatli 
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gravity of the urine to be from 1 008 to 1 025 The rate of phenolsulfonphthalein 
excretion was 30 per cent m fifteen minutes and 65 per cent in two hours The 
urea ratio was 37 A diagnosis of severe benign nephrosclerosis was made. 

On April 9, 1936, through a lumbar incision and wnth resection of the tip of the 
twelfth rib, the left kidney was exposed It was small and firm and showed 
depressed scars over the cortex Decapsulation was easy The cortex was scan- 
fied with a scalpel , a pedicled flap of the musculus quadratus lumborum, 8 cm. m 
length and 3 cm in width, was swung around the kidney and anchored with a few 
interrupted sutures Closure was made with an all-silk techmc, m layers 

On April 20 an identical exposure was made and the same procedure was done 
on the right side The right kidney seemed somewhat larger and softer than the 
left 

Uneventful convalescence followed this two stage operation Subjectively, head- 
aches, heart consciousness and dizziness disappeared and did not recur Diz 2 mess 
returned ten months after the operation, but only on rising suddenly A year after 
operation there were still no headaches At eighteen months fleeting paral}sis of 
the arm was noted, and at twenty months a stroke occurred At twenty-four and 
twenty-nme months residual paralysis was obvious At forty months a major 
cular occlusion occurred in the region of the external capsule of the brain on the 
left, leading to dysarthria and marked mental deterioration Durmg this entire 
postoperative period, however, there was no marked change in the retinal findings, 
in the renal function or m blood pressure, although at the end of forty months the 
fifteen mmute phenolsulfonphthalem test showed diminishing renal function (fiff 1) 
Stiminary of Case — A 39 year old woman suffered from severe benign nephro 
sclerosis (no retinal exudates and hemorrhages) She was treated by bilatera 
implantation of pedicled muscle flaps mto the scarified kidney Her postoperative 
course indicates a progressive development of hypertensive encephalopathy, witliout 
significant deterioration or improvement of renal function 

Case 2 — F P , a 29 year old man, was referred by Dr Harold LueA to 
Research and Educational Hospital of the University of Illinois from the 
Hospital, which he had entered because of palpitation, precordial soreness, 2 Z 
and poor vision In 1925 the patient was first discovered to have 
Although he had been bothered for the past eight years with poor viswn^^^ 
nycturia, he had felt well until six and one-half weeks before entrance to 
pital, at which time he had a severe spell of dizziness, headache and 
stated that he had had a severe headache ever since He could not rea ^ 
paper with his left eye. At the age of 8 he had scarlet fever, which no 
to have been followed by nephritis His father died of apoplexy, qi 2 

high blood pressure Examination of the ocular fundi showed ai d 

D on both sides, tortuous spastic vessels with perivascular infiltrations jilaicd 

old hemorrhages The heart was enlarged to the left, the aortic diluticn 

The urine contained from 2 to 6 Gm of albumin daily 015 » tiic uru 

test showed the specific gravity of the unne to range from 1 " 
clearance was 12 05 cc per mmute, and the urea ratio was 5 
sulfonphthalem excrebon was 19 per cent at forty-five minutes an 
one hour and forty-five minutes The blood pressure vane Qiv ) 

of mercury systolic and from 156 to 136 mm. diastolic Nine ^ 

sodium amjrtal did not lower his blood pressure, which ocardial ^ 

potassium sulfocyanate The electrocardiogram showed mar e ^ 

ment On Feb 2, 1939 a typical nephro-omentopexy was " 

flap of omentum through the peritoneum and wrapping it aro 
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Fig 2 — A, the kidney is exposed in the usual manner , in some cases a high 
muscle-sphtting incision of the anterior abdominal muscles is done as for lumbar 
sympathectomy, so that a large lateral pentoneal surface is available The kidney 
is delivered into the wound, and a longitudinal incision is made on its convexity 
The capsule is grasped wth Allis forceps and stripped of the cortex with a small 
moist pledget of cotton B, after the capsule is reflected as far as the pedicle of 
tbe kidney, the cortex is scarified with the edge of the scalpel to prepare the kidney 
for the graft A deeper incision is made on its convexity The oozing must be 
stopped with hot saline compresses C, a small incision is made in the pentoneum 
medial and caudal to the pedicle of the kidney , a flap of omentum is delivered 
and carefully split in the middle The omentum is anchored to the peritoneal slit 
with a few interrupted sutures D, the scarified kidney is wrapped in omentum 
which covers both the anterior and the posterior surface. A few interrupted sutures 
anchor the omental flaps to the reflected capsule and to each other Enough space 
should be left to allow for drainage of any blood accumulating between the 
omentum and the kidney A large hematoma, when organized, may readily form a 
heav> scar around the kidney and completely defeat the purpose of tlie operation 
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and scarified right kidney (fig 2) The kidney seemed small and firm, witli whitish 
scars on the surface A biopsy specimen taken from its cortex showed artenolar 
sclerosis, with mostly intact glomeruli (fig 3) 

The postoperative course was uneventful Five months after the operation the 
patient was readmitted for a postoperative study He complained of marked dizzi- 
ness and a discharge from the right ear, which had been intermittently present ever 
since he had had scarlet fever at the age of 8 The blood pressure was 276 systolic 
and 184 diastolic Potassium sulfocyanate, 3 grains (0 19 Gm ) tliree times a day, 
was given but could not be tolerated Ten per cent dextrose had to be given intra- 
venously for several days , in five days he could again take food by mouth His 
dizziness improved, but only if he stayed in the horizontal position His heart 
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r T? P Generally speaking, di 
Fig 3 (case 2) —Renal biopsy specimen from F e howeier, show 

glomeruli are fairly well preserved About 15 per cen boundaries- 

varying changes, beginning with obliteration of t e capi jl,e endo- 

swelling of the epithelium with proliferation of t c ce s ^ portion of die 

thehum Occasionally synechiae are demonstrable shrunU- 

glomerulus with the Bowman’s capsule cw o Bowman’s cai»nes 

and even obliterated, with secondary hyalmization S accompime 

are markedly thickened by dense fibrous tissue “ of fibrous ti's- 

by thickening of the afferent and efferent are not duccrnibk- 

proliferaUon and hyalmization Not mfrequen y interlobular arte 

or hyalin may replace the entire structure The wa ^ 

are thickened and show similar changes nuclei oi tlw " 

The convoluted tubules seem to be reduced m nu 'j^^^ierate fibrosis ^ ^ 

epithelium are pyknotic The interstitial depressions •\d;onim-» 

capsule of the kidney is thickened and shows evidence oi af " 

latter areas the collecting tubules are dilated 1 qj the fir 

necrosis anywhere. Note the marked artenosderosi 

, Dr Sol R 

11 The study of renal biopsy specimens was ma c 
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became enlarged to the left Bilateral choked dlsk^ were present The acute edema 
of the brain was finally relieved On July 23 he could be up and about without 
dizziness or headaches His blood pressure tell to 230 systolic and 160 diastolic 
The urea clearance was 33 2 cc per minute, and the urea ratio was 57, showing an 
improvement in urea clearance but a deterioration of the urea ratio The daily 
excretion of protein dropped from 14 Gni at the second admission to 5 Gm at 
discharge 

A tliird admission was made to tlie Evanston Hospital seven months after the 
operation The patient had had several attacks of cerebral edema meanwhile and 
had suffered from severe headaches, nausea and vomiting Between these attacks 
he was fairly comfortable On entrance the heart was enlarged to the midaxillary 
line, there was moderate edema of the legs and ankles, and the face was puffy 
The blood pressure ranged from 250 to 220 systolic and from 170 to 160 diastolic 
The edge of the liver was palpated at tlie level of the umbilicus Ophthalmoscopic 
examination showed three fresh hemorrhagit areas in the left fundus The specific 
gravity of the urine was fixed at 1 010 A phenolsulfonphthalem excretion of 7 
per cent could be obtained at ninety-five minutes The urea clearance showed 2 9 
cc of blood cleared of urea per minute, 5 5 per cent of the average normal function 
The electrocardiogram showed no change as compared with former tracings 

The patient was dehydrated with ammonium chloride and mercupurin (a mer- 
cunn- theophylline preparation) several times, which resulted in marked diuresis 
The level of ncnprotein nitrogen, however, varied from 70 to 100 mg per hundred 
cubic centimeters , the value for urea nitrogen, from 48 to 56 mg per hundred cubic 
cenbmeters and the urea ratio, from 69 to 75 

SuvDiiary of Case — -A 29 year old man was subjected to unilateral nephro- 
omentopexy At the time of operation he had obvious signs of fulminating 
n^hgnant nephrosclerosis Section of the splanchnic nerve in such a patient has 
never been of any benefit The omental graft similarly failed to make an impression 
on the course of the disease Death from uremia occurred ten months after the 
nephro omentopexy 

Case 3— Shirley S, a 7 year old girl,i3 was referred to the Research and 
Educational Hospital by Dr Woodruff L Crawford of Rockford, 111 She was 
admitted on March 1, 1937, with a history of vomiting spells, headaches and con- 
vulsions Choked disks and high blood pressure were discovered by Dr Crawford, 
who sent the patient for observation and possible treatment Symptoms had 
been present for about two years 

The girl was pale and undernourished She showed marked cutis marmorata 
Both papillae showed edema of between 5 and 6 D The heart was enlarged to 
the left, the aortic and pulmonic second sounds were accentuated, without murmurs 
There were no palpable masses in the abdomen The reflexes were normal Dr 
Eric Oldberg found nothing to suggest a brain tumor The blood count and the 

12 On November 26, approxunately ten months after the operation, the patient 
<hed at the Evanston Hospital At autopsy the flap of omentum was seen firmly 
attached to the lower pole of the nght kidney Vessels were well visible coursing 
trough the flap The fat had completely disappeared Sections taken from this 
kidney and the left one showed no changes compared with the section obtained 
trough the biopsy specimen The heart was markedly enlarged to the left, death 
resulted from terminal uremia 

13 This paUent was m the pediatric service of Drs Hess and Poncher, who 
gave permission for perusal of the history 
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urine were normal The blood pressure fluctuated from 290 to 230 mm of mercury 
systolic and 190 to 160 mm diastolic A daily blood pressure curve was charted for 
several months but was lost between departments The fluctuations of blood pressure 
were so marked that pheochromocytoma of tlie adrenal or of the paraganghons was 
suspected A retrograde pyelogram revealed that the right kidney was larger than 
the left, and questionable clubbing of some of the cal ices on the left side was 
reported A concentration-dilution test of the urine showed a specific gravity 
between 1 024 and 1 008 The phenolsulfonphthalein excretion was SO per cent in 
one-half hour, 65 per cent in one hour and 80 per cent in two hours The urea 
clearance was 31 per cent and 32 per cent The values for nonprotem mtrogen 
were 36, 29, 27 and 39 mg per hundred cubic centimeters The value for urea 
nitrogen was 15 mg per hundred cubic centimeters, the urea ratio was 51 
Excretion of lead in the urine was within normal limits for this area 



u "i The niajo^d) 

Fig 4 (case 3) — Specimen from the right side (hypertrop ic 
of the glomeruli seem well preserved , some of them show s of 

The small and medium-sized arteries, where visible, show mar e arcuate 

walls, with almost complete obliteration. The intralobular 
arteries show slight to no change. The tubules in the cortex s edl/ 

of distention and collapse In the latter areas the of 

increased The capsule is depressed at regular intervals t ^ 

the fibrous areas just described are observed The pelvis pres niarUd 

thelium with edema and fibrosis of the subepithelial tissues 
hyaline arteriosclerosis in the arterioles and small arteries 

The girl had severe hypertension papilledema and , although the ^ 

and aorta The total renal function was remarka y ? p^irnient 
clearance rate and the urea ratio showed indications o 
operation was undertaken to explore the left adre t'cg 
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showed paro\>smal fluctuation \ar)ing as much as 100 mm of systolic pressure 
She had one sc\cre attack of h>pcrtcnsi\c encephalopathy, during which she almost 
died of acute cerebral edema 

On April 13, 1937 the left kidney and adrenal gland were explored The left 
kidney was small and \cry firm and showed a granular surface, it revealed multiple 
areas of pitting and Ind the appearance of nephrosclerosis A small wedge of renal 
tisse was taken for biopsv The left adrenal gland seemed slightly enlarged, 
although the surgeon (G dc T ) was unable to be sure how large a 7 year old 
child’s adrenal should be It seemed firm and had the consistency of a rabbits ear 
In the retroperitoneal space there was a long chain of grayish hyperplastic lymph 
glands A biopsy specimen was taken of these for identification Closure of the 
wound was made with silk 



Fig 5 (case 3) — Specimen from the left side (atrophic) The section of the 
kidney is divided into two distinct parts connected by dense fibrous tissue, pro- 
liferating tubules and thickened arteries To one side of this junction the renal 
architecture is obscured, and there one notes hyalimzed, thickened and obliterated, 
vessels and perhaps glomeruli interspersed with small tubules with deeply staimug- 
nuclei and hyaline casts in the lumens Round cells are numerous within the dense 
fibrous interstitial tissue To the other side glomeruli are found, which are normal 
*n appearance but in more instances are surrounded by fibrous tissue and atrophic 
tubules The arterioles and small arteries in the mam show no thickening The 
intralobular arteries show slight to no thickemng except for an occasional thickened 
\esscl 

The tubules show areas of shght dilatation alternating with areas of compression 
fibrosis and even proliferation The capsule is slightly thickened and depressed, 
corresponding to interstitial fibrosis 

The diagnosis was right kidnev, moderate arteriolosclerosis , left kidney, 
complete atrophy of one portion and slight arteriolosclerosis of the remaining 
portion 
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The child stood the operation well The renal biopsy revealed marked artenolar 
obliteration, with preserved glomeruli and no stasis in the vascular tree. In tlie 
removed lymph glands the arteriolar changes were even more extensne 

On Apnl 27, two weeks later, the right side was similarly explored The nght 
kidney was much larger and softer than the left The right adrenal was smaller 
and more friable than the left Because the presence of an adrenal tumor had been 
excluded, the nght major, minor and minimal splanchmc nenes were identified 
under the diaphragm and were traced and sectioned at their entrance into the celiac 
ganglion The right kidney was then decapsulated and scanfied, and a piece of 
muscle with a broad pedicle was swung around the raw surface of the kidney There 
was very little oozmg During this procedure the blood pressure fell to 90 mm of 
mercury systolic and 80 mm diastolic but was restored by two doses of neosjme 
phnn hydrochloride Closure was made in layers, with silk and without drainage 
The child's convalescence was uneventful, the wound healing by pnmao 
tion The blood pressure, however, did not change, although it seemed more stable 
The girl had several spells of cardiac asthma and became edematous The Iner 
became enlarged, the heart, especially the nght side, was enlarged She was given 
digitalis and was in an oxygen tent for three weeks before death, which occurred 
on June 7, six weeks after the second surgical procedure 

Autopsy revealed left ventricular hypertrophy, wuth moderate dilatation of a 
chambers of the heart, atelectasis of the lower lobe of the right lung, 
changes in the liver, marked bilateral nephrosclerosis with atrophy of tlie e 
kidney, and edema of the brain with slight hydrocephalus 

The left kidney weighed only 37 Gm , the capsule was thick and stnppe 
difficulty, leaving a rough, reddish brown granular surface , the nght kndne} wcig 
62 Gm, and a thick, well adherent mass surrounded the 
Histologic sections of the two kidneys (figs 4 and 5) showed no marke 
between the two sides The glomerular tufts were filled with red cells 
voluted tubules were m a severe stage of degeneration The collecting tu 
tamed many hyaline casts Some of the glomeruh were ven c uar,^ 
capillary epithelium appeared slightly thicker than normal The sma e 
showed marked mtimal proliferation, almost to occlusion of th^ of 

medium-sized vessels showed intimal thickenmg and some enm^ 
musculans The histologic diagnosis was nephrosclerosis, with compe 
of one part of the left kidney ^ 

Summary of Case — A 7 year old girl, suffering from a adrciul 

hypertension, choked disks, convulsions and 'vomiting witl‘ 

tumor on exploration, but there was marked hypoplasia o 
compensatory hypertrophy of the other Superimposed on the dn 

was malignant nephrosclerosis Cardiac compensation was m ^ 

ficulty A unilateral decapsulation and application of a muse e 
the disease, w hich ended in cardiac failure ^ 

Case 4 — !Mrs Rose B, 32 years old, had suffered 
for eight years She had received several treatments wit j9j5 ^ 

Her blood pressure was 125 systolic and 74 and 

138 systolic and 90 diastolic in June 1938 Her mother la a-t' 

tension In May 1934 the patient had eclampsia and nu^ 

month of pregnancy In 1935 she again had eclampsia w ^ ^ \ 

months pregnant The blood pressure then was 214 s>:>to 

cholecystectomy was performed in June 1934 and a sa sudd^nb ^ 

neither of these operations affected the lupus In July ^ 
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nuiiibnci.s m both feet, this s>niptoin gradual) v (lisai>pcarcd in two to three months, 
but cramping of tlic caKcs rcniauicd, at tlic tiim ot admission she could hardly 
walk half a block There were also some tuiLlnig and itching cf the hands, 
occasionalh red splotches would appear, which would disappear in two or three 
da>s 



Fiff 6~A, intravenous pyelogram of I^Irs R B taken ten minutes after 
injection of diodrast The right renal pelvis (at left of photograph) is well filled 
with the dye and shows normal contours There is no trace of dje on the left side 
B, mtra%enous pyelogram taken forty-five minutes after injection of diodrast The 
■■‘ght renal pelvis (at left of photograph) is almost emptj The left pehis has 
just filled, It was invisible at thirty minutes 

On her entrance to St Lukes Hospital, Afarch 6, 193<J, butterflj areas of 
lupus erythematosus were found on the cliceks and faded spots on the arms and 
upper part of the chest The pulses were impalpable on the lower extremities, 
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including both femoral pulses at the groin The radial arteries pulsated well 
The blood pressure was 170 systolic and 120 diastolic It did not fall on admini- 
stration of nitrites or of pentobarbital sodium The oscillometnc index at the 
left ankle was 0 5 cm at 80 mm of mercury and was the same at the right ankle. 
The upper part of the left arm showed an oscillometnc index of 3 cm at 120 mm of 
mercury on the left and 3 cm at 140 mm on the right The urine was normal, 
the urea clearance was 29 cc of blood per minute, and the urea ratio was 38 The 
eyegrounds were normal An intravenous pyelogram showed the dye in five minutes 
in the right kidney but not before the end of forty-five ixunutes on the left side 
(fig 6) Cystoscopic study and ureteral catheterization (Dr W J Baker) revealed 
that the urine from the right ureteral orifice was deep amber and that from the left 
pale and watery The intravenous phenolsulfonphthalem appeared on the nght side 
in four and one-half minutes, with excellent concentration, but none had appeared 
from the left side in fifteen minutes Dr E H Oliver thought that the lupus was 
quiescent and that previous surgical operations had caused no flare-up of the 
condition 


The history of eclampsia, the prolonged treatment with a gold compound and 
the presence of lupus erythematosus suggested a vascular lesion in the kidney, m 
addition, the occlusion in both iliac arteries and possibly the aorta suggested a 
Goldblatt kidney The diagnosis of endocarditis as described by Libman m con- 
nection with lupus erythematosus could not be made The possibility of periartentis 
nodosa was suggested by Dr R W Keeton 

Operation (on March 11) was undertaken with the idea of explonng or possibly 
revascularizmg the left kidney and at the same time sectioning the lumbar sympa 
thetic nerves to improve circulation to the left lower extremity The aorta, ex^s 
by an anterolateral muscle-splitting incision, was small and collapsed and no 
pulsate at the level of the umbilicus The lumbar portion of the sympa e 
chain was removed on the left between the first and the third lumbar ganghom ^ 
left kidney was exposed It was of normal color but definitely small, wi 
cortical scars and fatty deposits A section removed from its middle thir 
bled (fig 7) The pedicle pulsated, but more feebly than on the other si ^ 
to the aorticorenal junction the aorta was pulseless, proximal to it t 
strong pulsation The kidney seemed like a Goldblatt kidney, but 
lupus and its possible effect on the other kidney the thought of a nep rec ^ . |^j 
abandoned The left kidney was decapsulated, scanfied and wrappe 
flap taken from the psoas muscle Closure was made with an all-si tec 
out dramage 

The patient stood the operation well , her blood pressure remaine 
stable throughout the operation However, on the third day a rise m^^ or 
occurred, together with gallop rhythm, some pulmonary congestion a^ 
the ankles Dr R W Keeton ordered administration of digitalis a 
of fluids, under this management the gallop rhythm subside , an 
the left lung did not progress On the fifth postoperative the cpl 

definitely better and was taking foods and fluids by mouth o'' jorsal P^^^ 
of the fifth day there occurred a sudden severe pam \craturc ro e to 

the spine and the chest, and the gallop rhythm returned c | cart 

102 A portable x-ray apparatus showed a questionable couM 

in the posterior mediastinum (Dr E L Jenkinson), but an o iQ * 

be obtained with the portable apparatus The patient became o\i 

fr'icv B f 

14 In a recent case of lupus er 3 ^ematosus. Dr i Xcw 

pathologic diagnosis of penartentis nodosa (Cabot Case 
Med. 218 838 [May 19] 1938) 
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expectorated dark, froth> mucus in large quantitic*; gradually c^anosls set in, which 
did not impro\e with digitalis and oxygen thcrap> On the sixth day difficulty in 
swallowing occurred The to\icit> increased, and the patient died, seemingly from 
pulmonary edema, on the sixth postoperative da} Permission for autopsy could 
not be obtained As a cause of death, rcactnation of the lupus erjthematosus was 
suggested by tlie high temperatures, tlie marked toxicit}, an unexplainable sepU- 
cemia witli sterile blood cultures and the absence of reaction in the wound But 
the questionable shadow in the mediastinum, tlie pain in the chest, the difficulty m 
swallowing and the cardiac insufficiency made one wonder whether ascending 
aortic thrombosis was not present 

Summary of Case — A 32 year old woman suffering from lupus erythematosus, 
unilateral renal disease, hypertension and vascular occlusion of the aorta was sub- 



Fig 7— Photomicrograph (Mrs R. B ) The glomeruli show no abnormal 
changes except for thickemng of Bowman’s capsule. The arterioles and arteries 
show slight to no thickemng The most striking changes are in the intersUhal 
tissues There are focal areas of infiltration of large lymphocytes and plasma cells 
There seems also to be an increase m the mterstitial fibrous tissue In some areas 
compression and obliteration of the convoluted tubule can be seen 

The impression was that of interstitial lymphoblastic plasmocellular nephritis 
With fibrosis There was moderate arteriolar obliteration 

jected to an exploratory procedure and lumbar sympathectomy, and a Idt renal 
vascularization ^vas performed. She died six days after the operation. The cause 
of deatli was not determined Biopsy re\ealed nephritis, which is not infrequently 
^sociatcd with lupus erythematosus 


COMMENT 

The 4 cases presented differ greatly, and it may be well to deal with 
them individually The first case is perhaps tlie most instructive, because 
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Will h "^^scular damage fn ^ arterial hypertension has persisted 

be the causes of death^ T f and failure of the heart 

ng enough for renal failure + patients survive 
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been influenced, even thoiirf, 1’’^ Process in the case of Alma / fas 
^ operation rcna impairment has not progressed since 
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- of F p (case 2) ^P^^^ress of nonrenal vascular damage m the 
? Vppr r^m 7 -*^“0 malip-nani- n/ar^7n — - xL.e. 


— Clear is 

case of F F (case 2) P^c>gress of nonrenal vascular damage in the 
^ 29 year old man obvfnr i ^ ^^’g'cant nephrosclerosis in this patient, 
medical department felt fh ^ ^^^cd the worst possible prognosis The 
cedure is juspfied But ®ach a hopeless case any surgical pro- 

^vitb inoperable carcinom ^ ®^cgeon may just as well accept a patiuic 
, a in the terminal stage as try to save a patient 

p 

Spnne-er 7 Qtc * StaeheJm R Handbuch der inncrcn 

16 Christian, H A ^7""^ 

ersus Circulatory Dent^^f ^^^ussion on Andrews, C L Circu/atoo T^ro 
ension, J A AI 07 Cardiovascular Renal Disease with 

^^sults of Essenfit w discus:>ion on Pati/Zin / ^ 

Beh, E T, and Tin ibid 87 923 (Sept 18) l92o 

^ our Hundred and ^ ^ Primary (Essential) Hypcrtcn^ - - 

enty Cases, Arch Path 5 939 (June) J923 
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with a diffuse arteriolar lesion in main organs This patient died ten 
months after the operation, with gradual failure of his cardiovascular 
and renal systems 

The third case, that of a 7 year old child, vanes from the first 2 in 
causation of the condition The type ot juvenile malignant nephro- 
sclerosis 111 conjunction with congenital hypoplasia of one kidney 
obseiwed in this case has been discussed by Ask-Upmark,^® who pub- 
lished 6 cases in which autopsy was pertonned The anomalies consisted 
of unilateral hypoplasia, absence of cortical tissue with development of 
blind subcapsular diverticula communicating with the pelvis of the kidney 
^nd, finally, cystic spaces filled with colloid material Normal kidney 
tissue alternated with normal renal parenchyma We have observed 
1 case besides the one described, this was the case of an 8 year old girl 
suffering from malignant nephrosclerosis, in whom penrenal insufflation 
revealed marked hypoplasia of one kidney, she was seen at a terminal 
stage of cardiac failure, and operation was not considered 

If pediatricians were uniformly in the habit of recording blood pres- 
sures, juvenile malignant hypertension might be recognized earlier The 
removal of a hypoplastic kidney before the other kidney has suffered 
vascular damage seems logical, since unilateral pyelonephntic kidneys 
causing hypertension have been successfully removed by Butler,^® 
Barney and Suby and Barker and Walters But it must be stated 
that removal of one ischemic kidney producing a pressor substance may 
occur at a time when the other kidney has become involved Thus, in 
the case of Shirley S the histologic picture of the large compensatory 
kidney could not be distinguished from that of the hypoplastic one , it is 
even possible that such an enlarged kidney is more vulnerable, as 
Leiter has suggested If nephrectomies are to be carried out because 
of unilateral ischemic kidneys, involvement of the other kidney will have 
to be carefully scrutinized , it may elude the most sensitive tests of renal 
function at the time In the case of Shirley S , nephrectomy of the 
atrophic kidney might have been curative within the first few months 
after the onset of symptoms, two years before admission to the hospital 

In the fourth case there were so many unusual features that the diag- 
nosis eluded several diagnostic clinics On admission it became apparent 

18 Ask-Upmark, E Ueber juvenile maligne Nephrosklerose und ihr Verhaltnis 
zu Stoningcn in der Nierenentvvicklung, Acta path et microbiol Scandinav 
6 383, 1929 

19 Butler, A !Nr Chronic Pyelonephritis and Arterial Hypertension, J Clin 

Investigation 16 889, 1937 

20 Barne>, J D, and Suby H I Unilateral Renal Disease with Arterial 
Hjpertension, New England J Med 220 774, 1939 

21 Barker, N W , and Walters, W Hypertension in Unilateral Renal Disease 
Proc, Staff I^Icet , Mayo Clin 15 475, 1940 

22 Leiter, L Personal communication to the authors 
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that there existed (1) quiescent lupus erythematosus, (2) unilateral 
renal disease with poor excretory function and (3) a major vascular 
occlusion involving the aorta, at least, at the iliac bifurcation The com- 
bination of lupus erythematosus and renal disease has been well descnbed 
by Snapper and by Baehr, Klemperer and Schifnn , the occurrence 
of endocarditis with lupus has been emphasized by Libman and Sachs,'* 
but in this case we suspected a unilateral Goldblatt kidney, which would 
explain both the renal damage and the pulseless extremities by occlusion 
of the aorta at the level of the left renal artery This proved to be the 
case at operation In retrospect, a nephrectomy might have been better 
than the muscle transplant, section of the splanchmc nerve, considered 
elsewhere, did not seem indicated Whether death occurred because of a 
toxemic manifestation of lupus erythematosus or because of a propagating 


thrombus of the aorta is open to question 

The conditions described m these 4 cases are examples of desperate 
terminal hypertension Instead of approaching the surgical treatment 
of these conditions by section of the splanchnic nerve, the results of which 
we now have observed up to six years, an attempt was made to graft 
new circulation on these ischemic kidneys We cannot say that 
1 surviving patient the course of the disease has been altered ^^ur 
expenence, however, serves to emphasize that renal failure is not 
quently the cause of death of patients suffering from essential 
tension and that an intravenous pyelogram readily shows di ere 
in size and function of the two kidneys and might demonstrate uni a 
renal involvement m the early stages Nephrectomy at that time, 


shown by cases in the literature, may be curative 

But the majority of patients with essential hypertension 
artenolosclerosis of both kidneys , we have learned t is ^ 
biopsies in the cases of young patients who showed no signs 
damage and had flexible, moderate hypertension (fig ) 
report on a group of patients subjected to splanchnic nerve 


mother communication . pgrteini"- 

Perhaps this surgical exploration of the kidneys coni'^ 

patients needs some apology Certainly no other meas 
:o our attention that would alter or arrest the course 

^ ' 

23 Snapper, I Kidney Trouble in Acute Lupus Erythemat^^j^^^ ^ 

H, and Hides, S The Kidney in Health and Disease, 

Febiger, 1935, chap 26, pp 433-439 Diffuse Dnea^e oi ' ■' 

24 Baehr, G , Klemperer, P , and Schifnn, A - ^j^gmatosu:. and D 

Peripheral Circulation Usually Associated with Lupus ^ 

larditis, Tr A Am Physicians 50 135, 1935 Val.uhra 

25 L,bman, E , and Sacha, B A H.lhcrto ™ 

Mural Endocarditis, Tr A Am Physicians 38 46, ^ ’ 

26 Moritz, A R . and Oldt, M R Arteriolar 
^fonhypertensive Individuals, Am J Path 13 679, 1 
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If one iookb at tins disease as a malignant process — and, to be sure, eases 
of stationary, benign or regressive h>pertension in patients below the age 
of 40 are not frequent — one must attack it with all available means, an<] 
not in the terminal stages More use will have to be made of intnvenou^ 
pyelograms for hypertensive patients, as they seiv^e for an onentatunt 
of the size and function of the two kidneys , later, if the results of tin 
preliminary test suggest it, differential tests of renal function can be 
earned out Perirenal msufllation, whieh we Iiave used in a nunljci 
of cases to investigate the size of the adrenal glands, is fraught rn 
danger to hypertensive patients, who often have a well rJe\elojj^I 



a^clf specimen from AI S , a 24 year old woman m whose 

distil t latent glomerulonephritis was made The capillary buds 

Membranes H ^ ^P^dielium and endothelium show no swelling , the basement 
"The aff ^ ^PP^r to be thickened, and there is no fibrin deposit 
amount of efferent arterioles have rather thin walls and show a small 

^rtenes ^dielial swelling The interlobular and arcuate arterioles and small 
instances thickening of this wall, varying m degree and in some 

lour or occluding the lumen (diameter of one red cell) The wall 

con^^i times as thick as the diameter of the red cell 
Appear tubules are somewhat disrupted by artefacts, but their nuclei 

die intact cfn arteriosclerosis and artenolosclerosis of the kidney Note 

^crulus and the almost obliterated artenole to the left 


reported the perirenal fat In the case of Edith H (not 

”osis of ^^1 ^ unmarried woman in whose case the diag 

Jgnant nephrosclerosis was made, the right kidney 
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outlined without difficulty, but not enough air was visible on the left 
side (fig 9) After the perirenal injection on the left side, she had a 
severe reaction, which was due to a large perirenal hematoma, there 
was a huge amount of clotted and unclotted blood around the kidney 
and under the capsule, as was demonstrated later on exploration 

The results in our cases do not answer the question whether renal 
revascularization is of any value for patients suffenng from nephro- 
sclerosis, nor IS it positively known that certain patients with clironic 
glomerulonephntis or pyelonephritis, who may undoubtedly have end- 
arteritis obliterans m the afferent and glomerular vessels, would not be 



f F H 

Fig 9 — Perirenal insufflation of 250 cc of air in the case o alter 

the right side was visualized The film was taken twenfy reprtatnt 

injection Note the triangular shadow above the upper pole of t e 
ing a normal-sized right adrenal gland 


equally suitable for such a procedure A combination o 

thectomy with decapsulation has recently been advocate 

and his associates These authors correctly pointe dtpiir" 

tension with nephritic symptoms may be due to 

sclerosis with glomerular manifestations or to chronic 

' , II r Vue d’en^i-n tie - 

27 Chabamer, H , Gaume, P , and Lobo-Onell, o jj^-phroan,' ^ - 
resultats d’anterientions pratiquees dans quarante-neui cas 
Presse med. 46 ISIS, 193S 
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nephritis with secondary vascular changcb Ihe result in both instances 
IS the ischemic kidney, when unilateral, it can be removed, but this 
certainly does not apply to the majority of diffuse renal diseases The 
greatest stumbling block to effective \ascuIarization of an arteriolo- 
sclerotic kidney is that the vascular obstruction is terminal, this type of 
arteriolar destruction is the most difficult to treat in the extremities 
Nevertheless, an extraglomerular circulation, affecting perhaps the 
tubules,^ might still be of some use We have put these cases on record 
to report the futility of this procedure m the late stages We believe 
that revascularization should not be abandoned until it is evaluated by 
trial on patients with early benign nephrosclerosis giving the typical 
clinical picture of essential hypertension 

Finally, attention should be called to the frequent occurrence of 
partial obstruction of the mam renal artery in association with “essential’' 
hypertension in man For kidneys with such obstruction which were 
studied as postmortem material by Blackman, surgical procedures to 
increase the blood flow in the terminal vascular bed offer more promise 

SUMMARY 

Four hypertensive patients m whose cases the diagnosis of malignant 
nephrosclerosis was made were operated on with the idea that the 
ischemic kidney might obtain some additional circulation The kidneys 
were decapsulated , the cortex was incised and the omentum or a 
pedicled muscle flap was wrapped around the kidney The 4 case 
reports are summarized One patient has been followed for three and 
one-half years In no patient was there a definite improvement It is 
possible that if patients with essential hypertension with earlier or more 
proximal vascular damage were subjected to such a procedure the 
condition might be arrested or improved The importance of taking renal 
biopsy specimens and the difficult interpretation of biopsy observations 
in the early stages are emphasized For the late stages in which the 
patient is referred to the surgeon, renal vascularization has been of 
no value 

122 South Michigan Avenue 

A study of the architecture of the kidney m chronic renal d^case 
(Oliver, J Architecture of the Kidney in Chronic Bright’s Disease. New York, 
Paul B Hoeber, Inc , 1939) reveals the striking hypertrophy and hyperplasia of the 
proximal convoluted tubules in aglomerular nephrons, a phenomenon of repair 

28 Blackman, S S , Jr Arteriosclerosis and Partial Obstruction of Mam 
Renal Arteries in Association with “Essential” Hypertension in Atan, Bull Johns 
Hopkins Hosp 65 3S3, 1939 



SUTURE STUDIES 

A NEW SUTURE 

JOSEPH E BELLAS, MD 

PEORIA, ILL 

, j 3,nd exhaustive study of wound healing appears in an 

f ^ r which should be informative and illuminating to all 

en s o surgery This study was conducted without reference to 
presence of sutures and stands virtually as a control for any study 
on wound healing complicated by additional influences Thus a study 
o woun healing as influenced by sutures is of paramount importance 

rom t e standpoint of fundamental and practical application 

The controversy concerning absorbable and nonabsorbable sutures 
las een fluctuating ever since Halsted ^ broke away from the precedent 
of absorbable sutures to advocate the use of silk sutures 

In recent years the subject has interested me very much In niy 
experiences with various sutures, such as plain, chromic, tanned and 
iodized catgut and silk, linen, steel wire and artificial sutures, I have 
felt that the controversy concerning the relative merits of absorbable 
and nonabsorbable sutures is leading nowhere I have become con- 
vinced that the emphasis in discussing sutures should be directed to 
whether a given suture is reacting or nonreacting 

From extensive clinical and experimental work I have tried to 
ascertain what factors exist in sutures in current use to make them 
react and have studied various sutures m the light of these factors 

I have enumerated five principal factors in the production of o 
reacting effect 

1 Absorbability of a suture 

2 Favorable bacterial medium from the split products of a sutuA 

3 Allergic sensitivity of tissues to foreign proteins m a suture 

4 Susceptibility of a suture to enzymatic digestion 

5 Capillary retention of stagnant serum within the body of a sut 

1 The more absorbable a suture is, the more soluble materia! tian 
will be to diffuse out into the tissues and arouse an irritating 
In addition to this, the more soluble a suture is, the greater 

From the Surgical Service of the Collins Clinic 

1 Arey, L Wound Healing, Physiol Rev 16 327-f06, 19Jo jjjjl!- 

2 Halsted, ^V S Ligature and Suture Material, J A 
(April 12) 1913 
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depreciation in certain of its physical properties, such as tensile strength 
and knot holding ^ 

2 The split products resulting from the breaking down of a suture 
of animal origin will offer an excellent culture medium for bactenal 
growth and will thus increase and extend the zone of injurious reaction 
Inherent contamination of such a suture, which sometimes occurs with 
catgut, will yield an immediate pathogenic agent which will further 
^ggi^vate this reaction ^ 

3 Allergic reaction from sensituity of the tissues to the foreign 
proteins in the original suture or to its broken-down products has been 
observed too often to allow doubt of its injurious effect in delaying or 
impairing pnmary repair ^ 

4 A suture of animal ongin or of protein composition lends itself 
in varying degrees to digestion by the trypsm-like enzymes ever present 
m the body tissues The effect of this and of its aftermath gives rise to 
varying degrees of irritating response ^ 

5 The infiltration of serum or body fluids within the body of a 
suture by capillary attraction gives rise to stagnation of serum This 
acts as a favorable culture medium for bacterial growth and leads to an 
inflammatory reaction within the suture and to extension of infection 
along the course of the suture 

The observation that any one or more of these factors inherent in 
a suture make that suture an inherently reacting one is a conclusion 
inevitably reached from a close study of suture reactions Thus, catgut 

3 Howes, E L , and Harvey, S C Strength of Healing Wound m Relation 
to Holding Strength of Catgut Suture, New England J Med 200 1285-1291, 1929 
Jenkins, H P Clinical Study of Catgut in Relation to Abdominal Wound Dis- 
ruption, Surg , Gynec & Obst 64 648 662, 1937 Rhoads, J E , Hottenstein, 

H F, and Hudson, I F Decline m Strength of Catgut After Kxposure to Living 
Tissues, Arch Surg 34 377-397 (March) 1937 

4 Meleney, F L , and Chatfield, M How Can We Insure Sterility of Catgut? 
Surg, Gynec & Obst 50 271-277, 1930 Clock, R O Bacterial Species Found 
ui Non-Stenle Surgical Catgut Sutures, ibicL 66 878-881, 1938 

5 Babcock, W W Catgut Allergy, with a Note on the Use of Alloy Steel 
^ire for Sutures and Ligatures, Am J Surg 27 67-70, 1935 Hmton, J W 
Allergy as an Explanation of Dehiscence of Wound and Incisional Hernia, Arch. 
Surg 33 197-209 (Aug) 1936 Kraissl, C J , Kesten, B M, and Cimiotti, J G 
Relation of Catgut Sensitivity to Wound Healing, Surg , Gynec. & Obst 66 628- 
<535, 1938 

<5 Allen, J C B The Fetish of Catgut, M J Australia 2 150-151, 1934 
Red, H The Catgut Problem, Chirurg 4 17-23, 1932 Kraissl, C J , and Meleney, 

R L A Method for Determining the Time of Catgut Digestion in Vitro, Surg. 
GjTiec &. Obst 59 161, 1934 
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reacts because of factors 1 to 4 inclusive Natural silk reacts because 
of factors 4 and 5 ^ The treated silks, linen and rayon m current use 
react because of factor 5 

Hence all absorbable sutures and all reacting nonabsorbable sutures, 
by virtue of their irritating effect, would be expected to oppose pnniar} 
physiologic repair 

It IS an extremely significant observation that all the sutures in 
current use fall into the group of reacting foreign bodies With a 
knowledge of this fact, it becomes readily comprehensible why dissatis- 
faction with these sutures has often been expressed 

There is a general conviction among physicians and surgeons alike 
that introduction of foreign bodies into the tissues inevitably gives rise 
to an unfavorable foreign body reaction, with the development of iiiflaiii- 
matory cells, macrophages and giant cells and ultimately of a thick 
wall of fibrous tissue to wall off the foreign body 

It has been my observation that this contention is untrue and 
fraught with the liability of false conclusions If the factor of pure 
mechanical irritation is eliminated, no one who has studied the behavior 
of foreign bodies, such as rustless steel wire, vitalium screws and glass, 
will deny that these foreign bodies are nonreacting within the 
Thus it is essential that in the consideration of sutures emphatic i cr 
entiation be made between reacting and nonreacting foreign bo les 
It was my endeavor to find a nonreacting foreign body whic cou^^ 
be utilized as a suture that led me to the search for a 
suture In order to achieve the attainment of an ideal suture 
lated the requirements that seemed essential in such a suture 


are 


1 The suture should be sterilizable by common hospital an 
methods, that is, by autoclaving and by boiling, without signi 

of desirable properties oreiwth- 

2 The suture should possess pliability, satisfactory tensi 

knot-holding qualities and uniformity for given sizes ^ 

3 The suture should be nonreacting or relatively nonre 

body tissues , ti <■ 

4 It should be insusceptible to the action of tryptic cn y 

body tissues , i^ti i' 

5 It should be insusceptible to the chemical and p ly 

in the body tissues . [-t-n ' 

6 It should be unaffected by bacteria and mcapa 
the growth of bacteria 

^ ^ 

7 Starhngcr, F The Later Fate and the ''4 25'-' 2 '' / 

m the Wall of Gastro-Intestinal Fistulae, Zentra CjU-’ ' 

Donaldson, J K, and Cameron, R. R SurycO 5 511-’ 

Noble Plication w ith Reference to Abdominal Adhejio , 
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7 It should be incapable ol letarding the process ot repair 

8 It should be incapable of inducing disturbing edema or of inducing 
effusion of tissue fluids in operative wounds 

9 It should be incapable of inducing allergic reaction and, inciden- 
tally, of inducing toxic or carcinogenic influences 

10 It should be practically unaffected b} clinical ranges of heat 
and moisture 

11 It should be truly iioncapillar} 

12 It should permit ease in handling, at least equal to that of catgut 

13 It should be radiolucent 

The logical conclusion that arises from the foregoing requirements 
leads to the final requirement 

14 It should be nonabsorbable 

A study of present day sutures discloses the significant fact that 
none are available thus far that incorporate all of the properties just 
enumerated The rustless steel alloy wire of Babcock and Kurlander ® 
makes the closest approach Its radiopacity and difficulty of surgical 
nianipulability militate against its general use as a universal suture 

A type of suture which consists of silk wound around a core of steel 
Wire has been described ° I have not used it but it may be assumed 
that it combines the disadvantages of silk and those of wire 

An attempt has been made to stain and adapt a new fiber called 
nylon as a surgical suture Little can be said as yet with regard 
to its utility I have seen but one photomicrograph, which, taken at 
Lvo days, was shown m contrast to a photomicrograph of an intense 
Silk suture reaction at eight days but which itself showed a moderate 
inflammatory reaction at this early date Moreover, monofilic nylon 
fails signally in one of the essential physical properties, that of knot 
holding, whereas the suture composed of multiple filaments may be 
^pected to react much like the silk suture However, it must be 
stated that the manufacturers have taken the precaution of recom- 
mending it only as a removable superficial suture 

The development of my new plastic suture is the result of a three 
year search for a nonreacting suture that attempts to combine all of 
the requirements enumerated That objective has apparently now been 
attained, and after extensive experimental and personal clinical trial 
I have finally reached the point where I can, with confidence, introduce 
my improved suture, based on a new principle of nonreaction— plastigut 

8 Babcock, W W Ligatures and Sutures of Wlow Steel Wire, J A Af A 
102 1756 (klay 26) 1934 Kurlander, J J Rustless Steel Wire A New Addi- 
tion to the Surgeon’s Armamentarium, J Bone Joint Surg 12 191, 1930 

9 Rau, O Experiences with tlie Modern Suture Afatenal Mcdrafil,” Zen- 
tralbl f Chir 64 509, 1937 

10 Ziegler, P F Du Pont Njlon Steps into Surger\, Du Pont Ma^ 33 
1*1-15. 1939 
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whid 5 ' ^ nonabsorbable, noncap, llary suture ,n 

are nn components are synthetic plastics These plastics 

aLohd of aliphatic and aromatic 

lols with short chain aliphatic aldehydes They may be con- 

1 ered analogous to bakelite, Incite and vinyhte The appearance of 
the su uie IS similar to that of catgut, and it is prepared in equivalent 
sizes, but fiom that point on the similarity ceases 

Animal experimentation was resorted to ,n order to study the effect 
various sutures m relation to tissue reaction and to the process of 
wound healing as ascertained by microscopic studies Plain and 
c romic catgut, natural and treated silks, natural and Pagenstecher 
men and plastigut were embedded deeply m the tissues of guinea pigs 
an dogs, and at intervals between two days and six months the animals 
were killed and sections made of the various sutures All the afore- 


mentioned sutures were buried in the same animal for many of the 
specified periods so as to have identical conditions A large number 
of microscopic sections were thus obtained, of which the accompanying 
photomicrographs demonstrate the typical results 

To the practical surgeon, clinical trial is the most crucial test, and 


my own interest and curiosity led me to use plastigut m a few operative 
cases The prompt healing and absence of reaction, as well as a definite 
reduction in the amount of pain from the incision in “clean cases^' so 
gratified me that I was encouraged to use plastigut in an ever increasing 
percentage of cases until I found myself using it as the routine suture 
My subsequent experience has only convinced me further of the value 
and range of utility of the suture Another factor of economic impor- 
tance IS the shortened period of hospitalization which results from its 
use It was obvious that the stage of repair in cases in winch plastigtit 
was used was far more advanced at any given day than m cases in 
which catgut was used, because there was no irritating inflammatory 
and exudative reaction to prevent or hinder repair Subsequent post 
operative incisional hernias suddenly became a rarity Even vesico 
vaginal fistulas, which had formerly been a specter and a nightma 
because of repeated recurrences, miraculously healed as by ^ 
intention It became increasingly apparent to me that when ca 
was used the incisions eventually healed not because of but m P 
of the catgut 

I have used plastigut in about 600 cases, but sufficient 
elapsed to give the ultimate results in only 406 cases These r p ^ 
an experience over a three year period in all types of cases, u 
manner of conditions and with varied technics I have jn 

many things about sutures in carrying out this work, p^^f^ 
relation to the use of plastigut At first my sutures ^\e^c cru 


This name has been adopted for convenience and simphcit> 




B 

1 ^ chromic catgut suture at the end of five days The catgut suture is 

egirming to be absorbed An inflammatory reaction is present especialb at the site 
cnm section at two weeks, in which a plain catgut suture is a most 

Pletely digested and replaced b> a wide, rounded area filled with acute mflam- 
cells and showing central necrosis This is virtually an acute abscess 
^ P ofomicrographs are typical of the reactions with catgut 
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Fig 2 — A, typical section of a silk suture claiming to ^nd 

serum proof At seven days a marked infiltration of 

can be seen between the fibers of silk This shows e ni e j„otI 

favors the retention and promotion of infecUon B, secUon at o prea'i'’'''^ 

type of silk suture clannmg to be serum proof and the fiher5 

of inflammatory cells within the structure of the suture and e 
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F.g 3-^, section of plastigut at se^en days showing the suture ^-^.ided 
by nonnal Ussue, with no evidence of inflammation in or around the suture B. 
section of plastigut at two weeks There is no reaction, no inflammation and no 
capillarity 







^ n inlccttiJ 

Fig 4 — section of plastigut six weeks after exposure ^ 

The guinea pig chewed off its skin suture, and the inasion la 

with wire the next day The infection which resulted has suture 

suture has healed in In spite of the marked infection suture 

has been no tendency whatever for inflammatory invasion into reaction 

fill? There is * 

no capillarity B, section of plastigut at slx montns 
inflammation and no capillarity 
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F.g 5-^, plasfgut at o„« 

infection within the suture from capillarity and suture remains 

m the surrounding tissues This Stmg the surroundmg normal 

a nonreacting foreign body without ^ 3 human being No 

tissues B, plastigut after Uvo ^ ob=cr%cd This confirms once 

inflammatory reaction and no capillarity can 
more the nonreacting character of the suture 
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large I frequently used the equivalent of no 2 double as a continuous 
suture, both in clean and m infected wounds Of 335 clean wounds, 
7 showed localized reactions from mechanical irritation, and some of 
these required a secondary procedure to remove the cause of the 
irritation 

These figures require further clarification m relation to changing 
technic (see table) 

It IS obvious that the teclinic in the second group (use of fine sizes 
and single thread) has ehmmated mechanical irritation almost to the 
point of extinction in clean wounds and has matenally reduced “stitch 
trouble” m infected or contaminated wounds I am convinced that this 
mechanical irritation arises from sutures of large bulk and from large 
knots All others healed by first intention and have apparently 
remained healed Since I have adopted single threads and small sizes 
up to size 0, whether continuous or interrupted, healing has been 
primary m all but 1 case 


Results zvith Plastigut 


stitch 


Infected 
or Oon 


Stitch 


PIrst Group 

Continuous no 2 plastigut, 
double or single 
Second Group 

Continuous or interrupted 
no 0000 to no 0 plastigut, 
single 


Clean or Sinus t^lnated ^Slnus p 

Wounds Trouble Percentage Wounds Trouble 


106 


280 


67 


0 436 


21 


60 


10 


476 


1800 


In a three year experience with plastigut I have 
all the complications that are possible with the suture ^ certain 
tried to analyze my experiences and am now convince t a 
technic should accompany its use I am impressed by one o 
— that continuous sutures within the peritoneal cavity can e 
impunity I have observed no intrapentoneal comp ica 'f lien-’ 

use of the continuous suture m either clean or infecte 
are no objections, however, to the use of mterrupte m^ j-ontinnou^’ 
sutures For clean wounds, extrapentoneal sutures may pj.gferabk 
or interrupted Generally speaking, interrupted evidc’*-*' 

The incisions heal promptly by pnmary the pen<^ 

of reaction, and the skin and underlying tissues 
of healing remain pliable For infected wounds and iccatien 

interrupted suture technic is compulsory fpchme 


interrupted suture technic is compuisuiy ^ technic 

I am convinced that the advocates of the Halste ;vouinh’ 

now find an almost ideal material in plastigut without tl'- 

there is a definite tendency for the infection to o ^ 
spreading infection I so frequently observed wit ca 
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rupted loops of plastigut will become luobened when uprooted by a 
slough and in most cases will be cast off with the slough Occa- 
sionally It may be necessary to use a hook for a loop that has become 
loosened but not cast off Those sutures which have become buned 
in viable tissues remain buried and cause no trouble I am convinced 
that no sizes above no 0 or, at most, no 1 should be used and that all 
strands should be used single The most useful range of sizes in my 
work has been between no 0000 and no 00 The strands are tough, 
they have a substantial ‘ffeeh' equal to that of catgut and supenor to 
the limpness of fine silk Those who are advocates of the Halsted 
silk technic will find an improved substitute in a relatively heavier, 
relatively stronger, nonreacting, nonabsorbable suture that has all the 
advantages of silk without its disadvantages 

Dunng the period of its development plastigut was supplied to a 
limited number of well known surgeons for clinical trial All responses 
to a questionnaire after clinical trial were eminently and unanimously 
favorable to plastigut 

My convictions are based primarily on clinical application and 
results and are further supported by considerable experimental and 
microscopic evidence of the general utility and nonreacting quahties 
of the new suture 

summary 

The choice of a suture should depend on a study of chnical and 
microscopic effects on wound healing 

Sutures should be classified as reacting and nonreacting 

Five principal factors have been enumerated in the production of a 
reacting effect In the light of this study, all sutures m current use 
are inherently reacting foreign bodies 

A nonreacting foreign body will induce little or no inflammatory 
or irritating reaction 

The ideal properties in a suture are postulated 

Plastigut, a new suture, closely incorporates the ideal properties 
of a universal suture 

Plastigut is a nonreacting, nonabsorbable, noncapillary suture in 
which the essential components are synthetic plastics 

Extensive experimental and clinical studies have, in m}'” opinion 
^nd in that of others, verified the claims for plastigut 

The technic with plastigut is described 

Plastigut represents a suture based on a newly emphasized principle 
of a nonreacting foreign body 

Plasbgut IS obtainable from the Plastigut Foundation 428 Jefferson Building, 
Peona, HI 

The onginal work was performed in collaboration with Dr Andrew C Iv>, 
Professor of Physiology, Northwestern Uni\ersity 



RECURRENCE OF INFECTION AFTER ELECTIVE 
OPERATIONS IN CASES OF HEALED SUP- 
PURATION IN BONES AND JOINTS 

J B DAVIS, MD 

PORTLAND, ORE 


Elective operative procedures in cases of healed suppuration in bones 
and joints are frequent in the practice of the orthopedic surgeon The 
frequency with which osteomyelitis or suppurative arthritis recurs as a 
result of common, everyday trauma is only too well known Operative 
trauma, such as that associated with arthrodesis, arthroplasty or oste- 
otomy, is httle difterent from closed external trauma One should, 


therefore, expect some recurrence of infection in healed suppurative 
lesions of bones and joints in the event of operation Actually, sudi 


recurrent infection has been observed for a number of years, and the 
frequency with which suppuration recurs was the impetus for this 
analysis According to Wilensky,^ destruction of trabeculae and sub- 


sequent hemorrhagic exudate result in an area of decreased resistance 


that can readily become infected with any available bacteria The 
latency of osseous mfection is a common disturbing factor, and there 
are frequently available bacteria in the operative area to produce the 
recurrent infection Fraser ^ and others have cited instances of Ion? 
delayed recurrence of mfection In 1 case a bone abscess remained 
closed for thirty-eight years I have observed 1 case m which a closed 
bone abscess remained quiescent for four years and was discovered onl\ 
during an elective osteotomy 

The material contained in this report was obtained from the servi 
of Dr Artliur Steindler, of the University of Iowa The sene 
analyzed consists of all the operations on healed suppurative 
bones and joints that have been done in this clinic up to January 
A total of 215 operations was reviewed and serves as a basis or 
•conclusions to be drawn from this analysis These procedures are dn i 
first, into an etiologic classification consisting of (1) operatioi ^ 
gonorrheal arthritis, (2) operations for suppurative arthriti , 
operations for hematogenous osteomyelitis, and (d-) operat 


From the Department of Orthopedic Surgery (service of Dr 
the State Umversity of Iowa Hospitals ^ „ Conir*^'^ 

1 Wilensky, A O Osteomyelitis, New York, The Hacimll 

1934 j 9^ * 

2 Fraser, J Acute Osteomyelitis, Brit M J 2 605-610 (Oct } 
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traumatic osteoni}elitis Suppurative arthntib needs a little defining in 
that under this heading are included only cases of articular involvement 
in which there was no osseous involvement It is classified in this way 
because suppurative arthritis with regional osteomyelitis has all the 
characteristics of regular osteomyelitis Likewise, the term traumatic 
osteomyelitis needs to be clarified, since under this heading are included 
only tliose cases in which the infection resulted from compound wounds 
of bone 

The cases w^ere next divided into two classes depending on whether 
operation was performed immediately through the area of the previous 
suppuration or near it but not through it This distinction is of con- 
siderable importance, as will be shown later No attempt was made 
to correlate the type of operation with the recurrence of infection, smce 
no case was accepted for analysis in which the operation did not con- 
stitute a major traumatic event to the bone The most common 
procedures were arthroplasty, arthrodesis, osteotomy and bone graft 
The cases were investigated from the standpoint of duration of activity 
of the infectious process, number of years the infectious process had 
been quiescent, age, sex, roentgen appearance and bacteria when 
available 

GONORRHEAL ARTHRITIS 

This condibon is included in this analysis because it is on occasion 
assoaated with frank suppuration in joints and because the causative 
organism is a notonously good pus producer in other locations The 

Table 1 — Gonorrheal Arthritis 

. Average Tears Average Tears 

Average Age Tears Process Process Years Process Process 

Years Active Active Quiescent Quiescent Recurrence 

26 0115 0 0 0 5-14 3^ ^one 


patients were 7 men and 20 women Twentv-seven cases were 
reviewed The location of the process was as follows knee, 14 cases , 
hip, 3 cases, hand, 1 case, elbow, 6 cases, foot, 3 cases One patient 
m this group had a typical postoperative wound infection with Staphy- 
lococcus albus, but as such it did not represent a recurrence of the 
original infection All the operations were done directly into the old 
healed articular areas, and all included work on bone , yet, m spite 
of this and the fact that in some instances the areas had been healed for 
only SIX months, there still were no recurrences of infection From 
this series it would appear that healed gonorrheal joints can be operated 
on With little, if any, danger of recurrence and at almost any time the 
Operator desires 
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SUPPURATIVE arthritis 

This group includes all cases of healed purulent articular infection 
without associated osteomyelitis Eighty-three cases were reviewed, and 
in instances the operation was performed through the previously 
involved joint, while in 35 instances the operation was performed near 
but not through the previously involved joint 

The statistics on the exactly located operations, after which infection 
did not recur, are as follows cases, 42, male patients, 18, female 
patients, 24 Location knee, 24 cases, hip, 12 cases, elbow, 6 cases 
The statistics on the exactly located operations after which infection 
did recur are as follows cases, 6 , male patients, 4 , female patients, 2 
Location hips, 3 cases , knee, 3 cases 


Table 2 Nonrecurrent Suppurative Arthritis in Operative Area 


Age, Tears 

Average Age, 
Tears 

Tears Process 
Active 

Average Tears 
Process 
Active 

Tears Process 
Quiescent 

Average Years 
Process 
Quiescent 

3 40 

21 7 

014 

06 

0 5-24 

4 

Table 

2 — Recurrent Suppurative Arthritis 

in Operative 

Area 

Age, Tears 

Average Age, 
Tears 

Tears Process 
Active 

Average Tears 
Process 
Active 

Tears Process 
Quiescent 

Average Years 
process 
Quiescent 

17 60 

30 

Oil 

06 

1 30 

Over 11 


There is little difference between the general statistics in these two 
series The quiescent period was longer m cases of recurrent than m 
those of nonrecurrent infection This bears out the contention that t ic 
time of quiescence is not the important factor in recurrence of 
m healed suppurative arthritis when it is operated on This fact 
been previously pointed out by Steindler ® The contrast of the 6 case^ 
of recurrence to the total of 48 cases gives a recurrence rate of 1 
cent The recurrent bacterium in this series was the staphylococcus^^i^ 
all but 1 case, in which it was the streptococcus The duration o 
recurrent infection varied from three-tenths year to eleven 
an average of three and five-tenths years This, then, constitutes 
plication to be avoided when possible The percentage of re ^ ^ 

in this series corresponds closely to that reported by hlalloc 


3 Steindler, A Orthopedic Operations, Springfield, HI , Charici 

Publisher, 1940 arJ 

4 Hallock, H Study and End Results of Seventy Art (Ja--) 

Reconstruction Operations on Hip Joint, Surg, Gjnec &. Obst 6» 
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cases in 20 operations, in 1 of these the mtcctiun had been quiescent for 
five years and showed a Staph aureus on culture at the time of operation 
The statistics on operations done, ncai liealed suppurative joints in 
which the infection did not recur are as follows cases, 32, male patients, 
23, female patients, 9 Location hips, 23 cases, knee, 9 cases 

Table 4 — Nonrecurrent Suppurative Arthritis hear Operative Area 

Average Tears Average Tears 

. Average Vge Tears Process P^oce«s Tears Process Process 

Age, Tears loars Actho Active Quiescent Quiescent 

32 0 1 10 2 0 4-30 15 


Table 5 — Recurrent Suppurative Arthritis Near Operative Area 


Average Tears Average Tears 

Average Age Tears Process Process Tears Process Process 
Ago Tears Tears Active Active Quiescent Quiescent 

1^18 10 0 8^ 14 1 16 6 


Table 6 — Nonrecurrent Hematogenous Osteomyelitis tn Operative Area 


Average Tears Average Tears 

Average Age Tears Process Process Tears Process Process 
Age, Tears Tears Active Active Quiescent Quiescent 

1*6-47 16 0^ 6 1 1 30 6 4 


Table 7 — Recurrent Hematogenous Osieoniyelitis in Operative Area 


Average Tears Average Tears 


Age Tears 

Average Age 
Tears 

Tears Process 
Active 

Process 

Active 

Tears Process 
Quiescent 

Process 

Quiescent 

10-61 

21 

010 

L6 

1 9 

25 


The statistics on operations done near to healed suppurative joints 
in which the infection did recur are as follows cases, 3, male patients, 
2 , female patients, 1 Location hips m all cases 

The percentage of recurrence of infection m these suppurative joints 
operated on near but not through the previous involved area is, then, 
8 per cent The time required for the secondary healing varied from 
three-tenths year to one year This group of operations performed near 
areas of previous infection, contrasted to the exactly located operations, 
shows a slightly less frequency of recurrence but a much shorter period 
of secondary healing time 
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HEMATOGENOUS OSTEOMYELITIS 

Seventy-six operations were analyzed m this group , of these, 35 were 
performed in the previously involved area and as such are classified as 
exactly located operations, while 41 were performed near the involved 
area but not through it and as such are classified as neighbonng 
operations 

The statistics on the exactly located operations after which the 
infection did not recur are cases, 19, male patients, 12, female 
patients, 7 Location hip, 9 cases , knee, 4 cases , tibia, 3 cases , femur, 
1 case, wrist, 1 case, tarsus, 1 case 

The statistics on the exactly located operations after which tlie 
infection did recur are cases, 16, male patients, 7, female patients, 9 
Location hip, 6 cases, knee, 3 cases, tibia, 3 cases, femur, 2 cases, 
ankle, 1 case, astragalus, 1 case 

The analysis of these two sets of statistics shows little variance The 
quiescent period was longer in cases of recurrent than m cases of noii- 

Table 8 — Nonrecurrent Hematogenous Osteomyelitis Near Operative Area 

Average Tears 

Average Age, Tears Process Process Tears Process 

Tears Active Active Quiescent Quiesccin. 

18 01-14 2 0 5-33 ® 


Age, Tears 
2-48 


recurrent infection, but there were periods as long as nine years 
quiescence followed by recurrence, which again bears out the con 
that time alone cannot be used as a criterion for elective operatne 
vention m cases of healed osteomyelitis The recurrences were 
preponderantly staphylococcic, with only 1 instance of 
tion The recurrent complications lasted from two-tenths year 
years, with an average of two and nine-tenths years ^.gut 

these two groups gives a rate of recurrence of infection of 
for operations at the site of previously healed osteomyehfis ^ 

The statistics on the operations done near areas of ca 
myehtis that did not recur are cases, 40, male patients, ^ 
patients, 23 Location hip, 33 cases, tibia, 3 cases, nee, 
tarsus, 1 case , gj m a 

There was only 1 case of recurrence in the operations P^^^ olJ 
neighboring area of this group, and this occurred m a 


man 


e 


uiiiig cticd. ui Liiis gruup, aiiu j quie^'-'-' 

The infection had been active for tsventy 1 ca- 

for SIX months , it recurred for eighteen months Con ras a 
with the 40 cases in which infection did not recur s j.ggurm’*^'^ 

of 2 5 per cent This is in marked contrast to 46 poi" , ,„w)I 

when the operation was earned out ihrough the pf*^' 


I\ iin 
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area, Steindlcr has previously called itt(ntif)n to this low frequency 
of recurrence of osteomyelitis when the oj^eration is carried out away 
from the area of healed osteomyelitis 

TRATjMATIC 0STL()M\ I I ITIS 

In all of the cases m this group operation was done through the 
previously osteomyelitic area and so tall into two groups first, those in 
which the mtcction recurred and, second, those in which it did not 
First group (recurrences) cases, 8, male patients, 6, female 
patients, 2 Location tibia, 6 cases, ankle, 1 case, femur, 1 case 
Second group (nonrecurrent infections ) cases, 21 , male patients, 
14, female patients, 7 Location forearm, 8 cases, tibia, 7 cases, 
humerus, 4 cases , tarsus, 1 case , fibula, 1 case 

Table 9 — Recurrent Traumatic Osteomyelitis in Operative Area 


Average Tears Average Tears 

Average Ago Tears Process Process Tears Process Process 
Years Active Active Quiescent Quiescent 

28 0J2-4 1 2 0 4-9 2 4 


Age, Years 
6o3 


Table 10 — Nonrecurrent Traumatic Osteomyelitis vi Operative Area 


Average Tears Average Tears 

Average Age, Tears Process Process Tears Process Process 
Age "iears Years Active Active Quiescent Quiescent 


C-o3 24 OB-4 11 ^ ® 


The contrast of these two groups shows little variance in the general 
statistics There was a 28 per cent recurrence of infection The secon- 
dary recurrent complication lasted from three-tenths year to sue years, 
with an average of two years Here, as m the previous groups, the time 
of quiescence is not related to the recurrence This has been emphasized 
•jy Watson-Jones,“ who recommended a six month quiescent period before 

Operation 

ROENTGEN APPEARANCE 

Roentgenograms were investigated in an effort to determine criteria 
that would indicate recurrence of infection in the event of opierative 
trauma at the site of previous suppuration in bones and joints Wlien 
all of the cases m which bone was involved were removed from the group 
of cases of suppurative arthritis, there was a group of 1 1 cases of true 
suppurative arthritis m which there ^\as roentgen evidence of suppura- 

S Watson-Joncs, R. Fractures and Other Bone and Joint Injuries, Balti- 
more, Williams &. Wilkins Company, 1940 
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tion confined to the joints alone and m which there was no recurrent 
infection Figure 1 shows an example of this condition This is m 
harmony with the finding of the low percentage of recurrence of infection 
in cases of suppurative arthritis m the general statistics The discrepancy 
between the number of cases studied by roentgenograms and those 
studied by case histones is due to the fact that the roentgenograms were 
available for only ten years, while the histones were available for 

twenty-five 



I “ 

Fig 1 — Roentgenogram m a case of pure ^ confined to the 

evidence of involvement of bone, and all destruction as 

The most imminent problem concerns the of roentg'-'^ 

ate on an area of healed osteomyelitis There are a ObvioP^'’ 

findings that are evidence of infectious involvemen jicutc boH'- 

no cases were seen m this group of osteomyelitis in uu’ 

destruction of acute osteomyehtis was present, u ^^j^jg^iograms 
evidence of healed or healing osteomyelitis arrangement 

investigated from the standpoint of sequestrums^ increased tl'-'*"' 
beculation and density The amount of sc erosi 
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always directly proportional to the immaturity of the trabeculae 
The appearance of normal trabeculae is evidence of the fact that the 
original involucrum or osteoblastic apposed bone has been reworked 
into normal bone through the demands of stress and strain Seques- 
trums, no matter how small, must be interpreted as evidence of infection, 
since a sequestrum is either surrounded by pus, in which event it per- 
sists indefinitely, or it is surrounded by granulation tissue, in which 
event it is being slowly absorbed The rate of absorption is relative 
to the size of the sequestrum, the blood supply and the density of the 
surrounding bone Close examination of roentgenograms of areas of 
healed osteomyelitis, particularly with a magnifying lens, will often dis- 
close sequestrums that are not observed on a less detailed search A 
small sequestrum has the same appearance as a larger one, namely, an 
^ca of increased density surrounded by an area of porosis, the whole 
being surrounded by dense bone The inner dense body is the seques- 
trum, and the porotic area represents the pus or granulation The whole 
IS surrounded by sclerotic bone 

There were 14 cases of healed osteomyelitis in which operation was 
performed through the site of the previous infection and in which roent- 
genograms were available for study These 14 cases fell into three 
classifications when the sequestrums, trabeculations, density and recur- 
rence of infection were considered 

Group I (fig- 2) — Four cases, m which there were normal trabecula- 
hons, normal density, no sequestrums and no recurrence of infection 

Group II (fig 3)_Five cases, in which there were abnormal 
trabeculations, increased density, no sequestrums, and recurrence of 
infection in 60 per cent 

Group III (fig 4) — Five cases, in which there were abnormal tra- 
beculations, increased density, the presence of sequestrums and recur- 
rence of infection in 100 per cent 

Prom these groups it is then seen that the presence of sequestrums 
in the operative field is indicative of recurrent infection Abnormal 
trabeculations, the characteristic of the second group, must be considered 
^ a danger sign, since in 60 per cent of this group infection recurred 
The normal-appearing bone in the first group represents areas of healed 
osteomyelitis that can be operated on without recurrence of infection 
It then appears that the more nearly the osteomyelitic bone has recon- 
structed itself to normal, the less chance is there of recurrence of 
infection 

Roentgenograms in 14 cases of healed traumatic osteomyelitis were 
also investigated, but it was impossible to form a correlation between 
die roentgen appearance and the recurrence of infection 
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Fig 2 — A, roentgenogram of a knee that was operated on tlirough the supra- 
condylar area This is an example of group I in the roentgen classification of 
healed osteomyelitis This is the type that does not recur and is characterized 
by normal trabeculation, no sequestrums and normal density The enlargement 
(B) shows the characteristics in detail 



Fig 3 — A^ roentgenogram of healed osteomyelitis in a 
the hip jomt area It is an example of group II m the roentgen 
healed osteomyelitis This group is charactenzed by abnorma ^ 

no sequestrums and sclerosis with recurrence m 60 per cen i 

enlargement of the joint surface (B) shows the abnormal tra c 
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CONCLUSIO^S 

1 Gonorrheal arthritis, once it is healed, docs not recur after opera- 
tive trauma Subsidence of the acute infection and return to the normal 
afebrile state for six months should be a sufficient interval 

2 Pure suppurative arthritis, when healed, recurs m only 13 per 
cent of cases when operation is performed through the previously 
involved area 



Fig 4—^, roentgenogram showing healed osteomyelitis of the tibia and 
ankle In this case operation was done m the ankle area It is an example of 
group III in the roentgen classification, that is, the group characterized b> 
abnormal trabeculation, sclerosis, sequestrums and recurrence in all c^scs The 
enlargement (B) shows the numerous small sequestrums indicatne of recurrent 
infection 


3 Hematogenous osteomyelitis, when operation is performed throUj^h 
the previously involved area, recurs in 46 per cent of cases 

4 Operations carried out near but not through an area of previous 
osteoiH} ehtis or suppurative arthritis carr} a ^e^} low frequency ot 
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recurrence of the infection This was 2 5 per cent for osteomyelitis 
and 8 per cent for suppurative arthntis in the present study 

5 The time for which the infectious process has been quiescent has 
no relation to the recurrence of infection 

6 By careful analysis of the roentgen appearance of healed osteo- 
myelitis it IS possible to anticipate which infections will recur in the 
event of surgical intervention 

7 The complication of recurrence is a major affair and should be 
avoided whenever possible 



RECURRENT INGUIN \L HERNIAS 

A STUDY OF TWO HUNDRED AND EIGHTY-TWO HERNIAS AND 
TWO HUNDRED AND SIXTY-EIGHT REPAIRS 

HAROLD J SHELLEY, MD 

FORT WORTH, TEXAS 

This study covered 2S2 recurrent inguinal hernias, ot which 268 were 
repaired ^ Included were all hernias of this tvpe in patients admitted 
to the wards of St Luke’s Hospital, New York, from 1926 to 1935 and 
all repaired between 1916 and 1925 and followed postoperatively for 
Dine months or longer They comprised 64 per cent of all hermas for 
these two periods and 7 7 per cent of the total inguinal hernias 

Of the 268 hernia repairs, 210 were observed postoperatively for 
nine months or longer (the average follow-up time was thirty-eight and 
four-tenths months) Among these were found 39 recurrences, giving 
an incidence of recurrence of 18 6 per cent The average postoperative 
time after which these recurrences were first noted was nineteen and 
six-tenths months Only 3 (7 7 per cent) of these recurrences were 
indirect, and 36 (92 3 per cent) were direct 


ETIOLOGIC FACTORS 

Age at O'iiset {Age at which Henna was First Noted) This was 
necessarily determined by the ages of the patients when their hernias 
were first repaired and the elapsed time behveen repair and the time at 
which the recurrences were first noted Consequently, a table giving the 
various age incidences was not considered to be of any particular value 
Indirect Ingpiinal Recurrences The average age of the patients when 
the indirect recurrences were first noted was 36 7 years, as compared 
with 30 9 years for patients with primary incomplete indirect inguinal 
hernias ni and 9 years for patients with complete indirect inguinal 

hernias 


Erom the Surgical Services of St Luke^s Hospital 

1 All references to types of hernias other than recurrent inguinal hernias are 
from the following papers published by me (a) Incomplete Indirect Inguinal 
Hernias A Study of 2,462 Hernias and 2,337 Repairs, Arch Surg 41 747-771 
(Sept) 1940, (6) Complete Indirect Inguinal Hernias A Study of 30 d Hernias 
Repairs, South Surgeon 9 257-268 (April) 1940, (c) Direct Irguii^ Hernias 
A Study of 605 Hernias and 565 Repairs, Arch Surg 41 857-87- ^ 

id) Femoral Hernias A Study of 238 Hermas and 226 Repairs, ibid. 41 1229-1243 
(Not ) 1940, (c) Ventral Hermas A Study of 550 Hermas and 4o8 Repairs, 
South Surgeon 9 617-656 (Sept ) 1940 
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Direct Inguinal Recurrences The average age at which the direct 
recurrences were first noted was 42 8 years This age is t^vo }ears 
greater than the average age, 40 8 years, at which primary direct inguinal 
hernias were first noted, but it is less than the average age, 43 7 years, 
at which the primary repairs were performed The reasons for this 


Table 1 — Indirect Inguinal Recurrences Age at Time of Admission or Operation 






Number 

Number 





Per Cent of 

Eollowed 

of 

Per Cent 


Total 

Entire Group 

Postopera 

Recur 

Recurrences 

Age Group (iTears) 

Hernias 





f 


— \ tivejy 

rences ^ 



0 to 10 

1 

08 

39 

1 

1 

100 0 

i 1000 

10 to 20 

4 

3 1 


2 

2 

100 0 J 

I 

20 to SO 

33 

25 8 ' 

4S 4 

26 

2 

77 ] 
( 

1 104 

30 to 40 

29 

226 J 


22 

3 

13 0 j 


40 to 60 

29 

22 6 1 


20 

2 

10 0 





L 42 9 



53 . 

i i 

50 to 60 

26 

20 3 J 


19 

1 

00 

60 to 70 

6 

4 7 

47 

5 

0 

00 

Totals 

128 

100 0 

100 0 

95 

11 

no 

no 


The average age of the patients at time of admission or operation for Indirect ingntoa 
recurrences was 39 6 years 


Table 2 — Direct Inguinal Recurrences Age at Tune of Admission or Opcfo 


Total 

Age Group (Tears) Hernias 
0 to 10 0 

10 to 20 0 

20 to 30 11 

30 to 40 38 

40 to 60 55 

50 to 60 35 

60 to 70 34 

70 to 80 1 

Totals 154 


Per Cent of 
Entire Group 


Number Number 
Pollowed of 
Postopera Recur 
tJveJy rences 


Per Cent 

Recurrent 3 


00 

00 
7 1 

24 2 
35^ 

22 6 
90 

07 
100 0 


00 


SL3 


681 


97 


100 0 


SO 

42 

27 

6 

1 

115 


5 

12 

7 

2 

0 

28 


22 2 

10 7 
280 

25^ 

333 

00 
2i 4 


ISO 


27i 


21 I 


Tbo rerage age at the time of admission or operation for direct intu 
45 4 years 

are 1 A considerable number of direct recurrences 
of indirect hernias and indirect recurrences 2 Not 
in the older patients were repaired 


Age at Tune of Admission or Operation- Indirect Ing 


Ketur 


rences The averasre aee at the time 


of operation for these , 


39 6 years This compared with 34 8 years for Ti 

herruas and 16 2 years for complete indirect inguina le 20 t. A* 
incidences ^\ere distributed fairly evenly m the deca 
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vears, ranging from 25 8 to 20 3 per cc n In all 3 repairs on patients 
under 20 years of age which were follow < 1 for nine months or longer, 
recurrences developed This might ind o tie that not suffiaent impor- 
tance was attributed to this condition m \oung patients and that con- 
sequently inadequate repairs were done Recurrences developed in 
10 4 per cent of patients between the age^ of 20 and 40 and in 7 7 per 
cent between 40 and 60 years This difference might also be due to the 
reason just suggested 

Direct Inguinal Recurrences The average age at the time of admis- 
sion or operation for direct recurrences was 45 4 years This was one 
and seven-tenths years greater than the corresponding figure for primary 


Table 3 — Indirect Inguinal Recurrences Sex Incidence 


Sox 

Total 

Hernias 

Per Cent 
of Entire 
Group 

Number 

PoUowed 

Post 

operatively 

Number 

of 

Becurrenccs 

Per Cent 
Recurrences 

Male 

115 

S98 

84 

U 

124 

Female 

13 

10 2 

11 

0 

00 

Totals 

128 

100 0 

Oo 

11 

110 


Table 4 — Direct Inguinal Recurrences Sex Incidence 


Sex 

Total 

Hernias 

Per Cent 
of Entire 
Group 

Number 

PoUowed 

Post 

operatively 

Number 

of 

Recurrences 

Per Cent 
Recurrences 

Male 

14o 

943 

103 

20 

241 

Female 

9 

67 

7 

2 

280 

Totals 

164 

100 0 

U5 

28 

24 4 


direct inguinal hernias, 43 7 years, and five and eight-tenths years 
greater than that for indirect inguinal recurrences, 39 6 years 

No repairs were done on patients under 20 years of age Thirty-one 
and three-tenths per cent of the patients were between 20 and 40, 58 1 
per cent behveen 40 and 60 and 9 7 per cent between 60 and 80 The 
recurrence inadence showed an increase with the patients’ ages at the 
hme of operation, as follows up to 20, no repair , 20 to 40, 18 per cent , 
40 to 60, 27 5 per cent, and 60 to 80, 28 6 per cent 

Sex — Indirect Inguinal Recurrences The sex incidence among 
patients with indirect inguinal recurrences, males 89 8 per cent and 
females 10 2 per cent, was essentially the same as that found m patients 
entenng the hospital during the same period for original repairs of 
incomplete indirect inguinal hernias, males 88 7 per cent and females 
113 per cent The number of females in this group was too small for 
die absence of recurrences to have any definite significance 
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Direct Inguinal Recurrences The percentage of males m this group, 
94 3 per cent, was slightly less than in the group with primary direct 
inguinal hernias, 96 9 per cent The percentage of recurrences was 
practically the same in male and female patients, 24 1 per cent for males 
and 28 6 per cent for females, after repair of direct mguinal recurrences, 
as contrasted to 15 2 per cent for males and 5 5 per cent for females after 
repair of primary direct inguinal hernias 

Race — Indirect Inguinal Recurrences As with the race incidence 
among the admissions for primary repairs of incomplete indirect inguinal 
hernias, that for indirect inguinal recurrences, white 93 8 per cent and 
Negro 6 2 per cent, checked with the racial incidence of general admis- 
sions to the hospital 


Table S — Indvect Ingiuml Recurtences Race 


Race 

Total 

Hernias 

Per Cent 
of Entire 
Group 

Number 

PoUowed 

Fost- 

operatlvely 

Number 

of 

Recurrences 

Per Cent 

Rccurrencti 

White 

120 

93 8 

91 

H 

12.1 

00 

Negro 

8 

62 

4 

0 


Totals 

128 

100 0 

95 

11 

no 


Table 6 — Direct Inguinal Recurrences Race 


Ruce 

mite 
Negro 

Totals 

Direct Inguinal Recurrences The preponderance of white 
in this group, 98 1 per cent, was greater than that foun in ^ 
either primary direct inguinal hernias, 94 7 per cent, or m irec 

recurrences, 93 8 per cent H ihu 

The numbers of Negro patients in both groups were too si 

absence of recurrences to have any particular significance 

Tu ficriires for nie i“'-* 

Ttanuia — Indirect Inguinal Recurrences Ine g ^ 

dence of a history of definite trauma as the etiologic the 

indirect inguinal recurrences (no such history m 73 pi-*' 

presence of such a history in 26 6 per cent) checked exac i 

responding figures for the primary incomplete indirect m 
As with repair of the latter type of hernias, the ''' 

following repair of indirect inguinal recurrences was contra'-*'-’' 

the history of a traumatic cause was given, 8 3 per cen , 


Total 

Hernias 


Per Cent 
of Entire 
Group 


Number 

PoUowed 

Post- 

operatively 


Number 

of 

Eccurrences 


per Ctnt 
Recurrew^^ 
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an incidence of 12 7 per cent when no such Instory was given (see foot- 
note to table 7) 

Direct Inguinal Recurrences The incidence of definite trauma given 
as the cause of the direct inguinal recurrences was one third less, 201 
per cent, than that for primary direct hernias, 314 per cent The recur- 
rence rate, 29 6 per cent, in the presence of a definite history of trauma 
was slightly greater than wdien such a history was absent, 22 7 per cent 


Table 7 — Indirect Inguinal Recurrences History of Definite Trauma as 

Etwlogic Factor* 


Hlatory of 
Trauma as Cause * 
Absent* 

Positive * 

Total 

Hernias 

01 

34 

Per Cent 
of Entire 
Group 

734 

26 6 

Number 

Followed 

Post- 

operatlvely 

71 

24 

Number 

of 

Eecurrencea 

0 

2 

Per Cent 
Hecurrences 

12*7 

8.3 

Totals 

128 

100 0 

05 

11 

11 6 


the major part of these hernias were present before the Incidence of 

this rnnnl? . scrved only to call the patients attention to the presence of the hernia In 

InimfnnTh ^ Interesting to note that among' the 305 complete (congenital) Indirect 

Per a history of definite trauma as the etiologic factor was given by 26 

Comniofn, T ir® patients who first noticed their hernias after the age of 16 (Shelley H J 
257 2(a [A ijj Inguinal Hernias A Study of 305 Hernias and Eepnlrs South, Surgeon 0 


Table 8 — Direct Inguinal Recurrences 


History of Definite Trauma as 


History of 
Trauma as Cause * 
Absent* 

Positive * 

Totals 


Etwlogic Factor* 




Number 




Per Cent 

Followed 

Number 


Total 

of Entire 

Post- 

of 

Per Cent 

Hernias 

Group 

operatively 

Hecurrences 

Hecurrences 

123 

79J 

83 

20 

227 

31 

20 1 

27 

8 

200 

154 

1000 

U6 

28 

24 4 


the ^^^^^^^btedly all or a major part of these hernias were present before the Incidence of 
thli n which served only to call the patients attention to the presence of the hernia In 
it Is interesting to note that among the 305 complete (congenital) Indirect 
per^^ hernias studied, a history of definite trauma as the etiologic factor was given by 20 
Corner T patients who first noted their hernias after the age of 15 (Shelley H J 

? Ihdirect Inguinal Hernias A Study of 305 Hernias and fiepalrs, South Surgeon 0: 

-JOd lAprllj 1040) 


This IS in contrast to lower recurrence rates when a history of traumatic 
causation was given with the pnmary indirect and direct and recurrent 
indirect inguinal hernias (see footnote to table 8) 


SYMPTOMS 

Pam — Indirect Inguinal Recurrences A history of the association 
of pain with these recurrent hernias was somewhat higher, 60 1 per cent, 
than that given for the primary incomplete indirect inguinal hernias, 49 7 
per cent 

Direct Inguinal Recurrences Essentially the same proportion of the 
direct recurrences were the cause of pain, 49 3 per cent, as was the case 
With pninar}'’ direct inguinal hernias, 52 2 per cent 



Rcu.runas Ilulory „/ P„„, „„„ 


Ulatorj of Tain 


Absent 

I'OSlthi 

'lotaLj 


Total Hernias 

Per Cent 
of Entire Group 

51 

77 

394) 

601 

12S 

100 0 


Dutct Ingumal R^curmiccs History of Pam Associated with Henna 


History of Pain 


Vbbent 
Pobitl; e 

'lotals 


'iotal Hernias 

73 

70 


I5I 


Per Cent 
of Entire Group 

507 
49 3 

100 0 


Tadle 11 Indirect Inguinal Recurrences Duration (Time Hernia Was First 
Noted to Tittle of Admission or Operation) 


Duration 

To 1 week 
To 1 month 

Eirst 0 months 
Second o months 

To 1 year 

0 to 6 years 
6 to 10 years 

0 to 10 years 
10 to 20 years 
20 to SO years 
30 to 40 years 
40 to 50 years 

Totals 


Total 

Per Cent 

dumber 

EolIoA\ed 

2^umher 


of Entire 

Post 

of 

PerCe 

Hernias 

Grou]) 

operathely 

Eecurrences 

Eecurrei 

11 

SO 

5 

0 

00 

25 

19 5 

16 

2 

m 

63 

45 3 

42 

7 

16 7 

J1 

13 7 

IS 

2 

111 

S2 

04 1 

60 

9 

150 

107 

SJO 

SI 

9 

UJ 

12 

94 

7 

0 

00 

119 

922) 

ss 

9 

10.2 

0 

4 7 

4 

2 

500 

2 

10 

2 

0 

00 

0 

1 

00 

03 

1 

0 

00 

— 

■ 





— 

123 

100 0 

95 

11 

1L6 


operatIon7^f'fnfiir^f^^^^ (elapsed period from the time the hernia was first noted to time 
upLration; of indirect Inguinal recurrences was 2 9 years 

Table 12 Direct Inguinal Recurrences Duration (Tune Hernia IVcs First 
Hated to Tune of Admission or Operation) 


Duration 

To 1 week 
To 1 month 

EIrst 6 months 
Second 6 months 

To 1 year 

0 to 6 years 
6 to 10 years 

0 to 10 years 
10 to 20 years 
20 to SO years 
SO to 40 years 

Totals 




Number 



Per Cent 

EoUowed 

Numt 

Total 

of Entire 

Post- 

of 

Hernias 

Group 

operatively 

Recurre] 

8 

62 

7 

2 

20 

10 9 

21 

7 

56 

804 

46 

13 

24 

16 6 

17 

0 

80 

62 0 

63 

13 

127 

825 

95 

23 

12 

78 

9 

3 

1S9 

903 

104 

26 

13 

86 

10 

2 

1 

07 

0 

/I 

1 

07 

1 

u 

154 

100 0 

116 

28 


Per Ceat 
Becurrenc^ 

23.6 

33.3 

296 

00 

206 

24.2 

33.3 

2j0 
20 0 

00 

24 4 


of a^IssTon^or (elapsed period from the time the recurrence i 

operation) of direct Inguinal recurrences was 2 6 years 


first noted to 
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Duration — Indirect Inguinal Recurrence The average elapsed time 
from the discovery of these recurrences to iIk time of operation was two 
and nine-tenths years as compared with time and nine-tenths years for 
the primary incomplete indirect inguinal hernias 

Direct Inguinal Hernias The average duration of the direct recur- 
rences was two and six-tenths ^ ears as compared with tAVO and nine- 
tenths years for the primary direct hernias 

Table 13 — Indirect Inguinal Recurrences Size 


^urabe^ Number 


size of 

Total 

Per Cent 
of Entire 

iolloued 

Postop 

of 

Hecur 

Per Cent 
Recur 

Operative 

Per Cent 

Hernia * 

Hernias 

Group 

eratlvely 

rcnces 

rcnces 

Deaths (1926-1935) 

Mortality 

Size I 

36 

23 1 

22 

1 

46 

0 In 31 operations 

00 

Size II 

47 

36 7 

33 

8 

2L2 

0 In 31 operations 

00 

blze HI 

45 

352 

35 

2 

57 

0 In 24 operations 

00 

lotals 

128 

100 0 

95 

11 

11 6 

0 In 86 operations 

00 


* Size I Hernias In "which the sao was limited In extent to the Inguinal canal 
Size II Hernias In which the sac extended beyond the external ring but not Into the 
scrotum 

Size HI Hernias In which the sac extended Into the scrotum 


Table 14 — Direct Inguinal Recurrences Stse 


Size of 
Hernia * 

Size I 
Size ir 
Size TIT 

Totals 




Number 

Number 


Per Cent 

Followed 

of 

Total 

of Entire 

Postop 

Recur 

Hernias 

Group 

eratlvely 

rences 

67 

37 0 

44 

7 

06 

429 

60 

IS 

31 

201 

21 

8 

154 

100 0 

116 

28 


Per Cent 

Hecur Operative 

rences Deaths (1920-1935) 

15 7 1 In 37 operations t 

26 0 0 In 37 operations 

33 1 1 In 13 operations t 


24 4 2 In 87 operations t 


Per Cent 
Mortality 

27 

00 

70 


2 ^ 


^ Size I Hernias In which the sac was limited to the Inguinal canid 

Hernias In which the sac extended beyond the external ring but not Into the 

Size HI Hernias In which the sac extended Into the scrotunu Tir,afnnnrntirpiv 

t The hernias were not strangulated In either of the 2 patients who dl p pc 


Size ir 

scrotum 


The numbers of followed repairs m the vanous durations of both 
types of recurrent hernias were too small to give any definite indications 
as to any effect the duration might have on the expectancy of recurrence 
after repair 

PHYSICAL FINDINGS 

Size — Indirect Inguinal Recurrences The incidences of the three 
sizes (see table 13 for definition of the sizes) of these hernias were 
essentially the same as with the primary hernias That the majority 
of the recurrences should have followed repair of hernias which extended 
beyond the external ring but not into the scrotum is not readily 
explained However, in such small groups of followed repairs the recur- 
**ence rates are not necessarily accurate 
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Direct Inguinal Recurrences The sac of the direct inguinal recurrent 
hernia entered the scrotum in a larger proportion of instances, 20 1 per 
cent, than was found to be the case with the primary direct hernias, 124 
per cent Apparently the sue of these recurrent hernias influenced the 
probability ot a second recurrence after repair, as follows sac limited 
to the inguinal canal, 15 7 per cent of recurrences, sac extending beyond 
the external ring but not into the scrotum, 26 per cent of recurrences, 
and scrotal hernias, 38 1 per cent of recurrences The same was found 
true with the primary indirect and direct hernias, but without as great 
a difference 


T^vdle 15 — Indirctt Ingumal Ri.curri.iiccs Unilateral and Bilateral* 




(A) 

Per Cent 

Eumber 

PoUowed 

dumber 

Per Cent 


Total 

ot Entire 

Post 

of 


Hurnlas 

Group 

operatively 

Recurrences 

Recurrencej 

Unliaterul, right 

43 

336 

33 

3 

9d 

9J. 

Unilateral, left 

10 

14S 

U 

1 

Total uailutcrui 

62 

43 5 

44 

4 

91 

13S 

Total bllattrul 

Gd 

515 

51 

7 

Total right 

77 

G02 

CO 

S 

13J 

S3 

Total left 

51 

39S 

35 

3 

1L6 

Totals 

US 

100 0 

(b; 

95 

11 


By original operation 

Two sides repaired soparotel> recurrences, 9 5^ 

Q^vo sides repaired at one operation recurrences, l3 3vo 

By this operation 

Two sides repaired separately recurrences, 16 6% ^ 

Two sides repaired at one operation recurrences, 5 3% 


Kecurrences indirect, 10 0%, direct, 90 0% 


(O) 


* Each hernia was counted individually Each Indirect 
one ot two bilateral Inguinal hernias when there was or 
any type on the opposite side 




Unilateral and Bilateral Hennas— AU tlie hernias 
considered individually A recurrent hernia was consi ere 
two bilateral hernias when another inguinal hernia o 
present at the same time, had been present previously or app 

on the opposite side hilateral hernias 

Indirect Inguinal Recurrences The incidence o 

in this group, 51 5 per cent, was definitely This ‘S 

original incomplete indirect inguinal hernias, 32 appro^®^*'^^^ 

readily understood, as the madence of recurrences hernias 

50 per cent greater after repair of the onginal bilatera i^^^ 
than after repair of the primary unilateral hernias per cent 

observed after repair of bilateral indirect the unilatctal 

recurrences as compared with 9 1 per cent recurrences 
hernias) 
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Recurrences The me. Icnce of bilateral hernias m 

27 7 ^ ? f ’ ?, ^ Howevei , the increased recurrence rate, 

was bilateral hernias and 20 per cent for unilateral hernias, 

direct ^ nite tian that observed alter repair of primary bilateral 

unilaterrrepmrs 


Table 16 Direct Inguinal Recurrences Unilateral and Bilateral* 


UnJjateral rlcht 
unilateral, left 
Total unilateral 
Total bUateraL 
Total right 
Total left 

Totals 


Total 

Hernias 

Per Cent 
of Entire 
Group 

Followed 

Post 

operatively 

Number 

of 

Recurrences 

Per Cent 
Recurrences 

41 

31 

72 

82 

82 

72 

266 

201 

40 8 

632 

532 

40,8 

28 

22 

50 

65 

01 

64 

0 

4 

10 

18 

16 

13 

214 

182 

200 

277 

24 0 

24 1 

154 

100 0 

115 

28 

24 4 


one of two^buSter^^nPMf^^i^ Individually Each direct inguinal recurrence was considered 
type on the opposite side there was or had been an inguinal hernia of any 

^ Inguinal Recurrences Incarceration and Strangulation 


Incarcerated 


Neither 
I^arcerated ^ 
ocranguJated 

Totals 


Number Number 


Total 

HemJas 

Per Cent 
of Entire 

Followed 
Pos top- 

of 

Recur 

Per Cent 
Recur 

Operative 

Per Cent 

Group 

era tlvely 

rences 

rences 

Deaths (mo-193o) 

Hortnlity 

110 

10 

* Q 

007 

87 

0 

10 3 

0 In 78 operations 

00 

78 

6 

2 

33,3 

0 in 0 operations 

00 

O 

2 3 

3 

0 

00 

0 In 2 operations 

00 

128 

100 0 

05 

11 

11 6 

0 In 86 operations 

00 


ranguJatlon developed In 1 old incarcerated hernia 
^ Tabl e 18 Direct Inguinal Recurrences 


Incarceration and Strangulation 


Incarcerated 

Strangulated 

Neither 

I^arcerated 

Strangulated 

Totals 


Total 
^ Hernias 

Per Cent 
of Entire 

Number 

Followed 

Postop- 

Number 

of 

Recur 

Per Cent 
Recur 

Operative 

Per Cent 

Group 

eratlvely 

rences 

rences 

Deaths (1020-1935) 

Mortality 

140 

9L1 

105 

24 

238 

2 in 70 operations 

20 

8 

# g* 

6 1 

6 

1 

10 7 

0 in 8 operations 

00 

0 

3,8 

4 

3 

76 0 

0 in 3 operations 

00 

154 

100 0 

115 

28 

24,4 

2 in 87 operations 

2,3 


^Iicn tiad strangulated hernias were not operated on, as they were moribund 

Sliced to the hospital Both died 

and Strangulation — Indirect Inguinal Recurrences 
Incidences of incarceration and strangulabon were slightly greater 
or t e recurrences, 7 8 and 2 3 per cent respectively, than for the 
rir^ry hernias, 6 and 1 8 per cent respectively 
, ^**^^*- Inguinal Recurrences This increase was even more marked 
direct recurrences, 5 1 and 3 8 per cent, as compared uitli 3 1 
^ 6 per cent for primai*}^ direct inguinal hernias 
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RLbULTb ACCORDING rO TU'C 01 REPAIR 

of thr^anonl sniall numbers of followed cases with each 

maccin Up YT i^'pairs, (he recurrence rates are undoubtedly 

Zr : , 20 for whatever 

nicy may be worth 


1 \ULL 19 ~/,ic/tuc< higuinal Recurrences Type of Repair 


'li iw of Bopjilr ' 


1 

2 

2A 

2B 

3 

4 

4A 

4B 

5 
0 


All repairs without fascial sutures 
^11 repairs with fascial sutures 

Totals 


Total 
1 ollouccl 

4 

CC 

10 

H 

3 
8 
G 

4 
0 
1 

01 
34 

95 




Per Cent 




Infections 

Per Cent 

Per Cent 


Showing 

Eecurrencea 

Pecur 

Per Cent 

Recur 

t — — — 



rcuLLS 

InfcLtlon^ t 

ruices t 

Indirect 

Direct 

250 

00 


00 

mo 

11 1 

2S 

00 

250 

750 

10 0 

00 


00 

100 0 

7 1 

42 8 

00 

00 

100 0 

333 

00 


00 

1000 

37 5 

12 5 

00 

00 

1000 

00 

00 




00 

00 




00 

00 




00 

00 




14 S 

40 

00 

111 

S8^ 

59 

17 0 

00 

00 

1000 

— - . 

- - - 

- . . 

— 

— — 

lie 

67 

00 

9S 

m 


l^De 2 PnnHi^^ ^transplantation of tho cord 

aponeurosis of thn ^^;?,^^P^^^ritatIon of the cord between the conjoined tendon and 

Tvne ox c ^ oblique muscle, 

ment with a ^vlth suture of the conjoined tendon and the Inguinal liga 

Tvee V H aponeurosis of the external oblique muscle 

ment with a fasciafs^nh?™ 7 suture of the conjoined tendon and the inguinal llga 

Type 3 Rprfi.^o f“sc'a ^ata , 

aponeurosis of tho transplantation of the cord between the overlapped layers of 

Tvne i r? oblique muscle , ,. 

external oblloue transplantation of the cord external to the aponeuroals ol 

Tyne 4 A ^ tPlthout overlapping of the aponeurosis , , „ 

ment with a faseini''cnH^ suture of the conjoined tendon to the Ingulna B 

Tyne 4Tt Oo from the aponeurosis of the external oblique muscle 

ment with a faselni^EiTP^ f* suture of the conjoined tendon to the Inguin 

fi obtained from the fascia lata „,*^ed 

to the Inguinal ligament rectus muscle or the anterior rectus sheath was 

opcnl^^nd Into^tha^scrotim ^ testicle and cord were brought down through the femoral 

group’^The® infections were calculated on the entire nnmbCT 

the number of Infected wounds showing recurrences were oaioulated ^ in 

the foi^n^m among the total Infected wounds which were examm 

« loiiou up clinic for nine months or longer 


With both types of hernias the two groups, “without fascial sutures^ 
and with fascial sutures,” are large enough for comparative 
figures to be obtained With both types of recurrent hernias 
were favorable to the use of fascial sutures in the repair of these hern 
This difference is particularly outstanding when one considers w 
the majority of instances catgut alone was used in the less difficu t f 
and fascial sutures in those presenting the greater obstacles to 
formance of a satisfactory repair 



Tadie 20— Direct Ingtiwal Rccmuiu-s Type of Repair 


Tyiw of Repuir * 


1 

2 

2A 

2B 

3 

4 

i\ 

4U 

5 


TotaU 


Total 

l-olloucd 


(a; 

Per Cent 
Infections 

Per Cent Showing 

Recur P r r ent Recur 
rence*^ Inf'Htlonst renccs f 


Per Cent 
Recurrences 

— K 

Indirect Direct 


4 

00 

23 

31 7 

6 

16 7 

26 

11 0 

3 

C67 

10 

37 5 

5 

200 

7 

14^ 

25 

24 0 

llj 

24 4 


00 


00 


16 7 

00 

33 

100 0 

00 


63 

00 

200 

00 

00 


4 0 

00 

2 0 

14 3 


00 

100 0 

00 

100 0 

00 

100 0 

00 

100 0 

16 7 

833 

00 

100 0 

00 

100 0 

16 7 

83.3 

71 

92i) 


All without fascial sutures 

All repairs ^wth fascial sutures 
Totals 


71 

44 

115 


3L0 
13 0 

24 4 


28 

68 


30 


00 

200 


Ty^ o ^P^Jrs without transplantation of the cord 

aponeurosis of ^r^Mplantatlon of the cord between the conjoined tendon and the 

“ external oblique muscle. 

®ent ulSf n ^ ^ suture of the conjoined tendon and the Inffulnal U^a 

Tvno 9 n c®* obtained from the aponeurosis of the external oblique muscle 

ment wffh « # » suture of the conjoined tendon to the Inguinal llga 

•Sue ? ® obtained from the fascia lata 

aponcuroRiQ^rtf transplantation of the cord between the overlapped layers of the 

oi ID 0 external oblique muscle 

extemni^Kii^.,?®^^^^ transplantation of the cord external to the aponeurosis of the 

Tvnn i A ^ muscle with or without overlapping of the aponeurosis 
ment wlfh Same as type 4 with suture of the conjoined tendon to the Inguinal llgo 
IVnA ®oture obtained from the aponeurosis of the external oblique muscle 
raent ■»!?>? « # Same as type 4 with suture of the conjoined tendon to the Inguinal llga 
Tvi^s ^“sclal suture obtained from the fascia lata 
to the In^^a] which the rectus muscle or the anterior rectus sheath was sutured 

Rroup^?TP®^®®°^®^“ Infections were calculated on the entire number of repairs In each 

the numhir t^^^^^tagos of Infected wounds showing recurrences were calculated accord ng to 
oxamlnn /1 recurrences found among the total Infected wounds In each group which were 
I in the follow up clinic for nine months or longer 


Table 21 — Indirect 


Inguinal Recurrences 


Postoperative Complications 


Average 

Post- 



Total 


Operative Number Number 






Per Cent 

Stay In 

Followed 

of 

Per Cent 

Per Cent 



Complication 

Opera 

tions 

of Entire Hospital 
Group Days 

Postop- 

eratlvely 

Recur 

rences 

Recnr 

rences 

Infected 

Wounds 

Per Cent 
Deaths Mortality 

t Acute 
bronchitis 

13 

10 2 

17 8 

11 

1 

9 1 

00 

0 

00 

2 Wound 
Infection 

0 

70 

19 0 

6 

0 

00 


0 

00 

3 Hcmatomns 

3 

2.3 

20 0 

2 

0 

00 

00 

0 

00 

^ Pulmonary 
embolus 

2 

1 6 

46 0 

2 

0 

00 

00 

0 

00 

5 Acute otitis 

media 

1 

0.8 

13 0 

1 

0 

00 

00 

0 

00 

® Empyema 

1 

0 S 

55 0 

1 

0 

00 

00 

0 

00 

7 Central 
Pneumonia 

1 

08 

IS 0 

1 

0 

00 

00 

0 

00 

8 I^ostatlc 
abscess 

1 

08 

250 

0 



00 

0 

00 

0 Ulccupa 

1 

08 

10 0 

1 

0 

00 

00 

o 

‘ 

Totals 

32 

250 


25 

1 

40 

0 0* 

0 

00 


^'’^cludlng those patients whose only complication was wound Infection 

\AA7 



Iadle 22 — Direct Ingmual Recurrences Postoperative Complications 


Averatjo 

Post 


operative Number Number 

Total Portent btuy In >oUovveU ol Per Cent Per Cent 
Opera of >ntiro Hospital, Poatop- Recur Recur- Intected Per Cent 

OompHcatlon tiona Group Days tratlvely rcncea rences Wounds Deaths Mortaiitr 


1 Acute 
bronchitis 

S 

57 

17 1 

2 Wound 
Infection 

5 

30 

202 

3 Broncho 
pneumonia 

4 

29 

13 5 

i Hematomas 

3 

21 

17 3 

6 Lobar 
pneumonia 

1 

07 

ISO 

6 Coronary 
occlusion 

1 

07 

00 

7 Pyelitis 

1 

07 

20 0 

Totals 

23 

10 i 



7 

3 

42 9 

12J 

0 

00 

3 

1 

333 


0 

00 

3 

1 

33,3 

00 

1 

250 

3 

0 

00 

00 

0 

00 

1 

0 

00 

00 

0 

oo 




00 

X 

1000 

0 



00 

0 

OD 

... 

. . - 

■■ — 

— 

— 

* — 

17 

5 

205 

58* 

2 

87 


* Excluding those patients whose only complication was wound Infection, 


Table 23 — Indirect Ingntnal Recurrences Respiratory Postoperative 

Comphcatiois 


Oompllcatlon 

1 Acute 
bronchitis 

2 Pulmonary 
embolus 

3 Acute otitis 
media 

4 Empyema 

6 Central 
pneumonia 

Totals 


Average 
Post- 
operative Number Number 
Total Per Cent Stay in PoHowed ot 
Opera of Entire Hospital, Postop- Recur 
tlons Group DaiS eratively rences 


Per Cent Per Cent 
Recvir Infected 
rences Wounds 


13 10 2 


17 8 n 1 


91 00 


Percent 
Deaths Mortality 

0 00 



Table 2^ —Direct Inguinal Recurrences Respiratory Postoperative 



Total 

Opera 

Oompllcatlon tlons 


1 Acute 8 

bronchitis 

2 Broncho 4 

pneumonia 

3 Lobar 1 

pneumonia 

Totals 18 


Average 


Post- , ^ 

Operative Number Nnnmer 
Per Cent Stay in Followed of 
of Entire Hospital, Postop- Recur 
Group Days eratively lences 

67 

17 4 

7 

3 

2,9 

185 

3 

X 

07 

ISO 

1 

0 

98 

— 

U 

h 


Per Cent 
Recur- 
rences 

Percent 

jnlected 

founds 

Deaths 

429 

126 

0 

833 

00 

1 

00 

00 

0 


per Ctft 
jjojtailty 


oa 

2j0 

oJ> 
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Recurrences followed 14 8 per cent ot the repairs of indirect inguinal 
recurrent hernias done with catgut alone and only 5 9 per cent when a 
fascial suture w as used Plowever, four times as many wound infections 
developed after the use of the latter, 17 6 per cent, than when catgut 
suture material alone was employed, 4 9 per cent However, none of 
the infections m either instance was followed by recurrence of the herma 
In the case of repairs of direct inguinal recurrences, a second recur- 
rence appeared after the use of catgut alone in 31 per cent, and this 
happened in only 13 6 per cent when fascial sutures were used This 


Table 25 — Indirect Inguinal Recurrences Circulatory Postoperative 

Complications 


Average 

Post 



Total 


Operative dumber dumber 






Per Cent 

stay In 

Followed 

of 

Per Cent 

Per Cent 



Complication 

Opera 

of Entire Hospital 

Postop- 

Recur 

Recur 

Infected 


Per Cent 

tlons 

Group 

Days 

eratlvely 

rences 

rences 

Wounds 

Deaths Mortality 

L Hematomaa 

3 

2 3 

200 

2 

0 

00 

00 

0 

00 

2. Pulmonary 
embolus 

2 

1 6 

40 0 

2 

0 

00 

00 

0 

00 

Totals 

5 

39 


4 

0 

00 

00 

0 

00 


Table 26 — Direct Inguinal Recurrences Circulatory Postoperative 
Complications 


Average 

Post 





Operative Number ^nmbe^ 






Total 

Per Cent 

Stay In 

Followed 

Of 

Per Cent 

Per Cent 



Complication 

Opera 

of Entire Hospital. 

Postop- 

Recur 

Recur 

Infected 


Per Cent 

tlons 

Group 

Days 

eratlvely 

rences 

rences 

Wounds 

Deaths Mortality 

L Hematomas 

3 

21 

17.3 

3 

0 

00 

00 

0 

00 

2. Coronary 

1 

0 7 

0 0 




00 

1 

100 0 

occlusion 










Totals 

4 

2^ 

— 

3 

0 

00 

00 

1 

25 0 


held true even though the incidence of infected wounds was increased 
from 2 8 per cent to 6 8 per cent, and 20 per cent of the patients with 
infected wounds in which fascial sutures were employed had a recur- 
rence later 

POSTOPERATIVE COMPLICATIONS 

Indirect Inguinal Recurrences — Postoperative complications followed 
25 per cent of the repairs of indirect inguinal recurrences This was two 
^d one-half times as great an incidence as followed the primary repairs 
of incomplete indirect inguinal hernias However, none of these com- 
plications caused the death of a patient Acute bronchitis uas the only 
complication followed by a recurrence, and for the group of repairs fol- 
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lowed by some posCopcrat.ve co.nphcation the recurrence rate was only 

9 1 per cent, as compared with 11 6 per cent for all repairs of indirect 
inguinal recurrences 


Respiratory complications followed 14 1 per cent, as compared with 
/ J per cent of the primary repairs The increase in the incidence of 
circu atory complications was less marked, 3 9 per cent as compared with 
“ cent Wound infection developed in 7 per cent, as compared 

Wit 1 per cent m the repairs of the primary incomplete indirect 
inguinal hernias 


Du act Inguinal Recurrences — The increased incidence of postopera- 
tive complications found in the group of hernias just under discussion 
was not observed m repairs of direct inguinal recurrences The figures 
were repairs of recurrences, 16 4 per cent, and pnmary repairs, 21 1 
per cent Bronchopneumonia and coronary occlusion were each the 
cause of 1 death 


Table 27 Direct Inguinal Recurrences Deaths ( 1926 - 1935 ) 


Operative 
Deaths * 

1 

2 


Patient's 

Ago 

48 

50 


Hernia 

Strangulated 

No 

No 


Duration of 
Strangula- 
tion 


Resection 

Required 


Time of 
Death 
(Post 
operative) 

20 days 
6 days 


Cause of Death 

Bronchopneumonia 
Coronary occlusion 


T^o deaths In S7 operations, giving an operative mortality of 2.3 per cent 

strarnn 7 in?pi who were not operated on They were moribund when 

was ® duration and the other of 3 weeks' duration One patfen 

was 60 and the other 63 years of age 


Respiratory complications followed 9 3 per cent of repairs of the 
direct recurrences, as compared with 13 3 per cent of the primary repairs^ 
and the figures for circulatory complications were 2 8 and 3 por cent 
respectively 

The mam complications in the two groups of repairs appeared in the 
same sequence 

OPERATIVE MORTALITY 

No deaths followed the 86 repairs of indirect ingumal recurrence 
performed in the ten year period from 1926 to 1935 inclusive 
Two deaths followed the 87 repairs of direct mguinal 
done in the ten year period 1926 to 1935 One patient, 50 years ot 
died on the sixth postoperative day owing to a coronary occlusion 
other was 48 years of age and died of bronchopneumonia on the 
postoperative day Neither of the two hermas had been ^ 

One patient, aged 60 years, entered the hospital ^ter 

strangulation of three weeks^ standing She died imme 
admission, no attempt having been made to repair the hernia ^ 
was true of another patient, 68 years of age, with a strangula lo 
eight days before admission to the hospital 
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FOLLOW-UP DATA 

luduect Inguinal Recurrences — In this group 128 hernias were 
studied, all of ^\hlch were repaired Twenty-two patients did not return 
for follow-up examination Eleven weie observed postoperatively for 
less than nine months without a recurrence having been discovered 
Ninety-five patients were followed for nine months or longer or were 
found to have a recurrence within less than nine months 


Table 28 — Indirect Inguinal Recurrences Follow-Up Data 


Total number of hornlaa studied 12 S 

Total with no operation 0 

Total operations 123 

Total operative deaths 0 

Total with no follow up examination 22 

Total with follow up under 0 months (no recurrence) H 

Total with follow up 9 months and over (Including recurrences) 95 

Avwage follow up time (nil cases followed 9 months and over) 36 months 

-total recurrences U 

Average postoperative time recurrences were first noted 13-5 months 

■rercentage of recurrences (follow up 9 months and over) 11 o 

Total number of operations examined postoperatively 106 

Average follow up time (all followed cases) 32-1 months 

-total recurrences 11 

Percentage of recurrences (all followed cases) 10 6 


Recurrences Indirect 91 % direct 90 9 % 


Table 29 — Direct Inguinal Recurrences Follow-Up Data 


Total number of hernias studied 154 

lotal with no operation 14 

Total nonoperativo deaths 2 

Total operations 140 

Total operative deaths 2 

^tal with no follow up examination 15 

lutal with follow up imder 9 months (no recurrences) 10 

Total with follow up 9 months and over (Including recurrences) 115 

Average follow up time (all cases followed 9 months and over) 40 4 months 

Total recurrences 23 

Average postoperative time recurrences were first noted 20 6 months 

Percentage of recurrences (follow up 9 months and over) 24 4 

Total number of operatlnnH examined postoperatively 125 

Average follow up time (all followed cases) 37.5 months 

Total recurrences 28 

Percentage of recurrences (all followed coses) 22.4 


Recurrences Indirect 71%» direct 92.9% 

The average length of time over which all followed cases were 
observed was thirty-two and one-tenth months The 11 discovered 
recurrences gave a recurrence rate of 10 S per cent The average 
follow-up penod for those followed mne months or more \vas thirty-six 
Months Of this group of 95 repairs, recurrences developed in 11, or 
f 1 6 per cent The average time postoperatively at which the recurrences 
^'"ore first noted was eighteen and one-half months 
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Of the 11 rccuirenccs, 90 9 per cent were direct and 91 per cent 
indiiect, as compared with 60 per cent direct and 40 per cent indirect 
after primary repairs of incomplete indirect inguinal hernias 

Duect Inguinal Rccia i cnccs — Of the 154 direct inguinal recurrences 
studied, 14 were not repaired Among the 140 patients on whom 
repairs were performed, 2 died postoperatively, and 15 did not return 
for follow-up examination Ten repairs were observed for less than nine 
months without a recurrence having been discovered A total of 115 
repairs weie followed postoperatively for nine months or longer or until 
a recurrence was noted 


Table 30 — hidinct Inguinal Recurrences 

When Known 


Sequence of Recurrences 


Tj JM) of 

T> pc of 

T>pe of 


Type of 

Interval Before 

Original 

Original 

Repaired 

T> 7)0 of 

Present 

Hernia 

Operation 

Recurrence 

Repair 

Recurrence 

Eeeonence 

Direct 


Indirect 

Halstcd 

Direct 

2 weets 

Direct 


Indirect 

Halsted 

Direct 

6 months 



Indirect 

Bus&lnl 

Direct 

6 months 



Indirect 

Game 

Halsted 

Direct 

S months 

12 months 

Indirect * 


Indirect 

WUlys 

Direct 

Indirect * 


Indirect 

Andrews 

Basslnl 

Direct 

13 months 

IS months 

13 months 

Indirect * 

Bassini 

Indirect 

Ferguson 

Direct 

Complete 

Ferguson 

Indirect 

Bassini 

Direct 

Indirect 

Indirect * 


Indirect 

Indirect 

Bassini 

Bassini 

Direct 

Direct 

18 months 

2^ years 

Indirect ♦ 

Basslnl 

Indirect 

ilcArthur 

Basslnl 

Indirect 

8^ years 


Hernias listed as indirect without qualification were all incomplete Indirect hemlM 


The average time covered by the follow-up for the 12 
observed postoperatively was thirty-seven and one-half mont s, an^ 
recurrence rate was 22 4 per cent For the 115 repairs ° 
nine months or longer or until a recurrence was noted, 
follow-up time was forty and four-tenths months, and the 
rate was 244 per cent The 28 recurrences were 
average postoperative interval of twenty and six-tenths the 

The proportion of direct and indirect recurrences w ic 
repair of direct inguinal recurrences wms essentially the for 

primary repairs 92 9 per cent direct and 7 1 per een ^j^g 

the former and 90 9 per cent direct and 9 1 per cent m 
latter 

SEQUENCE OF RECURRENCES 

.nrl recurrences, 

The sequences of the types of operations a are 

known, are presented in tables 30 and 31 The the info^'’’^* 

of considerable interest, but the number of cases conclus'^'^ 

tion was complete was too small to be of value m 


SHELLLV^INGUIN II HERNIAS 
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REPAIR OF RECURRENT INGUINAL HERNIAS 

Various significant points regarding the repair of indirect and of 
direct recurrent inguinal hernias may be discussed together, as the recur- 
rences following repairs of these two t}pes of hernias appear as direct 


Tadle 31 — Direct higitmal Recurrences Sequence of Recurrences 

When Known 


Typo of 

'Tj i)c 0 f 

Ijpc of 

Original 

Original 

Repaired 

Hernia 

Opurutlon 

Recurrence 

Indirect * 

Anatomic 

Direct 

Indirect • 

Direct 

RcctU5 

transplant 

Direct 

Dassinl 

Direct 

Indirect * 

nosslnl 

Direct 

Direct 



Direct 



Direct 



Direct 

Direct 

Direct 

Bass Ini 

Direct 



Direct 

Direct 

Direct 

Direct 

Direct 

Halsted 

Direct 



Direct 

Direct 

Direct 

Direct 

Halfltcd 

McArthur 

Direct 

Direct 

Boflslnl 

Direct 

Direct 

Direct 

Direct 






Direct 

Direct 

Rectus 

Direct 


transplant 

Direct 



Direct 

Indirect * 

Halsted 

Direct 


Typo of 

Type of 
Present 

Interval Befo 

Repair 

Recurrence 

Recurrence 

Rectus 

Direct 

1 month 

transplant 

Uulstcd 

Direct 

1 month 

Rectus 

Direct 

1 month 

transplant 

Bassinl 

Direct 

2 months 

Wlllys 

Direct 

2 months 

Andrew’s 

Rectus 

Direct 

3 months 

transplant 

Rectus 

Direct 

4 months 

transplant 

Bosslnl 

Direct 

4 months 

Rectus 

Indirect 

G months 

transplant 

Bussinl 

Direct 

6 months 

GaUIe 

Halsted 

Direct 

7 months 

Bassinl 

Direct 

8 months 

Halsted 

Indirect 

8 months 

Bassinl 

Direct 

8 months 

GaUIe 

WUlys- 

Direct 

8 months 

Andrews 

Bassinl 

Direct 

9 months 

Bassinl 

Direct 

10 months 

Bassinl 

Direct 

U months 

Halsted 

Direct 

12 months 

GaUIe 

Bassinl 

Direct 

13 months 

Halsted 

Direct 

21 months 

Halsted 

Direct 

19 months 

Bassinl 

Direct 

2 years 

GaUIe 

Bassinl 

Direct 

2 years 

JIcArthur 


2 months 

Rectus 

Direct 

3 years 

transplant 

Bassinl 

Direct 

3 years 

Halsted 

Direct 

9 months 

10 years 

McArthur 

Halsted 

Direct 

11 years 


0 months 


'These i Indirect Inenlnal hernlaa were incomplete 


OT indirect m essentially the same proportions, being predominantly 
direct in both instances 

Consequently, m the repair of either of these two types of recurrent 
inguinal hernia, reconstruction of the floor of the inguinal canal is of 
primary importance Careful imbrication of the transversalis fascia, 
thereby approximating the inferior edge of the conjoined tendon to the 
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inguinal ligament, appears to be the logical first step m these repairs This 
maneuver prevents the insinuation of pieces of properitoneal fat between 
the later approximated edges of the conjoined tendon and inguinal 
ligament 

If the groups of followed cases in this study can be considered 
sufficiently laige for the resultant recurrence rates to be accurate, the 
conclusion must be drawn that these recurrent inguinal hernias should be 
repaired by the use of a fascial suture Several authors have m the past 
few years advocated the substitution of silk suture technic for the use 
of fascial sutures To date at St Luke’s Hospital there are no records of 
sufficiently large groups of repairs with adequately long follow-up 
peiiods to enable one to draw any conclusions in this matter How- 
ever, until greater numbers of followed cases in whose repairs siH 
sutures were used exclusively without selection of cases are available for 
study, I am of the opinion that the majority of the recurrent inguinal 
hernias should be repaired with either the McArthur or the Gallic technic, 
silk being used throughout for sutures, ligatures and fixation of the 
fascial sutures 

Points as to the general technic of dissection and repair of these 
hernias are the same as in the repair of the primary inguinal hernias 
Among these are careful, clean dissection, maintenance of hemostasj 
and asepsis, care that sutures are not tied too tightly, inclusion of 
mg vessels only without adjacent tissues in the ligatures and re uc 
of the size of the cord when necessary at its point of exit throug 
internal nng 
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CHANGES IN BONES AND JOINTS RESULTING 
FROM INTERRUPTION OF CIRCULATION 

TI NONTRAUMATIC I CSIONS I\ ADLLTS WITH BONE 
INFARCTION, \KTIIRITlb DEFORMANS 

DALLAS B PHEMISTER M D 

CIIIC VGO 

The recognized causes ot interruption of the circulation and infarction 
of the viscera are embolism, thrombosis, arteriosclerosis and obliterative 
endarteritis In case of gangrene of the extremities neurogenic vascular 
spasm (Raynaud's disease) and ergot intoxication must be added to this 
list In view of the relative frequency of these circulatory disturbances 
in adults, it is surprising that similar lesions of bones have not been 
more frequently reported to accompany them As was brought out under 
general considerations in part I of this stud> , most of the lesions resulting 
from nontraumatic interruption of circulation of bone in adults that have 
heretofore been described have not definitely been traced to the afore- 
mentioned causes and with some of the lesions to be described here there 
IS much uncertainty either as to the cause or as to the exact mechanism 
of action of the exciting factor That arteriosclerosis, obliterative endar- 
teritis and neurogenic and toxic vascular changes may be potential or 
contributory factors by creating so-called functional end arteries m 
regions of bone where true end arteries are not normally found is to be 
l^rne in mind in attempting an explanation of bone infarction in adults 

CAISSON DISEASE 

It has long been known that caisson disease is due to damage of the 
tissues by nitrogen, which, having been absorbed in excess by the body 
under compression, forms bubbles in the tissues and body fluids from too 
r3.pid decompression The nitrogen within the blood vessels produces 
embolism of the viscera with varying effects, sometimes causing death 
Fat and lipoids absorb much greater quantities of nitrogen than do other 
tissues and body fluids, accounting for the frequent damage and mottling 
of the subcutaneous tissues Nitrogen frequently accumulates in bubbles 
Within the spinal cord, where it is liberated from the high lipoid content 
of cord tissue and results in varying degrees of paralysis, especially in 

From the Department of Surgery, the Umversity of Chicago 
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the lower extremities Bassoe ^ and Bornstein - were the first to reporta 
deforming type of arthritis in the hips and shoulders as a sequel of 
caisson disease, and Bassoe described blotchy roentgen shadows of 
increased density within the shatt of the tibia in 2 cases Numerous cases 
in which articular changes occurred have since been reported, as will 
be seen by consulting the bibliographies of three of the articles cited’ 
Kahlstrom, Burton and I ““ reported 4 cases of caisson disease of long 
standing in which there were bone infarcts, some in the shafts and some 
in the epiphyses of the long bones, which because of either calcification 


of their walls or collapse or sequestration from weight bearing were 
recognizable in roentgenograms In 3 of the cases there were the changes 
associated with deforming arthritis, some of which were m the hips and 
some in the shoulders The diagnosis was confirmed by necropsy in 1 
case and by biopsy in another Since then the diagnosis in case 4 of the 
series has been confirmed by a surgical excision, which will be discussed 
later The massive bone necrosis was attributed to the liberated nitrogen. 


but uncertainty was expressed as to the exact method of action In favor 
of infarction from nitrogen embolism were the extensive involvement o 
the diaphysis or of the epiphysis with freedom from involvement of t le 
other and predilection for the head of the femur, which is known to e 
the most frequent seat of end arteries m the adult skeleton But agains 
nitrogen embolism is the fact that the infarcts were very extensive an 
that the extensive embolism of Auscera which might be expected to 
pany such an amount of bone embolism would be likely to cause ea^ 
Since the involved bones were limited to the extremities, smce t le 
of the extremities are rich m fatty marrow and since fat absor s 
a very large amount of nitrogen, a plausible theory is t at ni 
bubbles liberated within the medullary canals, where 
kill the tissues by direct compression When the epip ysis is 
and the necrotic bone borders on the joint, the overlying 
tilage undergoes either extensive or complete necrosis Use o 
in the presence of the necrosis may cause the head of the temu 

- — --i. gg 36S, 

1 Bassoe, P Compressed Air Disease, J Nerv & 145 526, 

The Late Manifestations of Compressed Air Disease, Am J 

2 Bornstein, A Versuche ueber die Prophylaxe er 


Berl klin Wchnschr 47 1272, 1910 p g 

3 (a) Kahlstrom, S C, Burton, C C, and m Encap- 

Necrosis of Bone I Infarction of Bones in Caisson Surg, 

sulated and Calcified Areas m Diaphyses and m Arthritis e ^ Etiology 
& Obst 68 129, 1939 , II Infarction of Bones of Deformans, ibid 

in Encapsulated and Calcified Areas m Diaphyses and m r ^ ^vitli 
68 631. 1939 (i,) Coley, B L, and Moore, M , Jr “fsnrs W 

Reference to the Bones and Joints Report of 'jjttia dei cassoni e 

1940 (r) Ugolotti, F La forma osteoarticulare della 

interpretazione medico-legal e, Assistenze sociale 14 win, 
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humerus to collapse, which may greatly deform the joint Chrome 
deforming arthritis is a relatively late sequel, its development being sec- 
ondary to the necrosis of the articular cartilage as first described in asso- 
ciation with other conditions by Axhausen * Coley and Moore have 
since reported 2 cases of caisson disease with pain and stiffness of long 
standing m the shoulder and hip joints in which roentgenograms demon- 



Fig 1 (case 1) —Caisson disease of three > ears' duration, producing necrosis 
m the head of the femur and collapse of the weight-beanng articular surface (jr) 


strated not only chronic deforming arthritis but large to small circum- 
scribed areas of increased densit} in the shafts and epiphyses, indicatne 
of bone infarcts Ugolotti has recently reported a case of caisson dis- 
ease in which at the end ot twenty months mottled areas of increased 

4 A\hausen G \rthntis deformans und ihrc \bartcn \rch f khn Chir 
126 573 1923 
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and deci cased density in the head, neck and trochanteric regions of the 
femurs and of the head and surgical neck of the left humerus, interpreted 
3.S infarcts, weie visible iii roeiitgeiiograiiis 

In the following case of caisson disease there was necrosis of the 
head of the feinui with collapse of the weight-bearing portion, but 
roentgen signs of chronic aitliritib weie not yet visible 

Case 1— A C, a man aged 51 years, was seen ^pril 22, 1940 Three years 
who worked at tunnel construction under 35 pounds 
^ ^ compressed air, noticed se\ere pains m the lower limbs about two 
lours after leaving the compression chamber Return to the decompression lock 
1 not give relief The pains continued, and he was confined to bed for three 
weeks He then returned to light work but has since continued to have pains 
m the hips, much more marked m the right than in the left, with extension 
own the right leg The right hip is at present lame and weak 

Physical examination revealed Iiim to be large and muscular He had a slight 
limp referable to the right hip The^e were moderate limitation of rotation and 
abduction of the right hip joint, but flexion was only slightly limited Physical 
examination otherwise showed him to be essentially normal A roentgenogram 
(fig" 1) of the right hip showed a break in the shadow of the articular cortex 
underlying the superior acetabular margin (i), with a moderate depression ol 
the weight-bearing portion of the head, extending mesially to the region of tlie 
acetabulum There were mottling and streaking of the shadow oi the under 
lying head and an irregular zone of increased density in the adjacent border of 
the neck and laterally in the noncollapsed portion of the head The diagnosis 
of necrosis of the head followed by collapse of the weight-bearing portion was 
based on the similarity of the roentgenograms to those in proved cases of necrosis 
and collapse of the head produced by caisson disease, fracture of the neck of 
the femur and dislocation of the hip The changes of chronic deforming arthritis 
had not yet begun Roentgenograms of the rest of the body showed a normal 
bone and joint picture 

Pathologic studies of one shoulder and both hip joints obtained at 
autopsy in case 1 of the senes reported by Kahlstrom, Burton and 
(the condition was of thirty-five years’ standing) revealed the final 
of such articular changes There were flattening of the heads of the 
bones, replacement of articular cartilage by irregularly thinned fi 
cartilage, marked lipping of the articular margins, osteocartilaginoi^ 
loose bodies in the joints, medium to slight chronic villous 
subcortical bony cavities in the heads filled with fibrous tissue or 
and irregularly arranged living bone which had replaced the ol ^ 
bone of the heads 

Resection of the head of the right femur in case 4 of the sam ^ 
has since given opportunity for pathologic study of the disease j 
advanced stage than that aforementioned At the time o t 
report the disease was of twenty-one years’ standing ^ 
gen evidence of flattening and mottled increase in density m 
of the femurs and humeri, of marginal lipping of their join s 
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faintly walled-oft and calcified infarcts in the shafts of the femurs and 
the tibias One year later the patient (case 2 of this series, not reported 
111 detail here) was having great difficulty with the hips in walking 
Roentgenograms revealed little or no ad\ance m the lesions of the bones 
and joints In figure 2 (the right hip) evidence of marked lipping, 
irregularity of the weight-bearing portion of articular surface of the 
head and blotchiness of underljung bone were observed The major por- 



Fig 2 (case 2) -Caisson disease of the nght hip of twenty-tuo j ears’ duration 

lion of the head was then resected m an attempt to improce the function 
of the hip Marginal osteophttes and moderate villous arthritis were 
present Figure 3 is a photograph of a coronal section of the more or 
less fragmented resected portion The articular surface of the weight- 
bearing portion was flattened, and its cartilage was thin and irregular 
At one point (i). there was a dense sequestrated pea-sized piece of 
cortical bone and articular cartilage T igure 4 show s a microscopic sec- 
tion of the head The bone of the interior was irregularh arranged as 
if reconstructed and Mahle The lateral noiiw eight-bearing portion oi 




BHii ilBAB BBi 

Fig 3 (case 2) — Ihe two halves of a coronal section of the resected head 
showing a deformed articular surface and a sequestrum (v) bordering on the join 



Fig 4 (case 2) — Microscopic section of the head, showing the ate 
weight-bearing surface (r) not collapsed and the weight-bearing stir a 
top and mesially (y) irregular and collapsed 



Fig 5 (case 2) — Section of a sequestrum (^, fig 
The cartilage and bone are dead 


5uria« 
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the head was covered by a thick layer of fibrocartilage (i) The top of 
the head had been destroyed, leaving a broad groove partly filled by 
fibrous tissue which surrounded some dead bony trabeculae Mesial to 
this there was a thin irregular covering of fibrocartilage The loose 



6 — High power view of the section shown in figure 5 Note the dead 
cartilage and bone, with calcareous deposits in the spaces 

piece of cortex ( i ) of figure 3 was sectioned It was found to consist 
of old dead articular cartilage and underl}ing bone similar to a loose 
body in a case of osteochondritis dissecans (fig 5) On microscopic 
examination (fig 6) the bom lacunae were seen to be empt> , the 
marrow spaces were parth filled wuth calcareous deports and the car- 
tilage was partly detached from the bone This was a portion of the 
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necrotic head which m the region of greatest weight bearing became 
detached, remained separate and consequently did not undergo creeping 

replacement by new bone and fibrocartilage as was the case in the rest 
of the head 

When the necrotic area is located in a diaphysis or in an epiphysis 
away from the articular cortex, it is invaded by blood vessels and osteo- 



Fig 7 — Caisson disease of thirty-five years’ duration Note tlie old infai" 
with a calcified zone of demarcation in the shaft (x) and m the epiphysis (3 

genic elements at its periphery and is gradually reduced in size 
creepmg substitution by new bone Smaller infarcts may e 
course of months or years completely replaced by new bone, 
the case of large ones, especially of the shafts, the replacemen 
comes to a standstill and the remaining necrotic bone a 

off by fibrous tissue, which eventually calcifies and ossi jn 

sharp line of demarcation The interior may also become ca 
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part, so that after a long time the infarct casts a characteristically dense 
circumscribed shadow m roentgenograms Figure 7 is a roentgeno- 
gram of the lower half of the necropsy specimen of the right femur in 
case 1 m the series reported by Kahlstroin, Burton and me It shows a 
massive dense infarct in the shaft and a small one in the lateral condyle 
thirty-five years after the attack of caisson disease It should be empha- 
sized that roentgenograms taken m the early stages and even after the 
lapse of a few years ma}'' show no shadow outlining the infarct because 
calcification has not yet set in A biopsy in case 2 of the aforementioned 
series, m which the disease was of four years' duration, showed no cal- 
cification of the dead bone in the head of the femur Dr C Howard 
Hatcher, of this department, has produced caisson disease experimentally 
in dogs, but in no instance was bone infarction found 

ARTERIOSCLEROSIS AND BONE INFARCTION 

In the following case of old calcified infarct of the tibia there was 
marked generalized artenosclerosis which led to a fatal termination 
While there was no direct proof that arteriosclerosis was the cause of 
the infarction, it appeared to be the most plausible explanation 

Case 3 — A white man aged 52 years consulted Dr C C Burton, who has supplied 
the following history and permitted study of the involved bone Four months 
before coming under Dr Burton’s care (Feb 14, 1938), the patient fell and 
fractured the medial condyle of the right femur Weight extension was applied 
to a Steinmann pin through the os calcis, but extensive osteomyelitis de\ eloped 
and was still acUve on admission 

The past history revealed a normal childhood and adolescence The patient 
began work as a coal miner and continued in that occupation for twenty-two 
years Then he served in tlie army durmg the World War, as an automobile 
factory worker for eight years and as a janitor up to the date of injury He 
never worked in compressed air and never had symptoms of bends or pains in 
the extremities or in any of the joints 

Physical examination showed him to be well developed The blood pressure 
was 100 systolic and 60 diastolic The Wassermann and Kahn reactions were 
negative The urine was within physiologic limits Regional examination re\ealed 
no abnormality except in the nght lower extremity The right knee showed 
increased lateral mobility The nght ankle \/as markedly stiff, swollen, tender 
and tense There was a sinus discharging pus beneath the external malleolus 

Roentgenograms of the foot and ankle repealed osteomjehtis with marked 
destruction of the os calcis and osteoporosis of the other bones of the foot and 
ankle Roentgenograms of the femur showed a healed fracture of the medial 
condyle Roentgenograms of the upper end of the right tibia re\ealcd an area of 
blotchy increased densit> situated centrall> in tlie upper 2^2 inches (72 cm ) of 
the diaphjsis, measuring approximately 1 inch (2 5 cm.) in diameter above and 
tapering slightly downwaird to the lower end A bone infarct was diagnosed 
and roentgenograms were then made of the rest of the bones of the extrunitas but 
no abnormalities were revealed 
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The right leg was amputated 6 mciie<: ("K \ k i . 

^ nrr::::: 

artenes ^er n„“ ' Thr„l‘'" f" 

and free from fin^ Tl 7. ^ peritoneal spaces were dear 

e:ghth nbs The earT I'glTdOO 

myocardium of vaTv 1 "'7 

myocardium or valvular disease was observed 



Fig 8 (case 3) — Roentgenograms of the stump of the tibia obtained at autopsyi 
showing an old infarct of the diaphysis 

The entire aorta was atheromatous, with discolored subintimal areas, proba 
due to hemorrhage The lungs, liver, spleen and kidneys showed pronotn 
passive congestion but no evidence of infarcts, recent or old There were pete 
hemorrhages in the spleen and in the pancreas 

Microscopic examination revealed marked generalized arteriosclerosis, cor 
arteriosclerosis, degeneration and f 3 .tty infiltration of the myocardium an ^ 
congestion of all of the viscera, but no signs of infarcts The immediate 
of death was heart failure ^ 

The stump of the right tibia was sent for pathologic study The 
was rounded and covered by a thick layer of fibrous tissue The s>nov 
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of the knee was slightly \illous in places and was stained brown from blood 
pigment derived from the old fracture of the femur into the joint The articular 
and semilunar cartilages showed no gross abnormalities Roentgenograms were 
made of the specimen (fig 8) When these \\ere compared with those of the 
upper end of the tibia taken twenty months previously, just before amputation 
of the leg was performed, no change in appearance was detected The central 
area of increased density in the upper portion of the diaphysis appeared blotchy in 
tlie anteroposterior view, but in the lateral view its central portion was 
unevenly radiolucent, while the periphery was somewhat circinate m arrangement 



Fig 9 (case 3) —Sagittal section of the amputation stump 


and was radiopaciue The shadows of bonv trabeculae in most of the area for 
short distances about were irrcgularl> arranged as if representing new bone which 
had replaced the old bone The rest of the bone was reduced in density 

A sagittal section (fig 9) revealed a thin cortex, fine cancellous bone and 
much fatty gelatinous marrow, indicative of atroph> of disuse. In the center of 
the upper diaphysis was a mottled irregularly outlined grayish to light \cllow 
area approximately 5 5 cm long by 1 to 2 cm broad In its upper portion tlicrc 
was a dark necrotic central area about this and extending downward was a 
yellowish calcified area and external to tins was an irregular layer of grayish 
fibrous tissue ^ slice was cut through the un oh ed area of which a roentgeno- 
gram was made (fig 10 /) The slice was then de‘calcified and a microscopic 
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section prepared (fig 10 5) The central nccmtic areas, the calcified intermediary 
zone and the outer fibrous zone of the invoUed area and the atrophic rest of the 
bone are clearl> seen 

Microscopic examination (figs 11 and 12) rc\ealed the central areas to consist 
of necrotic bon) trabeculae and marrow, with the outline of fat cells still preserved 
in some regions The intermediary zone showed calcification, some of it calcifica- 
tion of connectue tissue, and some, calcification of the necrotic marrow The outer 
fibrous lajer was relatively acellular and shaded over at the periphery into can- 
cellous living bone containing fatt> and richl) cellular hemopoietic marrow There 
were numerous arteries and arterioles in the periosteum of tlie stump, all of which 



Fig 11 (case 3 ) —Photomicrograph (X8) of the infarct at y in figure 10 
« IS living bone, b is the fibrous and calcified zone and r is the unln^aded portion 
of the infarct 


showed marked to extreme arteriosclerosis with narrowing of their lumens 
contrast, there were few arteries or arterioles to be seen in the medullary t^issue 
and the> shoued a somewhat lesser degree of arteriosclerosis There was no sign 
of old thrombosed vessels within the necrotic area The sjnoMal lining showed 
slight proliferation and tag formation w.Ui scattered infiltration with blood pig- 
ment. The articular cartilage was without notable alterations 

The central lesion was an infarct which to judge bj the advanced degree oi 
organization, was of manj jears standing The process of replacement b> new 

bone about the peripherv seemed to have come to a stan ® * 1 1 i 

mu / ui ^ inmtinii IS that the lesion resulted from vascular block- 

The most plausible explanation is uiai u.v 

1 cforrpc nf the arteriosclerosis However its ancient 
age occurring in the early stages oi 




Of SURGERY 

appearance and its stati 

of .merst,t,al .sept.c necro"^ « 

feve, cons, deraw; C ‘ f »' 

srj;^. »h,ch the soft 


am 


fM'' ’.V 

^ ' Y' 




;'‘t. f 

I j *-7t 




m figures 10 and 11 (x 21) of the right side of the wall sliouii 

IS the uninvaded infarct^ bone, b is the fibrous and calcified zone, and r 

tion of the The latter authors reported a case of infarc- 

man who har?^h^!?°^ astragalus m a 68 year old 

gangrene of th ^ ^^^culatory disturbance of the foot for two years and 
^ e toes for one year A spreading infection finally neccs 

Zirkulation un^rf ^ Ueber das Verhalten des Knochengewebes bei herabgeaetzler 
138 614 1926 Nekrose der Zwischenlamellen, Beifr z Uiii Clnr 

Amoutai^p^ Pomeianz, M M Changes in the Bones ot Extrcuntio 

ecause of Arteriovascular Disease, Arch Surg 29 566 (Oct ) 







69 









1470 


ARCHIVES OF SURGERY 


sitated amputation through the lower part of the thigh Sagittal section 
of the amputated foot showed the infarct, a photograph, a roentgeno- 
gram and a microscopic section of this infarct are reproduced here 
(figs 13 and 14) Judging by the great difference in density between 
the infarct and the sui rounding atrophic living bone, the cutting off of 
the circulation of the neciotic area must have occurred at least several 
months before the amputation There was spreading acute infection in the 
vicinity, which, however, did not appear to have influenced the density 
of the bone Routine roentgen examination and section of all of the 
bones of extremities amputated because of arteriosclerotic gangrene 
should be made for the purpose of establishing the frequency of such 
circulatory disturbances 

BONE INFARCTS AND CHRONIC HYPERTROPHIC ARTHRITIS 

The cause of chronic hypertrophic arthritis is still very much in the 
dark Pommer considered the primary change to be a degeneration of 
the articular cartilage resulting from nutritional disturbance and the sub- 
sequent changes in both cartilage and bone ends to be due to weight 
bearing and movement In some cases the nutritional disturbance is 
assumed to arise from the trauma of ordmary use in aging or senile 
cartilage In other cases changes in the underlying bone are known to 
precede changes in the cartilage These are well illustrated in the cases 
reported here and in part I of chrome arthritis associated with extensive 
death of epiphysial bone in fractures of the neck of the femur, dislocah ^ 
of the hip and caisson disease This raises the question whether in o^^^ 
cases there are primary changes m the vessels of the subchon ra 
due to other causes, which result in nutritional interference and 
tion of cartilage with subsequent hypertrophic arthritis, 
nutrition of cartilage comes from the underlying bone The su 
fibroplasia in the marrow spaces, bone sclerosis and formation o c^^ 
filled with fibrous tissue or fluid which are present m of 

rarely associated with arteriosclerosis or with obliterative en a 
the vessels in the involved region But small amounts o niicrO' 

in the region of absorption and cavitation are occasionally oun 
scopic examination That hypertropliic arthritis and asso- 

may in some cases be due to a common cause is sugges e 
ciation in the following 2 cases ^ 

Case 4 — An obese single woman aged SO, a graduate for 

gressive symptoms of pam and some stiffness referable to o She 

years She had had painful shoulders during the past our diplitln-n^ 

had no other major illnesses except scarlet fev'er at the age o 
at the age of 30 ^ ^ yiiert were si'’’'' 

She appeared healthy She weieghed 190 pounds ( shoulder 1’'*' 

limitation and pain on motion of both knees and ® ^ femurs were sli’hi 
were slightly swollen and the condylar margins o t o 
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thickened The results of physical examination were otherwise without signifi- 
cance The Wassermaim and Kahn reactions were negative Roentgenograms 
were made of both knees A moderate grade of osteophyte formation was present 
in both knees, most marked at the articular margins of the femurs and the 

patellas In the right tibia (fig 15), about 4 inches (10 cm) below the upper 

end, there ^\as the incidental finding of a centrally situated, irregularly oval 

shadow of increased density measuring 2 by 3 cm There \\as a narrow dense 

nm about most of its periphery, which was more clearly demonstrated by roent- 
genograms of less exposure The shadows of bone for \arying distances abo\e 



Hg IS (case 4) —Arthritis of tlie right knee had produced symptoms for ten 
years An old calcified infarct of the tibia ( r) had produced no symptoms 


and below were irregularly arranged, which suggested 
of dead bone by new bone had gone on at the perip lery 
trophic arthritis of both knees and old mfarct of the 

„c T 1 J J reminder calafied and stationary Un mquir\ 

of which was organized and the referable to tJic scat ot the t.b.al 

she stated that there had no symp studies nere tlieii 

lesion and no history of exposure t° “ P extremities but no abnormalities uere 
made of all of the other long bones of the cxtremixies 

e . ^ cz .ears a locomoUxe engineer for eighteen months 

Case S A man aged 5 y shoulder, sometimes radiatm„ 

tiad had frequent pains in the region ot ttie rig. 
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down the arm and forearm, and occasionally pain in the left shouMer and arm. 
He had been bothered with hay fever for thirty years for which a nasal operation 
had been performed ten years previously Otherwise he had suffered only minor 
ailments 

He appeared healthy The musculature of the arms and shoulders was well 
developed Motion was normal in the shoulders, but elevation of the arras pro- 
duced pain in both shoulders and extension of the cervical part of the spine caused 
shoulder girdle pain The findings were otherwise insignificant The Wassennann 
and Kahn reactions were negative 



11 ^ 

Fig 16 (case 5) — Pams were frequent in the right a den^e 

m the left for one and one-half years The right humerus ( lipping 

infarct (x) The cervical part of the spine (B) shows spon 3 i is ' 


Roentgenograms of the spine •showed hypertrophic arthritis wi Koeiit- 

was marked m the cervical region and slight in the remaining P ^ jncident^J 
genograms of the right shoulder showed no changes in the center ot 

finding was a beaded oblong shadow of increased density 1 ^ 
shaft of the humerus, about 4 inches (10 cm ) below (fig Moderate 

were then made of all of the bones and joints of the otherwise 

lipping was seen at the articular margins of both hip joints, patient tat 

the bones nor the joints showed any abnormality On inqm 
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that he had ne\er worked in compressed air The diagnosis was h\pertrophic 
arthritis of the spine and hips , cotnprcs-ion neuritis of the brachial plexuses, and 
old calcified infarct of the shaft of the right humerus 


In both cases the infarcts and the arthriti:> appeared to be of long 
standing, which is consistent with an etiologic relation 

Lesions similar to that m case 3 and to those of both bones and 
joints m the presence ot cairrsun disease were reported b\ KahLtrom, 
Burton and me ~ as occurring m 3 ca^es in \hich the^'e vas no hn^tory 
of work under compressed an th- cau-e remaining iml-uuwn The 
remains of the infarcts in the di [jh si-s old and c il^^iiied md the 
deforming arthritis, \vhen pre^u t, n i- i m acLanced nage ( ertam 
points in the past histones sue'gr-tcd ^ n cius yxj^-ibilnies -uen a^ fat 


embolism from fractures, the en i ro rui or iheumatic lear a.id mteno- 
sclerosis, but the case for cacli reniaiiied unproAtd Tald-trom 
recently shown me notes on d more identical ca^e- ' impi iihslKd) of 
multiple infarcts of bones, in 1 ot which intarction lollowed an attack ol 
caisson disease A review of some of the standard iliU'^tratcd textbook 
on roentgen diagnosis ot diseases ot Ijone re\eaL roentgen pictincs of 
infarcts that are classified under various other diagnoses 

So-called idiopathic aseptic necrosis in the head of the femur ot 
adplts with varying degrees of secondary change in the joint is re 
lively rare as compared with Legg-Perthes disease in children 
first demonstrated the pathologic nature of the disease in - an as 
subsequently ^ confirmed the findings m 3 other cases lan er 
reported 2 cases proved by operation and pathologic e ^ainination in 
which marked obliteration of arteries of the round ligament appeared to 
be the cause of the necrosis A review of the literature on chronic 
arthritis and that on osteochondritis dissecans of the hip ^ ^ 

roentgen and pathologic evidence that such con itions la-ie ^ ‘ 
been described under those heads The disease ^ 

m men dunng the early and middle periods ot adult 

Freund's first case an active jeeebi^d sf^ntaneoud} 

year old woman In most cases pain P There was 

and graduaUy, although m some their onsaj^o^^^^^ 

bilateral involvement in 4 of the o 1 


tofdTnd S,J«1rA“T!n d“|.>» 

&- Obst 68 631 1939 ^..otischen Knochennekroit, Virchous \rch f 

8 Freund, E Zur Frage des aseptisciien ivi 

path Anat 261 287, 1926 n.ssecan. of the Head ot the Femur \rcl. 

9 Freund, E OsteochondnU;. Dissecan 

Surg 39 323 (Sept) 1939 pj j , 1 ,^ p^mur k\ i c n.m 

10 Chandler, F A Asepuc iNecros.s oi the H. 

M J 35 609, 1936 
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Chandler The symptoms in these cases ranged from one to three }ears 
m duration and simulated those of chronic hypertrophic arthritis The 
roentgen and pathologic pictures resemble those of aseptic necrosis of 
comparable duration produced by trauma and by other conditions dis- 
cussed heie and will not be elaborated The arthritic changes were 
those of the early stages, owing to the comparatively short duration oi 
the disease in these cases 

The following case of bilateral involvement is of special interest m 
that on one side the head broke down and m six years went through the 
usual changes, ending with deforming arthritis, while on the other side 
it retained its form, the necrotic area undergoing reconstruction without 
the deielopment of arthritis 



Fig 17 (case 6) — Aseptic necrosis in the head of the femurs, of 

sequestrum at weight-bearmg portion of the right head (y) ^ 

bone in the left head ( r) Dull pam had been present m the rig i >P 
months No symptoms were present in the left hip 


Case 6 — A man aged 27 years, a laborer, complained of can 

the right hip of eight months’ duration, coming on gradually |{t 

and progressing slowly At times he had also had slight l•e\caIed 

had been out of work but had continued to walk The past 
minor illnesses The patient was short, well developed an ^^ 3 , 

170 pounds (77 Kg ) He walked wth a slight hmp m the ng 
sermann and Kahn reactions were negative The blood pr^ g^geiitialb 
and 78 diastolic General and regional examinations 
results aside from the hips The right hip showed 
tion and rotation Flexion was only slightly limited n 
was normal fem^ 

Roentgenograms revealed changes in the heads of opposite 
the right head there was a break in the articular co oi 

acetabular margin, with downward displacement an 


of bolh '1!“ 


tilf ' ■’ 
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bearing portion mesial to this point A large area of reduced density was present 
deep m tlie head, beneath the point of fracture in the cortex There was greater 
density in the head in the flattened region and beneath and mesial to the area of 
reduced density than in the lateral portion of the head and in the neck There 
were faint shadows of osteophytes at the margins of the articular cartilage of 
the head and at the fovea In the head of the left femur there was an oval area 
of slightly reduced density m the same situation as that m the right, with a faint, 
narrow lateral border of increased density It was regarded as evidence of an 
area of bone necrosis and absorption 

Prolonged rest m bed was considered ad\isable to permit reorganization of the 
necrotic areas and to insure the least likelihood of collapse of the head of the 
left femur and of further collapse and arthritis of the right Economic conditions 
did not permit this program to be carried out, but the patient was able to lie or 
sit for the greater portion of the day and went about only for meals and for doing 



Fig 18 (case 6) — Progression of the lesions two and one-half years after figure 
17 was taken The right hip was continuously painful and stiff The left hip had 
lately been slightly painful on extensive use 


chores He was under observation for five years, and six roentgen examinations 
were made at intervals of nine to seventeen months The nght hip continued to 
be painful on use and the limitation of motion remained about the same The 
pains in tlie left hip gradually disappeared, and the joint was free from symptoms 
after two years A roentgenogram two and one-half years later (fig 18) showed 
m the right hip an extension mesially of the absorptive process, with irregular 
separation of the slightly more depressed and dense weight-bearing portion There 
was a blurred area of increased density about the base of the head, extending 
laterally into the undcrbing neck Lipping had increased on the head and w^s 
beginmng on the margins of the acetabulum The shadow of the articular cortex 
of the head below the le\el of the fo\ca was \er> haz\ There w^s a slight 
increase in density of the iliac cortex of tlie acetabulum 

In the left hip tlie shadow of reduced dcnsit> in the head had extended mesiall> 
to the region of tlie fo\ca It was finely trabcculate*d and had narrow irregularl> 
circulate borders of increased densit\ The appearance of the hip otherwise was 
normal 
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1 iic jmiuit gradually became more active during the next two and one-hah 
uars, and during the last few months he performed some odd jobs There u-as 
^tlll a dull j,ain in the right hip on walking but it was less marked than before. 
\ roentgenogram (fig 19) taken five and one-half years after the onset of 
s}m()toms rtiealed in the riglit hip a mottled alteration in density of the depressed 
weight-bearing area of the head, indicating invasion by osteogenic tissue and partial 
replateiucnt b> living bone The lipping of the joint margins was still more 
marked, as was the sclerosis of the acetabulum In the left hip the density wthn 
the hind had ntiirned almost to normal, but the shadows of trabeculae within the 
old altered area were irregularly arranged and streaked in places, indicating new 
bone formation throughout 


In this case the indications are that on the right side the necrotic 
areas within the head included the entire upper portion and thatabsorptne 
changes within it so undermined and weakened the weight-beanng por- 



Ig 

Fig 19 (case 6) — Roentgenograms taken twenty-six months after gure 
The left hip was symptom free and the density of the head ^ 

normal The right hip was still painful and restricted m motion 1 e n 
area (y) was mottled from creeping replacement by new bone 


tion that It caved in Allison and Wolbach and Axhausen y-P 
similar cases of absorption in the mesial condyle of t e eniur 
caving m of the underlying articular cortex and 
chondritis dissecans type of loose body Ako I have n 
carcinoma and Gaucher’s disease in the head o ^ ^ [ncom- 

same type of collapse The results were very f -.b 

plete reorganization o£ the necrotic area and 

■^TWadi, S B, and Allison, N Osteochondnlis Dissecans, Arcl. Sna 

16 1176 (June) 1928 ^ unci 

12 Axhausen, G Ueber anamische 'Vreb £ 

Bedeutung fur die Lehre von den primaren Ep.physennekrose 

151 72, 1928 
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permanent impairment of the joint On the other hand, the central area 
of necroMs of the left head neither involved the superior portion nor so 
jakened it that collapse resulted Consequently, with reorganization 
f the necrotic area the bone was restored practically to normal, and in 
the absence of extension of the process to the surface with necrosis of 
articular cartilage, arthritis deformans was not a sequel 

One feature of case 6, namely, the roentgen evidence of extensive 
sorption m the necrotic field of each head of the femur, suggests that 
some actor other than simple blockage of the circulation to the bone 
may have been active The area of reduced density in the head of the 
e femur was not unlike that produced by the fibrous and cystic areas 
seen beneath the articular cortex of either the head or the acetabulum in 
ca^es of chronic hypertrophic arthritis, which again suggests an etiologic 
relation with that condition 


RELATION TO OSTEOCHONDRITIS DISSECANS 

Freund regarded the lesions m his case as falling in the category of 
osteochondntis dissecans However, there is some difference between 
t is condition and that of the knee and elbow which Koenig designated 
^ osteochondritis dissecans and which has since been repeatedly 
^cribed for these and various other joints The following summary 
0 changes is based on a personal experience with the pathologic features 
o more than 25 cases In a typical case of osteochondritis dissecans, such 
^ that of the lateral surface of the mesial condvle of the femur, which is 
y far the commonest site of the disease, a more or less flat oval body 
consisting of articular cartilage and underlying bone has its bom con- 
nections with the epiphysis severed The cartilage often remains mcom- 
p etely attached for indefinite periods, while loose fibrous connections are 
r^uently present between the underlying surface of the body and its bed 
e amount of bone in the loose body vanes in different cases from a 
^yer measunng 1 cm or more in thickness at its central portion to noth- 
ing more than incomplete remnants of the articular cortex The separated 
surfaces of both the loose body and its bony bed are found covered by a 
thin fibrous or fibrocartilaginous layer, and the loose fibrous attachments, 
when present, connect the two Roentgenograms show the outline of the 
cd and also of the bony part of the loose body, whether it remains in 
situ or IS displaced free into the joint 

Microscopic examination reveals evidence which substantiates the 
view that at the onset of the process there was necrosis of the bone, 
which, with its overlying cartilage, later became detached In some cases 
e old dead bone and marrow are found practically unchanged, or there 

G Ueber den Abgrenzungs\organg am epiph>saren Knodieji 
\ steochondntis dissecans), Virchows Arch f path Anat 252 458 1924 
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m.i\ Ik l)ony detritus filling the marrow spaces, which indicates that use 
ha. hruhen the necrotic bone loose and that friction has produced 
lioudered bone which has early been driven into the marrou spaces 
Ifowcier, It tlie loose body remains m its bed for some time the bone is 
usually iinaded by blood vessels and fibrous tissue and is slowly replaced 
in \ar\ing degrees by new bone The articular cartilage suffers varying 
degiccs of nutritional disturbance, but after revascularization of the 
uiiderly'ing bone and reestablishment of a source of nutrition by per- 
meating serum the cartilage cells may improve in vitality and staining 
properties Judging from roentgen studies, there are cases in which 
loose bodies become reattached and reorganized, all traces of the lesion 
eventually disappearing In cases of complete detachment and of failure 
of revmscularization the deeper portions of cartilage become necrotic and 
may calcify But the superficial fibrous layer, as well as the fibrous co\- 
ering of the bony surface, usually proliferates as a result of nutrition 
derived from the synovial fluid and forms layers of fibrocartilage, which 
may calcify 

There are two ways in which the usual type of osteochondritis 
dissecans differs from the formation of loose bodies associated with mas 
sive necrosis and consisting of articular cartilage and bone detached from 
the articular surface In the first place, the surrounding bone nearly 
always appears normal m the roentgenograms, which indicates that all 
of the bone which became necrotic had been detached, whereas m t le 

cases of massive necrosis of bone bordering on joints of the type observe 

in case 6 the weight-bearing portion becomes detached while the rea^ 
tively large remaining necrotic portion undergoes creeping substitu^^^^ 
by atypical new bone which is demonstrable m roentgenograms ^ 
previously cited cases of Allison and Wolbach and ot Axhausen 
only ones on record in which there was evidence of 
ment of surrounding bone of any sort in a case of osteoc 


dissecans bordering on the knee joint hondno^ 

In the second place, the loose body m a case 
dissecans much less frequently becomes reattached m its e 
and replaced by new bone than does the loose body explaiiaJ!*^*' 

ence of massive necrosis of bone bordering on joints .^Qchoiidrit'’ 

may be the relative smallness of the body associated wit 
dissecans with its greater freedom for displacement 
The theories as to the etiology of osteochondritis 
Koenig type are all more or less open to critici^ (.^motion au'* ’ 
mechanical factors m the form of weight 

cular pull bring about, through repeated compre j 

gradual detachment of the most exposed portion ^ pxncnm<-nf^ ^ 

This IS strongly supported by the microtrauma 
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scher/^ who, working with cadavers, succeeded in detaching bodies of 
similar size and shape from the lateral surface of the mesial condyle of 
the femur and from the top of the head of the femur by anchoring the 
bone of the proximal side of the joint and impacting the articular surfaces 
thousands of times by means of a revolving motor attached to the bone of 
the distal side of the joint Another theory still unsubstantiated is that a 
single trauma either breaks the chip loose or interrupts the blood supply, 
after which the body gradually separates from weight bearing and absorp- 
tion Axhausen's theory of bland arterial embolism meets with strong 
objection, especially because of the fact that there are sites of marked 
predilection without reason why emboli should lodge in those particular 
locations Since the disease develops almost entirely during adolescence 
and in the first third of adult life, it is reasonably certain that arterio- 
sclerosis IS not the cause , on the other hand, this age incidence does not 
exclude the possibility of trauma or of some form of obliterative endarter- 
itis More experimental and pathologic studies will be necessary for the 
final solution of this question 

NECROSIS OF THE LUNATE BONE 

Aseptic necrosis of the lunate bone is so well established that it will 
not be considered at length The condition was first described by Kien- 
bock as malacia following a tear of the blood vessels of its dorsal liga- 
ments and nutritional disturbance of the bone Preisser assumed that the 
tear of the blood vessels led to simple necrosis of the bone Then fol- 
lowed the supposition that vascular interruption produced by a painless 
compression fracture results in necrosis of the bone with subsequent 
deformity and arthritis Nagura has recently written in support of 
this view, basing his claim mainly on the operative finding when the 
condition is ‘hn full bloom” of a fracture line within the bone, filled 
with a callus of fibrocartilage However, I have seen the same fibro- 
cartilage filling the line of separation between the necrotic and the living 
portion of the head of the femur in cases of necrosis of the head com- 
plicating slipped epiphysis JMueller and Axhausen each regarded 
the theory of a primary compression fracture as untenable in \ lew of the 
absence of a history of an injury with pain at the onset and the marked 

14 Kuntschcr G Ueber das Wesen dcr mechanised bcdnigtcn Knochen- und 
Gclcnkcrkrankungcn Arch f klin Chir 193 665 1938 

15 Nagura, S Die Pathologic und PathogLiiesc dtr sogciianntcn Lunatum- 
malacic Arch f klin Chir 137 40=; 1939 

16 Mueller, W Ueber die Erueichung und \Vrdichtiing dcs Os lunatum, 
unt t>pischc Erkrankung dcs Handgelcnks Bcitr z khn Chir 119 064 1920 

17 Axhausen G Nicht Malacie soiidcrn \ckrosc dcs Os lunatum carpi, 
\rcli f khn Chir 129 26 1924 
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(.li,.ns;c» m him ichicli eventually ensue Mueller regarded the cause 
cml,,'Zr"'''' ’ *e theory of bland 

•i l.e p.nholog,c process consists of a primary necrosis ot practicall,' 

. Ot tht bone fiiere hllows a certain amount of compression of tiie 
cancellous bone, with cloudy increased density visible in roentgeno- 
grams le bone elongates anteroposteriorly, and vascular invasion 
and replacement of dead bone by new bone soon begin in the anterior 
an poster lor regions, at the points of ligamentous insertion Roent- 
genograms may then show small areas of reduced density, and, as the 
bone IS more compressed m its longitudinal axis, fracture lines usually 
appear, especially running transversely beneath the proximal cortex 
I he line may be filled with fibrous or cartilaginous callus, and the dead 
crushed bone meal may be forced into the dead marrow spaces There 
may be marked flattening of the bone and increase in density of niiicli 
of Its interior In other cases absorption of the necrotic bone may lead 
to a cavitary appearance of the flattened remains Eventually the 
necrotic bone is usually replaced by new bone, and the internal struc- 
ture assumes more nearly the density of normal bone Articular car- 
tilage undergoes varying degrees of necrosis and absorption, and luiicli 
of it IS replaced by fibrocartilage Hypertrophic ardiritis is often even 
tually established m the mtercarpal and radiocarpal joints Endarteritis 
obliterans, such as was present in the round ligament in Chandler's cases 
of idiopathic necrosis of the femoral heads, has not been reported in asso- 
ciation with this condition 

The pathologic picture m the stage of compression and partial 
absorption and subsitution by new bone is illustrated by the follow nio 
case 

Case 7 — A man aged 20 years, while working as a steam fitter, had w ^ 
pain and slight swelling in the right wrist There was no to 

although his work necessitated much twisting of the wnst e c 
work, but the condition slowly grew worse, so that after four mon ^ pi,^,jcal 
to a lighter job One month later the wrist was stdl 
examination revealed slight swelling over the front and ac o [jggirj icd 
m the region of the lunate bone, and on palpation there was a s 
mg in the line of the wrist joint Motion of the wrist was m e ilc 

painful in all directions There was slight tenderness over le 
region of the lunate bone A roentgenogram (fig 2 ) 
posterior view a slight unevenness and flattening of the C 

of the lunate bone, the density of which was .ln_ wri^i J' ' ' 

island of reduced density bordering on . 


mally, where there was an island ot reducea aensuy anter»'/ 

In the lateral view the shadow of the bone was mere 
diameter and shortened longitudinally, especially ® ^ctua 
there was a line of reduced density suggesUng a path S 
lipping of the anterior margin of the radius at its low 
no changes m the carpal joints 


r'f' 




Tig 21 (case 7) —Microscopic sections of the lunate bone reino\cd ught and 
One half months after onset of symptoms A necrotic cortex ( y) an poor > 
staining articular cartilage (r) B zone of transformation The cartilage (x) 
and the bone arc being absorbed and replaced b> new bone and fibrous marrow 
^ dead bone (to) being replaced b> fibrous tissue (::) 
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Wptit ntuobis of the lunate bone was djagnosed, and subsequently the dis 
t istd (u)nc LXLisid It was broken jnto an anterior fragment wi a 
iraunuil. uluch ucre flattened and elongated Some of the arbcular cartilage 
uas nuaa, \\lulc other regions bad a fibrous overgrowth. The interior of the 
|u.^lo^Io^ iragincnt was mottled gray, with islands of bone interspersed m granu- 
/ ltlun^ I he anterior fragment consisted of similar material in its postenor portion, 
but the ante nor part consisted of viable-appearing cancellous bone 

Mitrostupic sections confirmed the viable nature of the cancellous bone m 
the anterior portion, the trabeculae of which were irregular and gave the appear- 
uiec ot FLCoustruction Sections of the middle and posterior portions showed in 
ionie regions the old articular cortex and the spongy bone for a short distance 
beneath to be necrotic The overlying articular cartilage was of normal thickness, 
but its cartilage cells stained poorly and there was calcification m its midportion 
(hg* 21^1) In other regions the articular cortex and the cancellous bone had 
been absorbed and replaced by very fine living trabeculated bone and fibrous and 
hemopoietic marrow, while the articular cartilage was extensively necrotic, over- 
grown and replaced by fibrous tissue (fig 21 B) The interior (fig 21 C) con 
sisted of necrotic bone, some of which had been pulverized in the compression, 
and fibrous tissue, which m places was absorbing the necrotic trabeculae There 
were no vascular changes and very few infiltrative cells to be seen throughout the 
sections The changes were those of necrosis of the entire bone with partial 
invasion and replacement by living bone, partial compression and erosion of 
trabeculae and partial replacement of necrotic bone by fibrous tissue The articular 
cartilage had suffered marked nutritional impairment and in places was being 
replaced by fibrous tissue That chrome hypertrophic arthritis was m the proctss 
of development was indicated by the beginning lipping of the joint margin of tlit 
lower end of the radius, visible in the roentgenogram The cause of the necrosis 
remains as obscure as in the case of idiopathic necrosis of the head of the u»nr 
m adults, although traumatic factors should perhaps receive the same degree o 
consideration in the two conditions 


SUMMARY 

Additional cases are reported of infarction and of secondary 
deformans due to blockage of circulation m the bone m adults in ^ ‘ 
that the lesion is not uncommon 

Less was determined of the causation of these conditions t 
usually determinable in case of infarcts of the viscera or 
limbs Caisson disease was the established cause in 1 
nature of the osseous and articular pathologic processes 
ease was verified m 1 of the previously reported cases ' i 

head of the femur subsequently removed at operation * 
was a probable cause in another case Illustrations c 

an mfarct of the talus of a hrab amputated for artenosclerout „ 

(case of Jaffe and Pomeranz) lou- I 

In 2 cases an mfarct of the shaft of un e .-d ^ 

associated with multiple hypertrophic . tuo 

rarsed the question of an et.olog.c relat.on between the 
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GASTRIC POLYPS 

report of two cases, classification of BEMGN IILCOSAL 
TUMORS OF THF STOAIACH 

RUDOLF SCHINDLER, MD 

CHICAGO 

AND 

FRANK B McGLONE, MD 

DENVER 

The purpose of this paper is to report the occurrence of unusual 
enign tumor growths of the stomach in 2 members of the same tamilv 
n these cases the tumors of 2 sisters were removed surgically The 
esions were found to be histologically similar polypoid growths 


REPORT or C\SES 


woman was seen by Dr James I Baltz of Detroit on Sept 9, ^939 
e history was that of epigastric distress of ten years^ duration The distress 
was described as a burning sensation not related to meals and occasionally 
re leved by administration of alkalis or change of position There had been 
no loss of weight For the past year the patient had noticed some numbness and 
ingling of the hands The mother of the patient had died at the age of 64 with 
carcinoma of the colon An older sister of the patient had had a gastnc tumor 
removed in 1929 at Philadelphia Sections of this tumor were obtained and will 
^e^desenbed later On physical examination there were no positive abnormalities 
e stools contained no occult blood, there was no anemia, and the gastnc con- 
contained free hydrochloric acid Roentgen examination revealed nothing 
conclusive An irregularity of the lesser curvature was noted, but no definite 
diagnosis was made 


Gasfroscoptc Examination — This was first made by Dr James I Baltz on 
cjHember 14, at which time he made the following observations at depth III 
Wi the button at 7 o'clock (greater curvature at the upper portion of the fundus) 
re was an area apparently 4 to 5 cm in diameter where the mucosa was 
wn into moderately heavy folds, here tliere were redness and swelling, but 
seen, the appearance was that of mild hypertrophic gastritis 
, ^ nionth later (October 6) the patient was again studied gastroscopically 

^ r Baltz, who found the picture changed There was less reddening of the 
mucosa Several heaped-up, small, apparently polypoid areas were seen, these 
cre roughened but not bleeding At this time the diagnosis of polyposis of tlie 
s omach was made and was discussed vvitli the patient 

n October 13 the patient was seen b> one of us (R S ) A vcr> unusual 
Sion of the posterior gastric wall was seen gastroscopicall> In depth If (mid- 
Portion of the stomach) some folds of the greater curvTiturc and posterior wtUI 

I"rom the Department of Medicine, tlic University of Chicago 
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- I u, ...s S.U, llicy were branch, „g but conrpletely st.ll ™d had a 
kr. no,l.. ar appearance In depth III (upper p„r,.„„ „f fc 

...1,11, be prolr„a,o„ (fe I) was observed which flattened out toward fl,e card,! 
llus was entirely slilF and appeared to be infiltrated, and nany surface nodes 

were seen JIucosal hemorrhaees, especially in the portion toward the lesser 
cur\.iturc, were noticed 


On No\tmbcr 15, examination with the gastroscope was again made At this 
time the loucr and tipper ends of the lesion were seen, and there ^vas definitely 
no slnrp limit at any side There was less bleedmg at this time, but other^vlse 
the picture was the same as that seen on the first examination It was felt that 
thiN was a case of tumor-forming gastritis, but an infiltrating carcinoma could 
not be ruled out A laparotomy with removal of a biopsy speamen from the 
upper posterior wall was suggested 

On November 30, a laparotomy was performed by Dr Alexander Brunschwig 
When the peritoneum was opened and the stomach examined manually, the tumor 
growths could not be felt, and the stomach was opened The upper posterior 
w'all of the stomach presented a markedly hypertrophic appearance In this region 
polypoid masses could be seen These were removed digitally, much as one would 



Fig 1 — Gastroscopic picture of a hyperplastic polyp A huge foldlikc pro^ 
trusion is seen This fold is entirely stiff and appears infiltrated, many 
nodes are visible Two granular folds are visible m the mucosa to the e 
the stomach 


pluck individual grapes from a bunch A section of the anterior wa 

stomach was excised for histologic study reit^kd 

Microscopic exammahon of the excised portion of the anterior wa 
normal mucosa This was m accord with the gastroscopic picture o 
nor wall 

The polypoid masses presented an unusual histologic cr>pt^» 

divisions of the growth (figs 2 and 3) were bordered or tK 

and the epithelium of the peripheral zone was vanable In ^ h>pcfr 

muscle and connective tissue core there were many cystic g an s . vver^ 

plastic surface layer and the stalk The majority of the glanOb, 
not unlike those of the normal gastric wall except that M r ' 

slightly dilated Body chief (zymogenic) and parietal (aci op 
in normal proportions ,.arn.d, 

The appearance of different portions of the grou Tl^r^ 

there were no glands which appeared imperfec^t or ^,, 3 , .1 

no evidence of any invasion of Ibe s.ail In the groivlb Ihea 



1485 


SCHINDLER-McGLONE—HYPERPL 4S TIC G 4STRIC POLYP S 


stitial inflammation, the predominant cells were lymphocytes and plasma cells, 
ut eosinophils and neutrophils were numerous in some areas 
The section of the tissue taken from the sister ten years previously showed a 
similar type of tumor, although from a different portion of the stomach 

This section (figs 4 and 5) represented a portion of a mucosal tumor covered 
y mucosa which closely resembled that of the adjacent pyloric wall The stalk 
was composed of smooth muscle (connected with the muscularis mucosae), blood 
vessels and connective tissue, which was continuous with the submucosa On the 
summit of the polypoid growth the branching prolongations of smooth muscle 
were thin The gastric glands covering the stalks had the character of pyloric 



2 — Hyperplastic polyp The photomicrograph shows a cross section of 

One of the tumors seen in fig 1 This polyp was located in the posterior gastric 

Wall, near the cardia Note the lack of inflammatory reaction throughout the 
polyp 


sands, with large mucous crjpts near tlic surface and witli small glands of tlic 
^nner type at their base There was \ery little difference between the Brunner 
glands m the polyp and those in the adjacent wall There were se\eral 
J ated glands located close to the stalks No unusual mitotic activitj was noted 
here were numerous interstitial cells in tlic papilloma and the adjacent mucosx 
AhesL consisted chiefly of plasma cells with some eosinophils and a lew ncutro 
Pluls The mucosa of the adjacent wall contained a few groups of I>mphoc>tcs 
'n follicular formation and there was a little pcrnascular infiltration of round 
^^lls m the outer Ia>crs of the muscular coat of the stomach No inflammation 
the submucosa was seen except m the stalk of the papilloma 
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Fig 3 — Higher magnification of a portion of the polyp seen m figure 2 Large 
complex crypts can be seen, and at the left a portion of the hyperplastic surface 
layer is visible In the center and to the right the glands are of the type normally 
seen in the cardial portion of the stomach 



4 — Hyperplastic polyp The Vumo ’’ 

taken from the sister of ^ 

2 and 3 The polyp is composed ^ J nur tie 
1 with hyperplastic mucosa This tumor 
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As seen nucroscopically, these growths were not true adenomatous polyps 
They were hyperplastic growths of the gastric mucosa formmg mtragastric tumors 
Such growths are very rare, 

COMMENT 

Classification of polypoid growths of the gastric mucosa is not easy, 
as these lesions are not common, and abundant histologic material is not 
available This is in contrast to conditions m the intestine, where such 



5 — Higher magnification of the gastric wall and the edge of the polyp 
seen in figure 40 The gastric glands covering the stalk have the character of 
pyloric glands with small glands of the Brunner type at their bases There is 
* tie difference between these glands and those of the adjacent pilonc mucosa 
•t 0 evidence of inflammation IS seen 


formations are frequently observed^ However, with the ad\ent of 
roentgen relief technic and gastroscopy, it has become obvious that 

t Klemperer, P Studies in Adenomatous Poljpi and Carcinoma oi the 
t-olon, Tr Am, Gastro-Entcrol A, 1938, p 88 


NSS 

polypoid £rro\vt/K nr« . 

^-^0, Lawrence/ m ynm was formerly th 
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Even t/mugl, polypo,d g^wth, !!f n '™0'a 

'-otiuent/y than those of the intef4e I are seen much less 

extensively ulcerative inHammations of t^ 

Mt,s, regtonal tle.tts and other crndtl! V f '“’ 
ation of inflammatory growths are not 

•j rare form of ulcerative atrophic hvl T° “ “'“'”“S'' 

does occur It ,5 possible therefore ^ S^'ritis of the aatnini 

of foe types of mucosal growths m foe sto^Lh 

the gastric mucosa, these mav ^ °wledge of polypoid growtiis of 
matory pseiidopolyps. which^ori™ 0) iiiUmi- 
the presence of chronic afrnnh ** ® ® compensatoiy formations in 
and (3 hyperplastic polyps (2) true adenomatous polyps, 

In the foscus^oVtofolirwIt”' Mse groups occur 

(«) gross aTd irr ' ™" '>'= considered acclrihng lo 

(c) relation to “copic appearance, (4) possible hereditaiy factors, 

(Cl relation to carcinoma and (if) differential diagnosis 


AND MICROSCOPIC APPEARANCE OF THE THREE TYPES 

fn ihn. ^66n noted, severe atrophic ulcerative gastntis leading 

lisj I Jon of inflammatory pseudopolyps is rare This disease 

especially by Konjetzny * Grossly the inflammation 
en IS restricted to the antrum Thick nodes of dilfereiit size coier 
mucosa, and between these shallow ulcerations are visible Micro- 
scopica y (^flg' 6) the mucosa is thoroughly atrophic The shalloiv 
u cerations do not penetrate the muscularis mucosae, but severe mfl'im- 
matory infiltration is seen even m the deeper layers of the gastric uiH 
The nodes consist chiefly of connective tissue containing numcrou:> 
plasma cells, apparently representing an attempt on the part oi fl'i- 
tissues at regeneration They may contain atypical tiibii/ea, iiontur 

2 Lawrence, J C Gastro-Intesfinal Polyps Stafislical Sfudi of 
Am J Surg 31 499, 1936 

3 Schindler, R The Incidence of the Vanou:> T'>pei» of G'xMi^ 

Revealed by Gastroscopic Study, Am ] M Sc 197 509, J9J9 

4 Konjet2ny, G E Ueber de Beziehungen der chronischen Cfi3trjri> ^ 
Folgeerscheinungen und des chronischen Magensulkus zur Entuickhin^' 
krebses, Beitr z khn Chir 85 455, 1913 
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their structure is so definitely inflammatory that they can scarcely be 
mistaken for true tumors 

2 True adenomatus polyps These represent the most common 
type of benign gastric tumor Adenomatous polyps are frequently soli- 
tary, but they may be multiple Often the} are seen with atrophic 
gastritis (especially in persons with pernicious anemia), which may be 
the soil for this growth They are either broad based or pedunculated 



6 — Microscopic section of an inflammatory pseudopolyp The glandular 
apparatus of the mucosa has disappeared , the mucosa is atrophic, containing raan> 
^sts of tlie gastric crypts and compensatory proliferation of the surface epithelium 
fhc polypoid growth contains some atypical tubules but consists chiefly of inflam- 
matory granulation tissue Note the severe inflammatory in\’asion of the mus- 
mucosae. 


hut always are sharply limited from the surrounding mucosa, their red 
color often is contrasted with the gra}ish pink of the surrounding 
atrophic mucosa Apical ulceration ma} occur, but this ulceration does 
*iot pro\e malignancy Histologically (fig 7) these pohps consist 
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*nuul\ ot “l.uidular tubules which present a dedifferentiated, though 
V(r’. ic'yul.ii, epithelium Between the tubules some inflammatory cells 
ir i\ be iib^erved 

d Ih peipKibtie jxjl)ps Although hyperplastic formations in the 
intestine ''etin to be trecpicnt,'’ we have not found in the literature other 
e be^ of true In iierplastic polyp formation in the stomach Grossly 
ihcbe pohpb aie not bharply defined, they blend with the surrounding 
mueoba, uliieh iippears swollen The folds are thickened, stiff and 
be.uh or {lartlv covered by small granules, which apparently are the 
lirbi btage* of the polyp formation 



Fig 7 —Photomicrograph of an adematous polyp, not 

l,ke arrangement Theje .3 Utile .nflan.mat,on, and the tntales 

gastric glands 

. of 

Microscopically (see figs 1, 2 
plastic gastric mucosa, the elements o specific 

It ,s important to note that the^ grovfi 2 casM, » 

of the surrounding mucosa T „sterior wall, 

polyp was from the upper portion of th p a p 

and acidophilic cells n ^ 

pyloric growth and centamed ,ery slight No s.roP" ^ 

inflammatory reaction was pre , Patbogent’’, 

^ a T A Intestinal Pobps 

5 Bargen, R. J > and o J j 939 

Relation to Malignancy, Surg, Gynec 
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changes were seen, and the mucosa from a portion of the stomach 
remote from the lesion was normal 


HEREDITARY FACTORS 

Familial occurrence of intestinal polyps is well known, ° but some 
observers have stated that gastric polypsois, m contrast to colomc poly- 
posis, has no definite hereditary factors There is no defimte evidence 
to show any familial tendency of the first t^vo types of gastnc polypoid 
g^o^vths (pseudopolyps and adenomas) In this paper, however, we 
have presented 2 cases of a third group (h 3 rperplastic polyps) which 
occurred in 2 sisters This familial occurrence should not be considered 
a mere coincidence, as this condition is extremely rare This observa- 
tion seems to show that at least in the hyperplastic polypoid formations 
of the stomach there may be a definite heredofamilial tendency 


RELATION TO GASTRIC CARCINOMA 

1 Pseiidopolyps — Konjetzny® has shown transitions from gastritis 
to polyp to carcinoma There can be little doubt that atrophic gastritis 
wth compensatory inflammatory nodes may in some cases lead to 

carcinoma 


2 Adenomatous Polyps — Solitary or multiple adenomatous polyps 
ansing from atrophic gastritis are generally beheved to be precancerous 
lesions When multiple benign adenomas are found, one of which 
shows carcinomatous degeneration, a definite relation can scarcely be 
doubted® Miller and his associates^® reported cases of adenomatous 
polyp in which carcinomatous degeneration was observed It seems, 
however, that the gradual development of a certainly bemgn tumor into 
carcinoma has not yet been observed chmcally In 1 case of our own 
observation a small filhng defect was observed at roentgen examina- 
tion three years before surgical removal of a polypoid carcinoma grow- 
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z 


6 T^nnesen, H Polyposis Gastrointestinalis, Acta chir Scandmav 68 (supp 
1» 1931 Wechselmann, L- Pol}^ und Carcinom im Magen-Darmkanal, Beitr 

klin Chir 70 855, 1910 Lockhart-Mummery, P Cancer and Heredity, Lancet 
1 427, 1925 

7 Brunn, H, and Pearl, F 
1938 


Multiple Gastnc PoI>posis, Am J Surg 40 51, 


8 Konjetzny, G E Beziehungen der chronischen Gastritis zum Magen- 
^rebs, Verhandl d deutsch Gesellsch f Qiir 43 (pt 1) 65 1914 

9 Mcnetrier, P Des polyadenomes gastnques et de leurs rapports a\cc Ic 
cancer de Testomac, Arch de physiol norm et path 1 236, 1883 

10 Miller, T G , Eliason, E L , and Wnght, V W M Carcinomatous 
l^cgcncration of Polyp of the Stomach, Arch Int Med 46 841 (Nov) 1930 

11 Schindler, and Gold, R L Gastroscopy in Earl> Carcinoma Surg 
6L Obst 69 1 (July) 1939 



IRC HIVES OP SURGERY 
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It IS not certain that three years is a long 
benign nature of the growth at the time 


0 //vMp/aHic /o/yps— Nothing is known about the relation of 
tfic h>pcrpl.u,tic polyp to carcinoma One of our patients, operated on 
lui \cari. ago, is living and well at present, and the other patient, 
operated on m November 1939, is living and gaming weight It is 
nuuhle, however, that tlie mother died of carcinoma of the colon, 
although this could be purely coincidental It should be remembered, 
houever, that hyperplastic changes m the intestine have a definite 
relation to carcinoma “ 


DIFFERENTIAL DIAGNOSIS 


1 I he correct diagnosis of the inflammatory formation of pseudo- 
polyps IS diflicalt However, the roentgen picture of round, regular 
lillmg defects together with narrowing of the antrum may suggest tins 
form At gastroscopic examination the differential diagnosis between 
pseudopolyps and infiltrating carcinoma with superfiaal ulcerations 
seems to be impossible 

2 The true adenomas are easily diagnosed gastroscopically The 
picture IS characteristic, consisting of red elevations covered by mucosa 
on the background of the thinned, grayish, atrophic mucosa The eleva- 
tions are pedunculated or broad based and rarely ulcerated The picture 
IS typical and not likely to be mistaken The diagnosis of early cara- 
nomatous change may be difficult, however, this remains to be seen 
At roentgen examination small, round, sharply defined filling defects 
are sometimes seen For the diagnosis of small adenomas gastroscopic 


study IS the supenor method 

3 The differential diagnosis of the third type, the hyperplast 
polyp, has proved unexpectedly difficult The first observer 
case (Dr Baltz) diagnosed hypertrophic gastritis of the 
on his first examination but later saw and described wit 
correctness the origm of bemgn tumors m this area VV ^ 
us (R S ) examined the patient the tumors could no lon^ 
cemed They had grown so closely together and J os 
connection between them and the surroun mg diagnOi<^^ 

that tumor simulating gastritis and carcinoma were / 


msidered 

SUMMARY , 

In 2 sisters, hyperplastic polyps originating upper 

ucosa were found The lesions were locat^ed m 1 
irtion of the postenor wall of the stomach formations 

done antrum The microscopic picture o 
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Comparison of these lesions with other polypoid growths of tlie 
stomach leads to a division of gastric polypoid growths into three 
groups (1) inflammatory pseudopolyps, (2) adenomatous polyps, and 
(3) hyperplastic polyps 

The gross and microscopic pictures of the three groups are described 
The possible role of hereditary factors, the relation to carcinoma and 
the differential diagnosis are discussed 

The first patient was referred to us by Dr James I Baltz, who also reported 
the clinii:al data. The material m the case of the second patient was supplied by 
l^r John H Gibbon Jr and Dr John Bauer, pathologist at the Pennsylvama 
Hospital in Philadelphia The study and description of the microscopic sections 
are the contribution of Dr Eleanor M Humphreys 
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the gallbladder 

A POSTaMORTExAI study 
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absolute amounts of the 'retted simply to determimnj’ the 

Late beet. oTtIm ee If mf" Tf 

on bile taken nncf 7 ” g'abbJadder bile taken at operation, (2) 

bhdd r Ue^ and (3) on gall- 

thrfirst tf Comparisons have been made between 

f erfftf Tt anf of h'Tt 

y of the detenninations are truly physiologic 
y be debated-the very fact that operation on the biliary L im 
quire impugns the validity of the results McNee ^ pointed out that 
mos results and methods are unsatisfactory The present study differs 
m t e ormer ones in that the hepatic bile used for these determina- 
ns was taken at the same time as the gallbladder bile in cases in whicli 

biliary tree had not been performed and in which the 
gallbladder and the liver were grossly normal 

There is a second group of determinations in the hterature, on 
experimental animals These were taken more or less simultaneously, 
and comparisons were made However, man is the only animal in which 
cholesterol stones are common, particularly in the aged ~ 

The objective in this paper is to compare the concentration of hepatic 
cholesterol by the gallbladder with the concentration of hepatic bilirubin 
by that organ The analyses were all done on specimens obtained post 
mortem It is hoped that by these comparisons it will be possible to 
determine whether the gallbladder decreases by absorption, increases 

Work done in the Section on Pathologic Anatomy, and the Division 
Biochemistry, the Mayo Clinic 

1 McNee, J W Cholestenn An Account of Its Relations to PatholOsJ 
and Physiology, Quart J Med 7 221-236 (April) 1914 

2 Mentzer, S H A Clinical and Pathologic Study of Cholecystitis 
Cholelithiasis, Surg, Gynec & Obst 42 782-793 (June) 1926 
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LLOYD^BI LI RUBIN AND CHOLESTEROL 

by secretion or simply concentrates the hepatic cholesterol which is 
ehvered to it Besides this, certain factual data will be presented for 
the first time Only two references can be found relative to determina- 
tions on postmortem hepatic bile ^ Newer and more delicate quantitative 
analyses now make these determinations feasible, though they are still 
difficult and frequently subject to error that is too great 

REVIEW or THE LITERATURE 

Various investigators have made determinations of the quantities of 
c olesterol and bilirubin in hepatic and in gallbladder bile Many of 
t ese figures antedate satisfactory experimental or clinical methods, 
ut even recent workers have obtained widely varying results The 
values for hepatic bilirubin obtained by various investigators vary from 
15 to 128 mg per hundred cubic centimeters ^ Those for hepatic 
c olesterol vary from 0 to 2 32 Gm per hundred cubic centimeters ^ 

A similar situation is evident on study of the determinations found 
in the hterature for gallbladder bilirubin and cholesterol The quantities 
of bilirubin vary from 3 5 mg per hundred cubic centimeters for healthy 
normal subjects to as high as 1,786 mg per hundred cubic centimeters ® 

3 (a) Elman, R , and Taussig, J B The Cholesterol Function of the Gall 
Bladder, J Exper Med 54 775-787 (Nov) 1931 (&) Fox, F W The Com- 

position of Human Bile and Its Bearing upon Sterol Metabolism, Quart J Med 
21 107-121 (Oct) 1927 

^ (o) Antic, D , and Goropevsek, M Cholesterin und Bilirubin in der Galle 
ihr diagnostischer Wert, Arch f Verdauungskr 61 334-343, 1937 (6) Elton, 

W Bihrubin Concentrations m the Human Gallbladder, Arru J Clin Path 
81-90 (Jan ) 1936 (c) Greene, C H , Walters, W , and Fredenckson, C H 

he Composition of the Bile Following the Relief of Biliary Obstruction, J Clin 
nvesUgation 9 295-310 (Dec ) 1930 {d) Newman, C Physiology of the Gall- 
ladder and Its Functional Abnormalities I Physiology, Lancet 1 785-791 
(April 15) 1933, II Disorders of Motility, ibid 1 841-848 (Apnl 22) 1933, III 
^normalities of Concentration and Secretion m the Gall-Bladder, ibid 1 896- 
f (April 29) 1933 (^) Rosenbloom, J A Quantitative Chemical Analysis of 

uman Bile, J Biol Chem 14 241-244, 1913 (/) Schondube, W , and Kalk, H 

eoer modeme Methoden in der Diagnostik der Gallenblasenerkrankungen, Med 
Klim 21 1949-1952 (Dec 24) 1925 ig) Elman and Taussig 3a 

5 {(Y) Bockus, H L, and Eiman, J Experimental and Clinical Significance 
Qf the Cholesterol Content of the Bile, Arch Int Med 34 161-167 (Aug ) 1924 
( ) Bronner, H Wasserstoffionenkoruentration der Galle und Stcinbildung 

rch. f lUin Chir 180 597-599, 1934 (c) Riegcl, C, Ra\din, I S , ilornson 

J, and Potter, M J Studies of Gallbladder Function XI The ComposiUon 
ot the Gallbladder Bile in Pregnancy, JAMA 105 1343-1344 (Oct 26) 1935 
( ) Elman and Taussig 3a Fov3b Antic and GoropcNsck Rosenbloom 

6 Mentzer 2 Elman and Taussig 3a Antic and Goropc\sck Elton 

Schondube and Kalk 
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01 diolcstcrol vary from less than 50 mg to 176 Gm ner 
cnhic vu.t, meters ' Various explanations are current as to 

I ,7 r",'"’ ‘“1^ 'T significance in the theoretic 

to u'lijch these data are applied » 

'1 here are four distinct opinions as to the activity of the gallbladder 
m regard to biliary cholesterol (1) that the gallbladder absorbs 
I iiolcstcrol troiii the bile , “ (2) that it secretes cholesterol into the bile, 

' ‘>»npl 3 concentrates biliary cholesterol />m with the 


/ (a) \ndrcus, E Detailed Studies of a Senes of Gall-Bladder Cases, 
Mirg. Gjiiec & Obst 57.36-50 (July) 1933 (b) Andrews, E , Hrdina, L, and 
Dos la I, L E Etiology of Gallstones II Analysis of Duct Bile from Diseased 
Incrs, \rch Surg 25 1081-1089 (Dec) 1932 (c) Fowweather, F S, and Cdl- 
lii^oii, G A Certain Chemical Changes Associated with Gall-Stones, with 
tspccial Kefcreiicc to the Relation Between Gall-Stones and Hypercholesterolaemia, 
Brit J Surg 14 583-608 (April) 1927 (d) Newman, C E Beitrag ztrtn 

Studiuiu dcr Galleiiniederschlags- und Gallensteinbildung, Beitr z path Anat 
u 2 allg Path 8G 187-200, 1931 (e) Ravdm, I S , Riegel, C , Johnston, C G, 
and Itlorrison, P J Studies in Biliary Tract Disease, JAMA 103 ISOP 
1509 (Nov 17) 1934 (/) Riegel, C , Ravdm, I S , Johnston, C G, and Mornson, 

P J Studies of Gall-Bladder Function XIII The Composition of the Gall- 
Bladder Bile and Calculi in Gall-Bladder Disease, Surg, Gynec & Obst 62 933- 
940 (Jilay) 1936 (p) Elman and Taussig Fox®** Antic and Gocopevsek 

Xew man ■**' Rosenbloom Bockus and Eiman Riegel and others 

8 Andrews, E , Schoenheimer, R , and Hrdina, L Etiology of Gallstones 
I Chemical Factors and the Role of the Gallbladder, Arch Surg 25 /’96-SlO 


(Oct ) 1932 Fitz, R , and Aldnch, M Clinical Observations on Certain Con 
stituents of the Bile, JAMA 79 2129-2132 (Dec 23) 1922 Ivy, A C 
Physiology of the Gallbladder, Physiol Rev 14 1-102 (Jsa ) 1934 Riegel, C, 
Ravdm, I S , and Rose, H J Studies of Gallbladder Function XV Cholestwo 
in Human Liver Bile, J Clin Investigation 16 67-72 (Jan ) 1937 Whipple, G ^ 
The Origm and Significance of the Constituents of the Bile, Physiol Rev 
440-459 (July) 1922 Elton Greene and others Newman Bockus an 

Eiman Bronner Andrews and others Ravdm and others 

9 (fl) Aschoff, L Wie entstehen die reinen aolesterinsteine? Mun 

med Wchnschr 60 1753-1756 (Aug 12) 1913, (b) Lectures 
York, Paul B Hoefaer, Inc , 1924, pp 181 and 206 (c) Boyd, 

Problems, Canad M A J 12 689-693 (Oct) ^ /f VTiVTo Wi»k 
Cholesterosis of the Gallbladder, Am J Path 1 383-388 (Ju y gspsaal 

enwerder, W L A Study of Resorption from the Bell 

Reference to the Morphology and Permeabihty of the oi tli' 

Johns Hopkins Hosp 46 272-295, 1930, (/) A Study 
Gall-Bladder of the Cat, ibid 41 226-238, 1927 n ic .'Strawh^''^'’’ 

10 Elman, R, and Graham. E A The Pathogenesis of 
Gallbladder, Arch Surg 24 14-22 (Jan ) 1932 Nauiwn, B D ^ 

.hre Entstehung and ihr Bau, Mitt a d Gremgeb d Med 
1921 Elman and Taussig Ravdm and others « 
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lloyd-bilirubin and cholesterol 

ther biliary constituents, and (4) that its activity varies with the 
relative concentration of cholesterol in the blood and bile 


METHODS 

^ bile was obtained as soon as possible at postmortem examination Many 
such unsuitable for study, smce any number of condiUons supervened, 

henah^ Previous cholecystectomy, cholelithiasis with or without cholecystitis, 
so bepatic cirrhosis, jaundice of any type, limited examinations and 

e. t satisfactory cases the intestines were removed first, and then the 

bladd biliary tree was exposed With as little disturbance to the gall- 

er possible, a hemostat was placed on the cystic duct and a second on the 
n^on hepatic duct Then the liver and gallbladder were removed together 
a bl ^ bile was aspirated from the hepatic ducts by a small S 3 ringe and 

to Jarge caliber Occasionally, apparently empty ducts can be made 

yie a sufl5cient quantitity by pressure on the substance of the liver Care must 
e exercised to avoid contamination by gallbladder bile or blood The bile of 
^e nomal-appeanng gallbladder was then aspirated \vith a sharp needle of similar 
^ specimens were kept in the ice box until exammed 
little ^ determinations were carried out m the following manner As 

la ^ hepatic bile may prove suffiaent for the determinations The 

bigger the quantity of bile obtained, the more accurate are the determinations The 
det^ diluted with distilled water m order to make a satisfactory bihrubin 

bile^^^”^^^" cubic centimeter of gallbladder bile is used and all the hepatic 

^ c tamed Dilution is carried out until the diluted bile is somewhat darker 
gr^ ^ uiildly icteric blood serum All cellular debris or sediment in the 15 cc 
it tubes used for collecting and measuring the bile is shaken until 

^ IS omogeneously suspended throughout For bilirubin determinations the hepatic 
one h^*^ from five to thirty times and the cholecystic dilution from ten to 

for times One cubic centimeter of the diluted specimen is used 

'vhich^ determination (according to the technic of Gibson and Goodrich 

the ^^corded as milligrams per hundred cubic centimeters In each instance 
the diluted hepatic bile is run for the cholesterol content according to 

^ te chnic of Elman and Taussig For the determinations of gallbladder 


Ch V E , Dostal, L E , GofiF, M , and Hrdina, L Mechanism of 

0 ^terol Gall-Stone Formation, Ann Surg 96 615-623 (Oct ) 1932 Andrews, 

1 ostal, L E, and Hrdina, L Etiology of Gallstones IV Is Cholesterol 

^xcreted by the Gallbladder Mucosa^ Arch Surg 26 382-388 (Alarch) 1933 
Vl^n^ * ^ * Johnston, C G , and Ravdin, I S Studies on Gall Bladder Function 
Q .. Pigment and Cholesterol m Hepatic Bile Subjected to 

j « Bladder Activity, J Exper Aled 56 1-13 (July) 1932 Riegel, C , Ra^din, 

Johnston, C G Studies of Gall-Bladder Function VI The Absorption 
99 ^^^ts and Cholesterol from the Bile-Free Gall Bladder, Am J Ph>siol 

(Feb) 1932 Fox Riegel and others Winkenwcrder 

Wilkie, A L, and Doubilet, H Passage of Cholesterol Through the 
lucosa of the Gallbladder, Arch. Surg 26 110-121 (Jan.) 1933 

Hawk, p B Practical Physiological Chemistry, Philadelphia, P Blakis- 
tons Son Co, 1937 

Elman, R, and Taussig, J B The Quantitatnc Determination of 

noicsterol m Uic Bile, J Lab 6L Clin ^fed 17 27A-279 (Dec.) 1931 
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i I.C W, ,„(„,, .la.r„„.,a„o..s arc done according ,o Uie tectoic of Gten 
...I rnl, l„ I CC>- ol dduied bile ... a IS cc graduated tube ,s added 1 cc 
I hrUU s </t.uo aigc.it. and the mixture is shaken When the color is fully 
S c-.v!t'pcd. - cc ot s iturateil ammonium sulfate solution is added Then 9 cc. of 95 
. cr cent ifcohol bring, the solution to 13 cc. and the solution is shaken vigorously 
ri.c Hdution 1 . unde to the b cc mark with concentrated hydrochloric aad and 
stirred thorouglilj \ttcr fuc to ten minutes it is filtered and read against a pure 
bihnibin standard, previously prepared 


1 he unknowns to be used for the cholesterol determinations are mixed with 
o cc ot 95 per cent alcohol This is heated in a water bath to 70 C for a few 
nuiuUcs and filtered, whicli removes most of the bilirubin and protein The result- 
ing alcoholic solution is extracted three times with purified petroleum benzine 
C S P (petroleum ether) in a separatory funnel, one uses m all about 100 cc. of 
purified petroleum benzine This is evaporated to dryness on a water bath. The 
residue IS taken up in ciilorotorm, and the determination is made against a simultane- 
ously detenmned standard solution 


RESULTS 

1 he results obtained in the present investigation are summarized 
in tlie accompanying tables Thirty-one cases were studied These 
could be subdivided into three fairly defimte groups (1) cases m which 
the concentration of bilirubin and cholesterol was approximately equal 
— 19 of the 31 cases (table 1) , (2) cases in which the relative concen- 
tration of the bilirubin was greater than that of cholesterol, mdicating 
absorption of cholesterol — 8 cases (table 2), and (3) cases m which the 
relative concentration of the cholesterol was greater than that of bihru m 
— 4 cases (table 3) 

With the exception of the report of Ehnan and Taussig no otiier 
paper presents such data as these simultaneous determinations of hepati 
and gallbladder cliolesterol and bihrubin 

Wide variations m the bilimbm and cholesterol content , 

hepatic and gallbladder bile existed in all three groups ^ to 

(table 1) the extreme variations for the hepatic ^ ,^^y,rubiii 

1,720 mg per hundred cubic centimeters and for the ga ^ 
were 96 to 6,000 mg per hundred cubic 245 The 

concentration of the hepatic bilirubm varied om ^ ^ gj 

value for hepatic cholesterol was as low as 025 mg an ^^ntiineter 
mg per cubic centimeter The cholesterol conten ^r 
of bile from the gallbladder was from 08 mg to 
of cholesterol in the gallbladder bile to cholesterol m the 

from 0 6 to 21 4 

Therefore, the.e re^uii^ 

15 Gibson and Goodrich used 2 cc ^ cubic centimeter, 

multiplied by 2 to get results in milligrams p 



Table \ — Comparative Concentration of Hepatic Bilmibin and Cholesterol by the 
Gallbladder in White Subjects Cas,s m IV Inch the Concentration of 
Bilirubin and That of Cholesterol U'as Approximatelv Equal 


^ Age, 
bahned Years 

Sex 

Ho- GaU 
patic bladder 
Bill Bill 

rubln, rubln, 
Mg per Mg per 
100 Cc 100 Cc. 

BUI 

rubln 

to 

He- 

patic 

Bin 

rubln 

— 

42 

P 

912 

1660 

17 

+ 

29 

M 

230 

3,540 

164 

+ 

50 

M 

200 

4,905 

24 5 

+ 

63 

M 

1,720 

2 520 

L5 

+ 

C7 

M 

528 

1995 

38 

— 

52 

P 

540 

1,640 

2^ 

- 

48 

P 

612 

1570 

31 

+ 

30 

P 

ICO 

ISO 

1^ 

+ 

38 

M 

112 

647 6 

4-9 

+ 

4: 
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Ratio 

Eatio ot 

of GaU 

GqU bladder 

bladder GaU Cbo* 

Ho- bladder les 


Cau £0 of 
Death 


Gross 
Pathologic 
Change 
(Liver 
Gallbladder, 
Bile Ducts) 


06 


333 


2 2 llaUgnant glioma 
bronchopneu 
monia 

15 0 Malignant glioma Gallbladder 
bronchopneu cholesterol 
monia 


lung cerebral 
metastasis 


polyps 


Gallbladder 

cholesterosis 


pyelonephritis 
Icterus grade 2* grade 2* 

bronchopneu 
moula 

3 0 Chronic duodenal Liver 

ulcer broncho- atrophy 

pneumonia grade 1-1-* 

4 9 Calcareous Cysts of 

aortic stenosis liver 

dilatation of 
left ventricle 


Gallbladder 
cholesterosis 
grade 2* 


60 


90 


goiter hemor 
rhage 

1 6 Aneurysm of 

circle of WIUIs 
rupture with 
hemorrhage 

4 1 Carcinoma of Gallbladder 

larynx, broncho- cholelithiasis 
pneumonia cholesterol 

polyps 

2 7 Adenomatous Liver 

goiter broncho- subcapsular 

pneumonia lipoma 

8 0 Nephrectomy for Cystic duct 

tuberculosis pul joined right 

monary edema hepatic duct 

with beginning 
pneumonia 


75 


gangrene perl 
tonitls pulmo- 
nary embolism 
2M Aneurysm ab- 
dominal aorta, 
hemorrhage 


numerous 


0 45 0^ 18 Erysipelas of 

face 

0 625 8 33 13^ Carcinoma ol 

sigmoid flexure 


cholesterol 
polyps 
Liver few 
scattered 
hyaline 
tubercles 
Gallbladder 
0 blade stones 
Gallbladder 

cholesterol 

^vlc peritonitis polyps cho 


bronchopneu 
monia 

1 7 Gastrojejunal 
ulcer broncho- 
pneumonia 
3 0 Cerebral arterio- 
sderofils grade 4 
bilateral broncho- 
pneumonia 
0 C Bronchopneu 
monia 


lesterosls 
grade 2 * 
GaUbladdcr 
cholestcro Is 
grade 1* 


Gallbladder 
cholesterol 
stone muco- 
sal scarring 
cholestcro 'a 
grade 1 
GalJtladdff 


4 1 Carcinoma of 

colon Intestinal cholesterol 
obstruction polyp liver 

mult pie 
mrtai'ta-K.s 


On a basis of 1 to 4 
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\ similar \arialioii m all aspects was found m the cases in group 2, 
whuh lit classihcd together on the basis of a higher bihrubm concentra- 
tion than cliolcaterol concentration (table 2) In these 8 cases the 
voiictutration of bilirubin in the hepatic bile varied from 112 to 1,572 

1 2 Concentration of Hepatic Bilmibin aiid Cholesterol by the 

itoilbladdir in I y Jute Subjects Cases m Which the Concentration 
of Dthrubin Was Greater Than That of Cholesterol 


Eatio 

Ratio of 

of Gall 

Gall bladder 

bladder Gall Obo 

Bill He bladder les 

He Gail rubln patlc Cho- terol 

patfc bladder to Chohs les to 

Bill Bill He terol, terol, He- 
rubln, rubln, patlc ilg ilg patic 

1 jjj \ge. Mg per per Bill per per Ciioles 

bilnicd 1 card Sex lOOCc 100 Cc rubln Cc Cc terol 


Cause of 
peath 
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Pathologic 
Change 
(Liver, 
Gallbladder, 
BOe Ducts) 


+ 

55 

F 

2 IS 
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CO 
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09 
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0 25 

19 
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tion of left atrophy, 

ventricle grade 2* 
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stomach, broncho- 
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Aneurysm of 
aorta, rupture 
vdtb hemorrhage 


ease, Internal 
hydrocephalus, 
grade 2-f* 


+ 

32 

M 
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S2 
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68 

3 7 Acute purulent 
cerebrospinal 

meningl^ 

+ 

18 

F 
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89 
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13 Abscess left 

temporoparietal 
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— 

31 
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8 26 

1 17 
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2 3 Tuberculosis 
(pulmonary and 
osseous), bron 

chopneumonla 

— 

66 

M 

240 

1,498 

62 

428 

9 376 

2 2 Spongioblas- 
toma, hemor 
rhaglc edema 
of lungs 


Liver flinall 
cyst left lobe, 
gallbladder 
many small 
cholesterol 
poIypSi ch(h 
j^terosls, 
grade 1' 


polypSi ,| 
meroufl suiau 
stones 


» On a basis of l to 4 


mg per hundred cubic centimeters ^ The^rftt of 

1 260 to 3,836 mg per hundred 2 4 to 17 7 The concentra- 

e;ncentration by the gallbladder varied from 2 , 

tion of cholesterol varied from 1 cubic centimeter 

the hepafc b.le and from 268 „„ce«.rr.- 

the bile from the gallbladder 
was froni 0 9 to 64 
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Group 3 (table 3), in which the cholesterol concentration was higher 
than the bihrubm concentration, showed unusually high values for 
hepatic bihrubm In these 4 cases, this value varied from 240 to 1,200 
mg per hundred cubic centimeters The value for bilirubm in the 
gallbladder was likewise high The lowest figure was 1,080 mg, and 
the highest, 2,040 mg , per hundred cubic centimeters The rabo between 
the amount of gallbladder bihrubm and hepabc bilirubm varied between 
1 6 and 6 2 The cholesterol values were from 0 416 to 4 26 mg per 
cubic centimeter for the hepatic bile and from 4 5 to 17 18 mg per cubic 

Table 3 — Ccnnparaiive Concentration of Hepatic Bilirubin and Cholesterol by the 
Gallbladder in White Subjects Cases in Which the Concentration 
of Cholesterol Was Greater Than That of Bihrubm 
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Gall bladder 
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Choles 
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Cause of 
Death 

Gross 
Pathologic 
Change 
(Liver 
Gallbladder 
Bile Duct<*) 

10 0 

67 

Carcinoma of 
colon pulmo- 
nary emboUam 


lo 0 

361 

Carcinoma of 
rectum general 
Ized peritonitis 

Liver 

echlnococcxis 
cyst (f) 

17 18 

4 0 

Abscess of brain 
Increased Intra 
cranial pressure 


4^ 

no 

Carcinoma of 
colon Intestinal 
obstruction 

Gallbladder 
cholesterosls 
grade 1* 


* On a basis of 1 to 4 


centimeter for the bile from the gallbladder The rabo of cholesterol 
m the gallbladder bile to cholesterol in the hepatic bile fell between 4 
and 36 1 

It may be seen in these three tables that the actual figures for eacli 
group are not so different from those of the others They arc 
differentiated by the fact that the two constituents studied are 
concentrated unequally in groups 2 and 3 and equallv in group 1 

Simply as a matter of record, these figures ma\ be added to the 
quantitatue stud\ of biliary ph\sloIog^^ Thev shou^ that the hepabc 
bile ma} contain as little bihrubm as 96 mg or as mucli as 1,720 nig 
per hundred cubic centimeters The gallbladder bihrubm mav \ar\ 
from 96 to 6,000 mg per hundred cubic centimeters The concentration 
of cholesterol ma\ be from 0 25 to 13 3 mg per cubic centimeter m the 
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h!.mc l"lc ,rom OS l„ 1785 „,g per cube centaeter „ the 
^ i(» I iMu 1 lie extrtnie larjattons m the hepatic bile point to ereat 
lit In the excreting pou'er of the liver 

Sninlarh the «ide tariation both in the actual figures for choletrsfic 
...hrnhn, and amcnnls ol cholesterol and the ratios of concentmUon 
tn i.ihrnhn, anil cholesterol by the gallbladder speaks of a remarkable 
ik\il)ilit\ in lunction of the gallbladder 


COMMENT 

IhoiC hgiirci have their primary significance in adding to the 
tjiianti(ati\ e studies ot bilirubin and cholesterol determinations witli 
more recent methods They confirm previous studies in their wide 
nmge of \alue 

Secondarily, b} having studied the bile from the hver and from 
the gallbladder simultaneously, we may correlate the quantities present 
and inter from these ratios something as to gallbladder function It 
ma} be seen from the numbers of cases in each table that the preponder- 
ance of evidence is m favor of simple concentration of cholesterol by 
the gallbladder Next, the evidence would favor the hypothesis that 
cholesterol is absorbed by the mucosa of the gallbladder 

Since only 4 of the cases fell into the group with higher concentra- 
tions of cholesterol, that is, indicating secretion of cholesterol by the 
gallbladder, it might be inferred that these instances are rare However, 
the fact that there are cases which fall into all three groups is evidence 
for the contention of Wilkie and Doubilet that the direction of the 
passage of cholesterol across the mucosa of the gallbladder depends on 
the relative concentration of this substance in the bile and in the blood 
The most profound objection to a study of this nature is that it is 
determimng physiologic data on postmortem material Agonal an 
postmortem changes might profoundly influence the bile secreted i 
the hver or the bile already present in the gallbladder As regards t e 
latter possibility, Elman and Taussig maintained that after deat ti^ 
mucosa of the gallbladder desquamates rapidly and that high v ut 
are partly due to cellular debris Doyon and Dufort agree ivi i 
statement There is evidence from these sources that cellular . 
tion may lead to increased cholesterol in the bile Note, 
in not one of these 4 cases was there marked ^ raWe 

cholesterol polyps present Grossly, the conditions were c 

to those of the other two series 

16 Doyon, M , and Dufourt, M Contribution a I’etude 8 

61nnination de la cholestenne par la bile, Arch de physiol norm ct P 

594, 1896 
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^ Elton ^‘’ compared postoperative and postmortem bile and found that 
Ihe possible influence of dehydration, age, cause of death, and interval 
necropsy were not demonstrable, and furthermore, 
gallbladder bile apparently undergoes a most excellent state of preserva- 
^lon in the intact viscus for at least forty-eight hours ” He stated further, 

o correlation between bile concentration and therapy or preagonal 
a stinence from food m prolonged illnesses could be determined ” 

P J^gards the possible agonal changes in cholesterol metabolism, 
o , Hrdina and Andrews studied two series of dogs, in one of 
w ich the animals were killed and in the other of which they died, after 
igation of the common duct In the two senes the average cholesterol 
content of the bile was the same, but in the dogs that died the bile 
s t content was 25 per cent lower This study would indicate that 
t ere IS no agonal change in hepatic secretion of cholesterol 

The contention that hepatic bile is not of constant composition and 
t at the bile stored and concentrated by the gallbladder may onginally 
lave been of different composition from the hepatic bile studied post 
mortem seems unanswerable and is a formidable obstacle m drawing 
satisfactory conclusions from this study 

That the gallbladder is ideal anatomically for concentrating fluids 
IS universally recognized The degree to which it may concentrate is 
e ated Schondube and ICalk^' expressed the opinion that it can 
concentrate bilirubin one hundred times, Newman,**^ only five to forty 
^es an average of about twenty times In dogs, Rous and 
cMaster foimd a concentration factor of ten times for bilirubin 
ccording to the figures in the present study, bilirubin concentration 
may reach twenty-four and one-half times the hepatic value in the 
gallbladder The highest ratio for cholesterol was thirty-six and 
one-tenth times If one uses the lowest figure obtained for hepatic 
1 irubin (ninety-six) and the highest for gallbladder bilirubin (six 
ousand), one may infer that under extreme conditions bilirubin might 
c concentrated as high as sixty times in the gallbladder 


SUMMARY 

The present investigation demonstrates that sufficient bile can be 
removed post mortem from the extrahepatic biliary tree for a comparatne 
study of hepatic and gallbladder bile It adds a new group of quantitatne 
^terminations for both bilirubin and cholesterol from the gallbladder 

17 Goff, M ^ Hrdina, L, and Andrews E Effect of Prolonged Stasis on the 

193^ Ratio, Proc Soc E\per Biol iSL Med 29 5-19-5^0 (Ftb) 

18 Rous, P, and AfcMaster P D The Concentrating Acti\it> of the Call 
Bladder, J Exper Med 34 47-75 (Jiih ) 1921 
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iii'l i.i>iunuiii hepatic duct It shows that there is a marked variation 
til ilu'i siilisiancc'a 111 the liver bile and in the concentrated gallbladder 
hth 

(. itiiij'aratue studies of the relative concentration of bihrubin and 
ehoh-«tcrol In the gallbladder indicate that m the majority of mstanca 
1 ly ut Jl) the eholesterol ot the hepatic bile is simply concentrated 
pan passtt uith the concentration of bilirubin However, 12 of the 31 
cases studied do not fit m with this hypothesis, and evidence is given 
that in certain instances cholesterol may be either added to or removed 
trom the gallbladder, as Wilkie and Doubilet^- postulated 
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BLADDER 

Hunner's Ulcer — Rusche and Hager*® presented some observations 
on the development of malignancy in Hunner’s ulcer, and they reported 
2 cases 

In 1 case the patient was a man aged 26 years, in whom definite 
unner s ulcer was found Treatment consisted of the usual measures 
cen years later he was again examined He was in a critical con- 
^Jition at this time and died shortly afterward Cystoscopic examination 
had not been made Microscopic examination of the wall of the bladder 
showed a definite carcinoma The tumor was anaplastic, and a growth 
infiltrated the tissues It resembled a scirrhous neoplasm, such as niiglu 
have been found in the presence of gastric carcinoma 

In the second case the patient was a woman 65 years old who was 
seen m 1933, at which time several irregular portions 1 cm in diameter 
had been seen m the posterior wall of the bladder during c\stoscopic 

"18 Rusche, C, and Hager, B H Further Observations on the Development 

^fahgnano m Hunner Ulcer Tr Am ^ Genito Unn Surgeons 32 203 210 
1 om 
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ll,,.. port.ons were typ.cal of mtershml cysOta Th,s 
r 1 cnt ieen afai,, ti.ree years later, at wh.ch time aa extensive 
inli/lutilia "eoiilasiu involving most of the surface of the bladder was 

Ol interest is tlic fact that there was no demonstrable evidence of 
Iiiel.isl.isis 111 either case, in each the neoplasm seemed to be bmited to 
(he iiucnor ot the bladder 

flagiicr 111 discussing Rusche and Hager’s article on Hunner’s ulcer, 
stated tliat he had reported on a woman whom he had had under observa- 
tion lor nearly three years She was suffering from Hunner’s ulcer 
bhe had been at one time practically free from symptoms, and he had not 
icen her for about six months She returned and said that she bad 
experienced some amount of bleeding A cystoscopic examination was 
made, and unquestionably there was a carcinoma, about the size of a 
thumbnail, situated at the top of her bladder The patient died about 
SIX months later from general abdominal metastasis of the primary 
lesion 

TIagner stated that it used to be a great comfort to him to tell 
patients who had a solitary ulcer that such an ulcer practically never 
heals but that it never develops into a neoplasm This statement cannot 
be made now Hunner had reported only 1 case of such a transforma- 
tion at the time Hagner reported his case, and, as far as Hagner knew, his 
case and Hunner’s are the only 2 reported cases in which Hunner s 
ulcer has developed into a malignant neoplasm 

Sisk pointed out the fact that sulfanilamide will benefit many 
patients who have old chronic Hunner's ulcer He discussed the 
condition of 2 patients One of these had been treated elsewhere for 
about five years and had been under Sisk’s observation for about seven 
years By means of sulfanilamide therapy she was almost entire) 
relieved of her symptoms and had remained so for a year at the tim 
of Sisk’s report Another patient, who had a lesion of seven or e 
years’ standing, had been entirely free of pain for more t ^ J . 
at the time Sisk spoke of her, although she still ha 
micturition, urinating about once every two to three hours 

rwmor— Colby « stated that evidence WrW In be 

support to the contention that malignant tumors of the bl 

cTd by supervoltage irradiation The method is recent, and the do t 

"iTltoer. F R , m discussion on 

Neu, Tr Am A Gemto-Unn Surgeons 32 212,^ S, a.’/ 

50 Sisk, I R, m discussion on papers f 

Neu, Tr Am A Gemto-Urin Surgeons 32 2IZ1V ^^ .r 

51 Colby, F H Supervoltage Ration m Ae T 
Tr Am A Gemto-Unn Surgeons 32 225-231, 
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have been 

innn f ° ^ S^^^ter extent by supenoltage treatment than by other 
°f external irradiation Extensne tumors have regressed to the 
p in 0 poss disappearance, but there is evidence that even m such 
nf j cancerous cells persist m the deep layers of tlie waU 

le adder Although the intravesical portions of a tumor may 
isappear, it has been evident that large regions of cancerous Pssue 
hi structures, so that cancer will reappear in the 

irr d growths have responded less well to additional 

irradiation, and m no instance has the tumor disappeared again after 
more treatment The most favorable responses were obtained with 
pa lents who had received no previous treatment Colby’s experience 
^^uring the two years prior to his report caused him to feel that this 
^reatment should be used only for patients who have advanced tumors 
'' 1 debilitated patients and that anv tumor of the bladder 

sui a e for surgical treatment should be operated on 

Gayet stated that leiomyosarcoma of the bladder is a form of 
mnor that has not been sufficiently brought to the attention of urologists 
^ is more common than is classically believed, has a rapid course and 
crainates fatally m four to six months after its clinical recognition In 
^ tion to the symptoms that usually accompany cancer of the bladder, 

•n ense fetid and necrotic cystitis is present The appearance of the 
esion at the outset, when it is discovered is that of a pedunculated and 
I'sgu ar tumor, m contrast to the fulminating evoluhon which is the 
general characteristic of vesical tumors Such pedunculation and regu- 
ty constitute a ready source of error m diagnosis 
Gayet observed within a few months 3 patients who had tumors of 
IS ind He presented the histones of these patients Study of the 
rature reveals that leiomyosarcomas of the bladder are more common 
among men than among women and that, unlike most sarcomas, which 
the young, they have been observed to afflict patients who are 
mostly between the ages of 40 and 60 years, an observation which sug- 
^^sts that they possibly develop on the basis of a preexisting myoma 
^ome of them may be envisaged as the possible result of degeneration 
^ a benign vesical tumor Unquestionably, purely myomatous portions 
coexist With other portions that exhibit mahgnant degeneration It is 
ortunate that no case of bemgn leiomyoma has been published m 
ich the transformation into sarcoma has actually been obser\cd 
secondarily, although 1 of Gayet's cases suggests this e\entuality 

The fundamental anatomic appearance of such a neoplasm re\cils 
Q 1 of Its constituents, muscular hypertrophy and degeneration oi con- 

5- Ga>ct, R, Les Icio mjo-sarcomes de la \cssic, J d*uroI 48 320 333 1940 
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i lircc sitcb of election have been observed 


'■■nu, MkTiMc nnonias, arc nrcsent rn 7 , 

'-’) inl.imicolis, orc.Hilary and f3) ninnh‘^T“‘'^‘ 
or P'"Pheral, or excentnc The pomt 


most tret trertti; the t r™ ^^ ^ 

1 r , I I'avtng been reported In 2 of Gavet's cases the 

r-iprd branltflr^e Necrosrs ,s 

,' ,C. O, "'7 '''‘'“•'’7 Nearby organs are seldom rnvaded. only I 

...atance ot rnetastasrs (to the humerus) having been observed m 15 
cases collected b}' Kretschmer 

.Microscopically, leiomyosarcoma is characterized by cellular anarchy, 
the considerable size of each element and the presence of numerous 
mitoses, confirming the malignancy of the tumor ClimcaUy, the first 
sijjiis are pollakiuria and sometimes marked dysuria, followed by 
capricious hematuria which appears on every attempt by the surgeon 
at exploration In diagnosis, the most important signs are (1) the fetid 
urine filled with debris and (2) the cytoscopic appearance, which is 
clearly that of cancer Avhen the mass is of the type of an infiltrated tumor 
(w’hen, however, it is rounded and regular, resembling a myoma, error is 
more likely to occur) Only biopsy insures a certain diagnosis, revealing 
an association of hypertrophied muscle fibers and sarcomatous cells 
iMany urologists regard such a condition as too hopeless for treat- 
ment Others have tried the various form of irradiation and surgical 
treatment, none of which, however, have proved to be more than pallia- 
tive Cystostomy, although it permits partial evacuation of urine and 
debris, often causes exacerbation instead of rehef of pains , it also hastens 
the spread of the malignant neoplasm Cystectomy, whether total or 
partial, fails It has been followed by rapid recidivation and deatli 
in all the author’s cases The extreme malignancy of these tumors does 
not encourage the surgeon to attempt their removal 

Exstrophy — Godard apphed a form of technic somewhat differeiit 

from the usual approach in 2 cases of exstrophy of the bladder an if> ^ 
of epispadias Having observed the difficulty involved in 
bladder if care is not taken to mobihze it widely and to bring i 
as low as possible in the pelvis, he deaded on prerectal pelvic 
tion of the bladder The method is not applicable to female p 
because of the anatomic position of the bladder m fema es, an 


par 

1939 


S3 Godard, H L'exstrophie v^sicale et I'epispadias 

• la transposiuon pelvienne pre-rectale de la vessie, J 



SCHOLL ET 4L -^REVIEW OF UROLOGIC SURGERY 1509 

not be tried in boys until they are 5 or 6 >ears of age, because of the 
narrowness of the bony pelvis in such patients 

The technic has two principal aims (1) invagination of the bladder 
and its reconstitution as a reservoir for the urine and (2) reposition 
of the bladder within the pelvis, with a view either to its control by the 
anal sphincter or to later reconstruction of the urinary passages to a 
nearly normal state by Marion’s plastic transfixing operation 

The genital system (penis and prostate gland) is left in place m 
the pubic region, the urinary system having become pelvic (analogous 
to an embryonic cloaca), or being drained temporarily by way of the 
perineum until such time as urethroplasty is done The technic is briefly 
as follows 

In the first stage the patient is placed in the horizontal position, and 
two ureteral catheters are used to dram the urine from the operative 
field, while the bladder is kept invaginated by a pack of compresses After 
a traction thread of silk has been placed around the neck of the bladder, 
a racket-form incision is made, it passes as nearly as possible to the 
bottom of the urethrovesical furrow, which often can be recognized 
behind the verumontanum In the second stage the globe of the bladder 
IS freed, and the peritoneum is cautiously separated from its postero- 
superior surface In front this dissection is rather laborious, for here and 
there is a vascular pedicle that must be tied The dissection proceeds 
downward, forward and slightly to the side without any difficulty The 
bladder is then progressively sunk down into the pelvis, where the silk 
thread will at once permit fixation of it 

After incision of the skin at the anterior margin of the anus, the 
outermost fibers of the anal sphincter are split, a wide band of internal 
sphincter being left intact In carrying out the dissection the pelvis is 
entered, and the vesical silk traction threads are picked up 

This stage is somewhat difficult, since traction has to be made 
not only on the vesical onfice but on the catheters , a competent assistant 
JS required to keep an eye on the abdominal part of the operative field 
and to facilitate the maneuvers The vesical tamponade is removed, care 
being taken to maintain in place the ureteral sounds, which are left in 
position for several days or, better, are replaced by a Pezzer catheter, 
firmly fixed 

The operation ends with partial closure of the abdominal incision 
partial closure frequently being all that can be done, because of lack 
of available skin and muscle for complete closure Drains are placed in 
the incision, and gauze is inserted to fill up tlie dead spaces 

After what is usually a long process of cicatrization, the new orifice 
appears m front of the anus, from which it is separated by a sort of 
spur resembling a swollen hemorrhoid 
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i m.r I . uH. ,u. ton treated by tins method, and the procedure 
M, been tollowed later by operation for epispadias Esthetic results 
11.110 been oxeolloiit, and the degree of continence obtained, althoocli 
nut pertett, has been remarkable The technic can and should be further 
improved bince cinidren born with these deformities commonly exhibit 
mcni.d dclicicncy as well, it is hardly likely that any of them can ever 
tinii.itc norinall} 

Dwi/Ucu/a —Radical complete diverticulectomy is often a difficult 
. 111(1 daiii^crous procedure Barnes described a techmc for the success- 
lui obliteration of large vesical diverticula ivhich cause residual urinary 
and \ciical s}inptoms This procedure utilizes a combination of the 
uitra\ esical and extravesical approaches and provides adequate exposure 
ot the interior of the diverticulum, so that the mucosa can be removed 
b}' stripping or by cauterization The diverticular orifice and the incisions 
through the uall of the bladder are sutured with no 000 chromic catgut 
in two layers, a muscular and a submucosal layer, and the diverticular 
cavity IS treated with an antiseptic solution and drained extravesically 
Shock and postoperative perivesical sepsis are reduced to a minimum by 
this technic, and there has been no persistence or recurrence of the 
diverticulum 

Thompson, Kermott and Cabot pointed out the fact that diverticula 
contain all the coats of the bladder and are truly congenital m origin 
but become symptomatic later m hfe because of obstruction of the vesical 
neck Various plans of treatment have been devised, such as (1) 
stage suprapubic prostatectomy and diverticulectomy, either m the or er 
given or in reverse order, (2) a one stage operation, and (3) trans 
urethral prostatic resection with or without subsequent diverticulectomy 
These authors studied 14 patients who had vesical divertumla an^ 
who were treated only by means of suprapubic prostatectomy 
the end of a two year foUow-up study needed diverticulectomy 
most had had a long and complicated convalescence Secon 
ticulectomy is a much more serious operation in such cases 

primary operation for diverticulum would have been 

Nmety-six patients who had vesical diverticula m 
treated by transurethral resection also were reported on e 
varied in size from small (24 cases) to large, that is, 
to the bladder (17 cases) The postoperative course w^sj^ ,, 

and imcomplicated All the patients were almost comp Y 

t PtC 

54 Barnes, R W Surgical Treatment of Large Vesigl^ Dner 

tation of a New Technique, J Urol 42 794-814 .Afanagenic. t ^ 

55 Thompson, G J , Kermott L H Treated b> Tranw'cm 

DiverUculum of the Bladder ^me^-Six 

Prostatic Resection, Surg , Gynec & Obst 
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^as treatment Subsequent diverticulectomy 

as not been necessary, but if it should be necessary, it oueht to be a 

pnmary procedure Diverticulectomy now is done 

whfrh formerly, a fact 

from tr ^ demonstrate the satisfactory results which can be obtained 

t.on^d re:!r^rl -- 

and amn f ^ that they enjoyed satisfactory results as to both symptoms 
amount of residual urine present 

indicated (1) when the diverticulum does not 
poor dram”^^^ ^ through a small orifice , (2) for young men, who have 
in tfi^. ^ resection, (3) when stone or carcinoma is present 

iverticulum, and (4) when ureteral obstruction is present 

the ^ regeneration of 

he patient was a man 56 years old At operation a large 
this extend across the dome of the bladder Since 

oner^f^ tumor had not invaded the perivesical tissues, the 

the continued in the hope that it might be possible to resect 

peritoneum having been dissected free, the bladder was 
the bl region involved by the tumor As exploration of 

the found that the tumor completely encircled 

tion^^f bladder The entire bladder was removed with the excep- 

3 b 3 ^ portion of the posterior wall, which measured about 

the^t ^ ureters were cut across, and, since it was found that 

gland^^^ invaded to some extent the right lobe of the prostate 
' a number of radium emanation seeds were mtroduced into this 
^^on When the operation had progressed to this point, the patient 
b defimte evidence of shock Drains were introduced into the 

do ''vhich the bladder had been removed, and the incision was 

r ose in layers The patient was seen four months later Shortly after 
^ uming for consultation he began to void urine through the urethra 
e incision had healed completely He ^vas at this time voiding about 
cry two hours The suprapubic incision was well healed A cystogram 
introduction of 3 to 4 fluidounces (88 to 118 cc ) of 
lum The fundus of the bladder appeared to be smooth and regular in 
^ ine The patient died some months later 

isk and Neu stated that m spite of the fact that permission to do 
the^^^^^ obtained and that there was no definite knowledge of 

actual degree of regeneration of the bladder, it was clear that uithin 
of ^ ^ months after removal of all except a small segment 

c posterior wall of the bladder a cavity developed which solved 
ic problem wholly and suitably 

^ ^ ^ Regeneration of the Bladder Report of a 

c. ir Am A Genito^Urin Surgeons 32 197-202, 1939 
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\ i urotfctm. Disease of the Bladder -at u . 
fftat iinmliibitcd neurogenic disease of hi !i?^ Gordon” stated 
t/i.ir.u liTi/td by hequaicy of unnation ^ 

uun -f 1,0 .J,J lesl .rzrd T" 

..nd not Hiu loHcr part of the urinary tact 

be nude to distinguish uninhihitpH^ ‘ °'ffe«ntial diagnosis must 

.roil, irritative lesionf^f ^ un^ 

lirostatisiii Drug therapy is the Zlv Tf fhf f 

iere lanmd I . I S t Benefiaal results 

thL drur tII n treated ivith 

g Twenty-five cases were reported in detail 

ot l2S'JSnSS'‘’"T‘‘ T,"‘ O^'^x'3'..btrr-Mathe- reported 3 cases 
o he°n h intractable cystitis secondaiy to chronic osteoniyehtis 

nintnr 'f *n eompilcation of fracture of the pelvis and 

p e of the bladder In all 3 cases the patients were relieved by 
operation 


Three types of chronic cystitis are observed (1) that resulting 
roin traumatic rupture of the bladder, associated with fracture of 
t le pe VIS or luxation of the pelvic bones , (2) that caused by osteomye- 
itis of the symphysis and rami of the pubis occurring after operations 
on the bladder or by osteomyelitis of the pelvic girdle following opera- 
tions on its component bones, and (3) cystitis referable to nontuberciilous 
hematogenous osteomyelitis of the pubis and thigh, which usually occurs 
during childhood 

Chronic urinary infection associated with hematogenous and trau- 
matic osteomyelitis of the pelvic girdle is the result of complicating 
infected sequestrums, involucrums, abscesses, spontaneous rupture of the 
bladder and osteovesical fistulas 

The condition should be suspected when patients present chronic 
pyuria with which there is a history of previous fracture of the pelvic 
or of attacks of osteomyelitis during childhood Rectal and vaginal 
palpation enables the examiner to detect distended portions in the bones 
making up the pubic arch, such distention is referable to sequestruiiN 
abscesses and fistulous tracts Cystoscopic examination enables t le 
urologist to visualize migratory fragments of bone and sequeitruni , 
associated stones and the openings of fistulous tracts Roentgen 
tion of the pelvic girdle demonstrates regions of rarefaction and ra}i 


57 Nesbit, R M, and Gordon, W G The Uninhibited 

A Cluucal Syndrome with Report of Twenty-Five Cases, Tr Am 
Surgeons 32 213-224, 1939 nth Vc j' 

58 Mathe, C P Management of Intractable Cystitis .-s 

Fistula and Osteomyelitis of Pelvic Girdle Report of T 

Traumatic Rupture of the Bladder and Fractured Penis, J 

(April) 1940 
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of bone margins caused by osteom}ehtis and periostitis Cystograms 
show distortion of the bladder and displacement as well as commumcat- 
ing osteovesical fistulas 


Prophylactic treatment consists of hermetic diversion of the urinary 
stream by suture of the wall of the bladder to the skin at the time of 
original surgical intervention for rupture of the bladder Surgical 
treatment consists of sequestrectomy, curettage of infected bone, debride- 
inent of infected surrounding tissues, removal of connecting fistulous 
tracts and drainage of contiguous abscesses in conjunction with cyst- 
otomy or drainage by catheter 


Incontinence — Influenced by the excellent results obtained by Cathe- 
in the treatment of idiopathic and infantile incontinence of the 
■urinary bladder by epidural injections of solution of sodium chlonde, 
Marti tned this method of treatment for incontinence caused by insuf- 
ficient control of the sphincter He injected 20 to 30 cc of a 2 per 
oent solubon of sodium chloride into the sacral canal at weekly intervals 
He never made more than six injections, and it was never necessary 
to hospitalize a pabent Marb tned this method in 17 cases, in 16 of 
^vhich he obtained satisfactory results 


Fistula — O’ Conor reported on 4 patients who had vesicovciginal 
fistulas who were cured by cystoscopic and vaginal electrocoagulabon 
3.fter attempts at surgical repair had failed 

Heahng is aided by the insertion of an indwelling urethral catheter 
^nd placement of the patient in a posture which is suitable for keeping 
the fistulous region as dry as possible The hydrogen ion concentration 
of the unne should be kept at 5 5 or less by the use of the acid ash 
diet and ammonium nitrate to prevent mcrustabon of the coagulated 
tissue and deposition of lime in the catheter 

This method is not indicated in the treatment of fistulas in\oIving 
the floor of the bladder or in cases m which there are extensive defects 
in tissue but should receive more consideration than it has received in 
the past, especially when unsuccessful surgical repair has resulted in 
formation of a small lateral opening 


Contracture of Vesical Neck — Thevenard discussed the clinical 
picture and treatment of diseases of the neck of the bladder in women 
The principal signs are those of obstruction to the outflow of urine, 
which causes first progressive dysuria, then pollakiuria and, if retention 
IS of high degree, a sensabon of weight in the hypogastrium Simul- 


59 Marti, T Zur Behandlung dcr durch ungeiiugenden Sphinktcrschlu^s 
hcdingten Haminkontinenz der Frauen, Ztschr f Urol 33 692 696, 1939 

60 O’Conor, V J Non-Surgical Closure of Vesico\aginaI Fistula, Sure, , 
^jnee ObsU 70 826 827 (April) 19-10 

61 Thevenard, P La nialadie du col \csiLaI clicz la femme, J d urcl 48 
296 319. 1940 
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tuiu.n.K, the usual signs of intoxication appear, chief among which 
uruiiM, indicating repercussion on the renal function, finally, there 
Is diLiUtton of the pelves and ureters, with bilateral hydronephrosis, 
which constaiUly worse until incontinence appears as the last 

stage 01 the coiidnion Not all these signs are necessarily present m 
aiu gn cn case Other conditions which appear are congestion, spasm 
and intections, among these the most frequent is cystitis, which causes 
a burning sensation and frequency of urination What are at first 
tmnporary attacks tend to become permanent, they may lead to bleeding 
ol the vesical mucosa and then to bullous edema and the appearance 
ot in/Iainmatory new growths As these progress, the capacity of the 
bladder shrinks Dynamic disturbances set up by the infection aid in 
the development of ureteropyehtis and pyelonephritis of varying acute- 
ness Two special comphcations may then develop, namely, diverticu- 
lum of the bladder and vesical hthiasis 

In diagnosis, the chief points to consider are the history of the 
patient and the results of cystoscopic examination An early and con- 
stant indirect sign is the existence of columnar formation, an occur- 
rence which attests to the struggle of the vesical muscles against the 
obstruction at the neck of the bladder Less constant are such signs as 
modification of the neck of the bladder evidenced by thickening of the 
spluncter, irregularity of the orifice and various deformations Urethro- 
scopic examination, however, shows nothing that can be called abso- 


lutely characteristic 

The only form of radical treatment is resection of the neck of the 
bladder, which may be carried out by the high transvesical method, wit 
scissors (Marion's method), or transurethrally by high frequency cur 
rent The first procedure is now seldom used, being suitable only m 
exceptional cases in which endoscopic resection has failed or u 


cystostomy is required for other, concomitant conditions 
The type of instrument chosen for apphcation of high 
current may be any one of those in common use for endoscopic 
resection, and the instrument is of less importance than the 
judgment of just how much tissue to resect The danger o pro 
of mcontinence, which was real in the past, now practica y 
exist in the hands of an experienced urologic surgeon 
sional case temporary mcontinence may occur and may as a 
or months, but it almost mvanably disappears with the 
The best approach to the neck of the bladder appears to ^ a 

ferential route, which requires the least ^ . all irrtgc- 

given amount of tissue This mode of the 

lanties and leaves the vesical neck perfectly circu ar , ^ 

can be accomphshed at a single operation, aft , 

catheter is mserted, left m place for from two to 
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removed until the urine is clear of blood As a rule no further treat- 
ment is needed, but for an occasional elderly patient dilations may be 
needed because of the sclerotic changes caused by advancing age 
Emmett stated that obstruction of the urethra in infant boys 
usua y IS suspected because of the appearance of svmptoms of urinary 
m ection, such as fever, urgency and frequency of urination and painful 
urination as demonstrated by the infant's crying during micturition 
d ^^Ported a case in which a boy aged 18 months had urinary 
I cuUies Mictuntion was frequent and was accompanied by strain- 
lug This trouble had increased gradually in severity until, at the time 
0 admission, the father said that the child '"strained like an old man 
o urinate At each nuctuntion the child cned 

Cystoscopic examination was carried out with the infant under 
anesthesia produced by nitrogen monoxide Only a moderate amount 
0 mne was present m the bladder, some of which may have been 
resi uary The bladder, ureteral orifices and vesical neck appeared to 
normal On withdrawal of the cystoscope into the prostatic portion 
^ ^^^^hra an abnormally large veruniontanum was encountered, 

^ ch was of sufficient size to occlude the urethra almost completely 
areful examination of this structure failed to disclose any definite 
^stic formation The hypertrophied verumontanum was fulgurated 
y means of an electrode through the cystoscope 
The results of fulguration were excellent The patient was dis- 
missed three days after fulguration, at which time he did not strain on 
voiding and the urinary stream was normal He still cried during 
micturition, evidently because of irritation resulting from fulguration 
^ weeks later he apparently had completely recovered, since he voided 
normally without discomfort and the urine was clear 


TESTIS 

Tumor — Gilbert summarized data concerning 126 small tumors 
o the testis Of approximately 7,000 malignant tumors of the testis, 
^^y 126 (15 per cent) were situated in testes of normal or smaller than 
imrmal size Of these, 118 were finally diagnosed accurately, altliough 

Were diagnosed only at necrops} 

The age of 113 patients averaged 32 3 years In 48 cases the tumors 
^ ected the right testis , in 35 they affected the left testis, and in 2 the}'- 
Were bilateral (scrotal) Alleged trauma occurred m 15 ca:>es (12 per 

^2 Emmett, J L Obstruction of the Vcsical Neck of i Male Infant Pn 
tJccd by Hypertrophy of the Verumontanum Report of Cast, Proc Stafr Meet 
^a}o Clm 15 364-365 (June 5) 1940 

^3 Gilbert, J B Studies in Malignant Tumors ot the fcbtia I Diiuruitial 
^^gnosis of ClinicalK Obscure Tumors Four Ca^^cs and Rlmlu ni One Ifumln I 

Tuuit3-Tuo from the Literature J Lrol 43 722 7 H 1940 
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i<nt ) .uid appeared to be an important factor in the early removal of 
Min 1 tumors, e\jn though the correct clinical diagnosis was not made 
there ucre 46 (36 5 per cent) unicellular and 71 (563 per cent) 
ti raioid tumor. (29 teratomas and 42 chorionepithehomas) 

.^erutal disea^ was evident on first examination in only 59 patients 
t // ]icr cent) Of these 59 patients, 32 were considered to have testic- 
uLii tumors, whereas all otlier possible scrotal conditions were diag- 
nosed m the cases of the remaining 27 patients In 26 cases abdominal 
metastases were mistaken for intra-abdominal disorders, although only 
16 ot tliese were considered to be tumors In the remaining 41 cases 
the patients were considered to have primary disease of the thorax, the 
head, the neck and even the extremities Hormonal assays aided in 
formation of the correct diagnosis in 21 of 53 cases in which the patients 
\\ ere seen after 1932 Assays in which the results were positive also 
were made concerning 10 of IS patients who had gynecomastia In 2 
instances repeated assays in which results were negative were consis- 
tent with clinical cures of respectively four and five years’ duration 
Orchidectomy was performed on 67 patients, in 24 instances in the 
presence of metastases Fifty-nine patients were considered to he 
inoperable Five radical operations were performed Irradiation ther- 
apy was applied to 40 patients, this number included 2 patients who 
received radium therapy 

Only 12 patients survived for five years or more (10 had unicellular 
tumors, and 2 had teratomas) Of the 10 patients who had seminomas, 

2 died after penods varying between five and ten years, 8 patients 
were known to have survived 

Wesson expressed doubt that tumors of the testicle are rare 
Only those tumors have been reported which caused real trouble an 
brought the patients to urologists for treatment or caused them to app 
for hospitalization, and because of this, only a few tumors have e 
reported On the other hand, many men who have nonmetastasizi ^ 
tumors live for the normal span of life and die of intercurrent 
oblivious to the fact that they have been harboring an “inactive 
Char, of the Peiping Union Medical College, '^,erc 

years he had seen 34 patients who had such tumors le 
said to have been present for from six months to fi ty year 
of them were of more than two years’ duration utu-r 

Trauma usually is considered to be a probable p P 
in the causation of tumor, but Wesson believed ^ lii^ 

cance At best, trauma .s an eagerly acJaioJ" 

tory of trauma always should be ignored un , 

to produce some structural alteration visible to the naked ^ 

M B Tumors of Uie Tesude Repor. " 

Tr Am A Genito-Urin Surgeons 32 347-358, 19 
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ecchymosis E\vnig, after a very comprehensn e investigation of the 
literature and careful study of many cases of tumors of the testicle 
which were alleged to have been traumatic in origm, concluded that 
data now at hand confirm the view, long since adopted by pathologists, 
that single traumatization of normal tissues is incapable of producing 
a niahgnant tumor His contention was that in a given case the growth 
was present and the trauma was merely a coincidence eagerly remem- 
bered by the patient 

The presence of a teratoma is unknown to a patient afflicted with it 
until it becomes sufficiently large to manifest itself subjectively or 
objectively Frequently the pain or tumor is first noticed after slight 
strain or trauma, and, consequently, strain or trauma is assumed to 
be responsible for a condition that has long been present but has just 
progressed to active growth 

Orcludectomy supplemented by ample high voltage roentgen ther- 
apy IS the procedure of choice 

Barnnger,®° m discussing Wesson's article on tumors of the testicle, 
stated that Ewing recently had given him the history of a patient whose 
entire course of life, from the time of appearance of the first symptom 
to death, was much shorter than the hfe of any of the patients in the 
cases reported by Wesson In Barnnger's case the life of the patient 
was a matter of several weeks 

The question of metastasis in these cases is very interesting Bar- 
ringer had given, a year prior to the time of his discussion, expert 
testimony concermng the supposition that if a man had lived five years 
Without metastasis he could be considered a fit candidate for life insur- 
3nce During the next month he saw 2 patients who had been afflicted 
by metastasis five years after operation The condition of 1 patient 
was mteresting He had had a teratoma of the testis treated originally 
^t the Memorial Hospital in New York city, and he had lived for 
nearly six years thereafter without experiencing any symptoms Finally 
^ tumor had developed to the left of the thyroid gland, accompanied by 
nitense dyspnea The local surgeon wished to perform a tracheotomy, 
when the patient suddenly remembered that he had had a teratoma of 
die testis Barringer aspirated the supraclavicular mass, and Ewing, 
m about five minutes, gave Barringer the diagnosis ot metastasis from 
the primary lesion Roentgenograms were made, and alter about SL\cn 
years (at the time of Barringer's discussion) tlie patient \\a^ ^till \vell 
f'his case shows the value of aspiration of a specimen ot tib">uc for 
biopsy 

Wesson apparently administered roentgen thcrap> alter the ojxr- 
ation on his patients Barringer thought it reasonable to admini:>tcr 
roentgen treatment betore operation on the testicle By Mrtnc oi incxler- 

65 Barringer, B S in discussion on papers ot McKcruie Cuher \\ rn ard 
Gra\cs and Flo, Tr Am A Gcnito Urin Surgeons 32 19j9 
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.lie rociUgcii therapy to the testicle, he thought, several things could be 
.iCLOtiiphbheci The testicle itself would have the benefits of preoperative 
roentgen therap) and would present the appearance of a good pathologic 
specimen, and the cells of the neoplasm, which are the most highly 
malignant cells recognized in any tumor occurring in the human body, 
would be devitalized before operation on the testicle 

Ilagncr'"^ stated that he had only a moderate experience in tlie 
ireatment of tumors of the testicle and that he had never believed that 
he could say much about them The urologist sees some patients who 
ha\e lived for years and others who die in a few months, and yet the 
pathologic reports may not be dissimilar Hinman advised roentgen 
therapy after removal of the testicle, claiming that the surgeon can- 
not determine definitely the nature of cellular elements if the tumors 
have been submitted to preoperative roentgen therapy, Hagner, con- 
versely, expressed the belief that roentgen therapy should be admini- 


stered before the testicles are operated on 

In 1 of Hagner’s cases a patient who had a seminoma, apparently 
of a rather malignant type, received roentgen therapy before the tumor 
was removed The testicle was almost normal in size when it was taken 


out , it had regressed very much, and the patient made a good recovery 
He remained perfectly well for nine years, then a tiunor develope m 
his neck, and he came back to Hagner By that tune the Asch emi^ 
Zondek test had been developed , the patient was tested, and e reac 
tion was found to be positive The patient received roentgen ttierapy, 
and the tumor literally “melted away” from his neck ^ ^ c,s 
a tumor almost the size of an orange developed in t e ^ 
abdomen, evidently in the mediastinal glands 
Aschheim-Zondek test had become negative , 

patient’s neck had disappeared, and when ^.^ondek test 

the tumor in his abdomen the reaction to e s y\]tIiough 

was positive That tumor was treated, and it ^-apP^ 
the reaction to the Aschheim-Zondek test ^ and 

at that time, the patient had been apparently we ca=e 

a half at the time of Hagner’s remarks J appareiitlv 

from the standpoint that the ,he same type <» 

well, before he had a recurrence of probaoiy 

that originally had appeared m the testicular tumors 

Dean«^ stated that m Wessons pap ^ cau-atin 

had emphasized three points, namely, mciden , 


igent and treatment , 

- f "McICcnzic, 

66 Hagner, F R, m discussion “ fP"” ° 32 38&3S7, If 

Graves and Flo, Tr Am A Genito-Urin Surg Cu f , 

67 Dean. A L. 

jid Graves and Flo, Tr Am A uenuo- 
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Concerning incidence, Dean said, at the Memorial Hospital in New 
York city teratomas of the testes compiise 3 4 per cent of all tumors 
of the genitourinary system, 2 per cent oi all malignant tumors occur- 
ring in male patients and 1 per cent ot all malignant tumors occurring 
in both sexes These figures correspond roughly to a frequency of from 
1 to 3 per cent of all malignant tumors found hy other investigators 

In Dean's experience, teratomas ha\e been seen nearly twice as 
frequently as cancers of the penis That these figures may vary widely 
in different institutions is shown by the fact that Char, of Pekin, China, 
said that m a year he operated on 200 patients with penile cancer, 
whereas at the Memorial Hospital only about 20 new instances of penile 
cancer are encountered within the same length of time 

Dean considered trauma to be a causative factor in the production 
of such tumors If it is true that teratomas arise from misplaced sex 
cells, it would be difficult to attribute much importance to trauma as a 
causative agent, but, on the other hand. Wesson has not exaggerated 
the medicolegal importance of this problem, since in medicolegal cases 
trauma is usually alleged to be a factor However, tumors are discov- 
ered so frequently after an injury to the testes has occurred that any 
possible relation between trauma and the development of these tumors 
should be studied Tissue in testicular tumor is denser and heavier 
than normal testicular tissue Dean expressed the belief that the added 
weight of the tumor causes the testis to hang lower and prevents tiie 
normal reflexes, which ordinarily lift the testis to protect it from 
threatened mjury, from functioning so efficiently as these reflexes would 
act if no tumor were present Thus, a testis which is the seat of tumor 
IS more likely to be traumatized than is a normal testis The injur} 
draws the attention of the patient to the testis, and, in turn, a tiunor 
IS discovered by the physician It is sometimes very difficult to explain 
to a jury why an injury cannot hasten the dissemination of a tumor 
admittedly present at the time of injury 

In most clinics, irradiation is of recognized value m the treatment 
of testicular teratomas, but there are still differences of opinion as to 
the best procedure to employ Hmman is said to remove the testis 
Without preoperative therapy, so that he may study its structure and 
niake hormonal assays Dean said that preoperatne irradiation offers 
advantages because five year end results show a rate ot sur\i\al 35 7 
per cent greater for patients who have received roentgen therapv before 
undergoing orchidectomy than for patients who have been operated on 
first and have then received roentgen therapy as soon as the diagnosis 
has been made In neither group ^\ere mctastascs demonstrable at 
die time of operation 

Interpretation of the results of histologic examination ot a tumor 
'^ficr irradiation is largely a question ot the training of the pathologist 
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There are so-called ghost cells which are recognizable as devitalized 
tumor cells 

There seems to be agreement concerning the question of irradiation 
of the lymphatic pathway through the pelvis and abdomen to the 
epigastrium m all cases, whether or not metastases can be found When 
this treatment is administered, the anterior and posterior portals are 
treated with fractionated doses carried to as high a total dose as pos- 
sible In this way a single cycle may be sufficient 

Of all Dean’s patients who had teratoma (there were between 500 
and 600 with teratoma of the testis), 29 per cent were without evidence 
of disease at the end of five years Seventy-two per cent had had 
metastasis at the time of treatment Considering only a smaller group, 
members of which were considered to be “primary operable” patients 
who had testicular tumors without evidence of metastases, the five year 
survival rate for the group was 78 per cent 


PENIS 

Pi lapism — Dawson reported 5 cases of true priapism 

patients recovered after treatment by multiple aspiration of the corpora 
cavernosa Two of the 4 had sickle cell anemia Sickle cell anemia 
has not been reported heretofore as associated with priapism The pah 
this associated factor plays in priapism is not known or discussed 
fifth patient died after the penis became gangrenous and was arnpu a^^^ 
and after urinary extravasation had occurred Dawson noted tia 
as a local asent is better than cold 


URETHRA 

Calculi — Culver discussed primary postenor urethr^ *he^majori9 

old literature abounds with reports of urethral calculi, an t ^ 

of such reports deal with calculi of the anterior segments o 

Englisch, reviewing 405 cases of impacted urethral ca 

regard to primary or secondary types, found that 58 per 

calculi were situated in the anterior portion of the ^,11 record^^*' 

cent m the posterior segment In approximately one t m varynio 

cases of posterior urethral calculi the stones are mu tiit- 

number, size and contour according to their chemic 

space within which they are confined , 

Occurn - 

68 Dawson, G R., Jr Priapism Report of Five ^ 

with Sickle Cell Anemia, J Urol 42 821-828 (Nov) ^ ^ 

69 Culver, H Primary Postenor Urethral Calculi, 

Surgeons 32 337-346, 1939 
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All the 7 patients reported on by CuKcr, wlio ranged m age from 
16 to 65 years, had definite prostatic bars and long-standing histones 
of unnary disorders, caused in the beginning by bars of cither the con- 
genital or the acquired type The topography of the posterior part of 
the urethra in the presence of a bar facilitates retention of urine betueen 
the bar and the external urethral sphincter If the constitutional factors 
necessary to the formation ot stone arc also present, the picture would 
seem to be complete for the beginning and progression of these calculi 
Establishment of the diagnosis of urethral calculi is usually definite 
and complete when the long-standing history is considered and when 
postenor urethral obstruction is encountered with a metal instrument 
In most patients the instrument cannot be passed into the bladder, but 
the diagnostic metallic click which is heard is sufficient Rectal examina- 
tion likewise reveals observations absolutely diagnostic he rounded, 
hard midline projection, sometimes fixed, sometimes movable, with 
crepitus, associated with multiple stones should not be difficult of cor- 
rect interpretation 

Roentgen examination confirms tlie diagnosis with adult persons, 
but may be of no value wuth children, in whom uric acid or urates may 
be the only constituent of the stones Roentgenograms should be made 
from both the anteroposterior and the semilateral position to determine 
the size, extent and number of the calculi present Urethrograms con- 
tnbute to the diagnosis because they permit visuahzation of complica- 
tions, such as diverticula of the urethra or of the bladder 

Calculi in this situation, if they were small enough, possibly could 
be removed with forceps, and such a procedure frequently is used when 
secondary stones are present and the patient has had recent acute symp- 
toms, but removal of stones of the pnmary type which have caused 
long-standing symptoms should not be attempted by this method 

The penneal approach, in which Young's prostatectomy exposure 
utilized, has been used, but it has the technical difficulty of revision 
0 the vesical neck, which is an important feature of a complete opera- 
tion , It likewise requires for traction a urethra patent m the prostatic 
i^cgion, a condition which is not frequently present 

The suprapubic approach has been ideal for all patients m Culver's 
It allows bimanual extrusion of the stone into the 
^ er, which is done by insertion of the surgeon's finger into the 
lent s rectum Even with this help from below, the surgeon occa- 
Aft^^ forced to cut the vesical neck to accomphsh his purpose 

er the stone has been removed, it is a simple procedure, under 

obstructing tissue of the vesical neck with either 
ectric loop or a suprapubic cold punch 
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Postoperative management of the patient obviously consists of dila- 
tion of the posterior part of the urethra and careful attention to the 
prevention of infection of the urinary and genital tracts Attention to 
distant foci of infection as well as to dietary and medicinal management 
for the purpose of preventing recurrence has its place in the treatment 
of patients with this type of stone, just as it has a place in the manage- 
ment of patients with any other type of urinary calculus 


Urethritis — Spence discussed a series of cases in which granular 
urethritis was present in women In approximately one third of the 
cases a considerable degree of pyuria may be expected to be present 
He expressed the belief that granular urethritis often will be found to 
be the cause of cystitis If instances of bullous edema of the tngon, 
trabeculation and cystitis cystica were excluded, it would be found that 
cystoscopic examination disclosed acute or subacute cystitis to be present 
in 25 per cent of Spence’s cases 

Gross hematuria, usually in the form of small clots appearing toward 
the end of micturition, was present in 9 5 per cent of the cases and 
justifies the inclusion of granular urethritis in a prominent position m 
the list of causes of blood in the unne of the female patient 

Polypoid and cystic masses were found in the unexpectedly high 
portion of 61 per cent of Spence’s cases It was Spence s 
that this figure, which is much higher than that usually given, is 
result in part of his consistent use of forobhque instruments for^s^^^^ 
tinizing the entire urethra, a procedure which enables him to^ 
many lesions which were overlooked previously, when he use 
angle lenses 

Extensive light fulguration of the entire urethral hnmg 
more permanent symptomatic results and more instances of sa is 
late visual appearance of the urethra than were possible before ^ 

Disturbances of the female urethra occurring during 

allel exactly similar disturbances in adult patients The ma 

of the patient is similar , 

that a preJ'"" 

Stricture — Aiken and Zumach'^^ are of the opinion ^tridur^ 
nary urethrogram should be made in all cases 1 'VlKen and 

before clinical treatment is carried out In the average c 
Zumach’s treatment of the patient is similar to the at '' 

United States, in that they use increasingly enlarge 

T Tirol ^3 199 203 0 ^ 

70 Spence, H M Granular Urethritis in Women, J urui 

IPdO fprn'*' " 

71 Aiken, C E , and Zumach, E Die klinische Behandlunff 
striktur Ztschr f Urol 33 498-510 1939 
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sounds tor dilation They still porfonn internal urethrotomy severe 
contractures, but they do internal urethrotomy only after they ha%e 
performed suprapubic cystostoni) 


SCROTL M 

Carcnioma -In discussing the treatment of carcinoma of the scrotum, 
Graves and Flo stated that irradiation should not be relied on for le 
destruction of this tumor Ihe metastatic process m the groin seems 
stubbornly resistant to roentgen therapy, and the thin scrotal wal , 
which is almost lacking in normal tissue defenses beneath the primary 
growth, offers a poor field for the use of either radium or roentgen rays 
Basing their surgical methods solely on anatomic considerations, 
the authors wrote that it might be necessary to advocate comp et 
removal of the entire scrotum, together ^Mth the skin of the base o tie 
penis and the nodes of the groins en bloc, because this is a lyrrip i orne 
disease and because, as has been shown, there is an unusually ree com 
munication among the lymphatic vessels of this region Fortunate y, 
pathologic and clinical evidence suggests that less drastic proce ures 
may be safe The lymphatic-enibohc mode of dissemination of this par 
ticular type of cancer renders it futile, probably, for the surgeon to 
attempt to remove the intervening channels between the tumor and t e 
glands, and further support of this view is found in the fact that Graves 
and Flo have seen no instance of local recurrence of this tumor in t e 
scrotum after adequate local excision has been performed, even m 
senes in which there was eventually a high mortality rate The invo ve 
portion of the scrotum must be excised completely, together with a 
wide margin of surrounding normal scrotal wall Undoubtedly, some 
degree of direct permeation occurs along lymphatic vessels in the immedi 
ate vicimty of the tumor When the lesion lies near the median line, 
dissection should extend well on the opposite side, for the raphe has no 
significance so far as the lymphatic vessels are concerned, and the path 
^vays of these vessels are continuous from one side to the other Klec- 
trosurgical handling is desirable in these operations on the scrotum, 
because it aids in the control of hemorrhage 

Graves and Flo wrote that they sacrifice the testicle and divide the 
spermatic cord well above the external inguinal nng, at least on the 
side affected by the tumor There is no lymphatic communication 
between tlie scrotum and the testis or its tunica, but closure of the 
remaining portion of the scrotum will be difficult in most cases if both 
gonads are spared and if more extensive excision is performed may 
be impossible unless both gonads are removed 

72 Gra\es, R C, and Flo S Carcinoma of the Scrotum, J Urol 43 309-332 
(Feb) 1940 
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Both groins must be dissected On the side on which the tumor is 
situated the incision that surrounds the neoplasm may be continued 
upward and outward, a little above and parallel to Poupart’s ligament, 
to within 2 cm of the anterior superior spine of the ilium Then it 
should curve widely downward and inward across the lowest level of 
the femoral triangle By turning medially the resulting broad-based 
flap of skin, the surgeon may gam ready access to the inguinal and 
femoral regions, so that all of the gland-bearing tissues may be removed 
en bloc, with the tumor, testis and cord Another plan that may be used 
continues the scrotal incision upward and outward only until the inasion 
communicates with an incision in the groin which curves in the other 
direction, beginning near the antenor superior spine, extending above 
Poupart’s ligament to the spine of the pubis and then curving widely 
downward and outward across the lower portion of the femoral region 
The flap is dissected laterally so that access to the gland-bearing region 
can be secured In dissection of the groin m recent years Graves an 
Flo have employed these curved incisions in an effort to avoid as inuci 
as possible the sharp comers and acute angles which have seemed m 
the past to invite necrosis 

Every radical dissection of the groin in cases of scrotal cancer nwsi 
be carried out with meticulous attention to the anatomic aspects o 
lymphatic vessels as described previously 


HYDROCELE 

Young stated that the nonoperative treatment of hydrocele is^o 
unsatisfactory Simple aspiration is followed by early recurren 
the fluid and sometimes by infection , 

The injection treatment often fails to cure the hydroce e 
quently results in the formation of painful adhesions ^ 

Complete excision of the sac has encountered the ° ^{(er 

many blood vessels which require ligation may be foun , 
ligation has been done postoperative extravasation of b oo 
The bottle operation with inversion of the sac, a proce and 

to avoid these operative difficulties, is not infrequently 
leaves a large mass situated back of the testicle and epi • ^ lor 

A new operation has been devised by Young w 
incision of the sac layer by layer and stripping ^ ^ ? j,i tlii> 
thin serous membrane is reached , this alone is exci ligand 

hemostasis is easily secured, since few vessels 
The operation is thus made more nearly accurate ctirato'- 

and hemorrhagic than other procedures, and it is ra - 

IV,, Fxcision ScroU’ ta 

73 Young, H H Radical Cure of Hydrocele by nx 
Sac, Surg, Gynec & Obst 70 807-812 (^pril) 1940 
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GLANDULAR THERAPY 

HeckeP'* reported that testosterone propionate injected daily into 
muscle produced little improvement in the symptoms and clinical course 
of 22 patients who had benign prostatic hypertrophy It did not pro- 
duce any noteworthy reduction in the amount of residual urine Histo- 
logic examination of tissue from the prostate glands of patients who 
previously had been treated with testosterone propionate disclosed no 
vanation from the appearance of sections from untreated patients Tes- 
tosterone propionate produces a temporary depletion of spermatozoa in 
patients who have spermatozoa in normal numbers In 10 of 12 patients 
oligospermia was produced These data would indicate that this mate- 
rial is of little benefit m the treatment of benign prostatic hypertrophy, 
and its promiscuous use for a long period for patients who have normal 
testicular function might be harmful 

Korenchevsky and Ross^® have noted in previous publications that the 
weight of the kidney in rats was decreased after castration and increased 
after injection of androgens They noted also that there was an appar- 
ent decrease m the size of the kidneys after ovariectomy Simultaneous 
injection of both androgens and estrogens produced hypertrophy of the 
kidneys Their latest investigation was made to correlate and confirm 
the previous observations 

The total number of normal rats investigated was 148, of which 70 
males and 12 females were kept as controls and 31 males and 35 females 
were given injections The total number of gonadectomized rats was 
418, of which 59 males and 21 females were controls, 142 males and 
39 females were given injections of androgens, 20 males and 34 females 
were given injections of estrone, estradiol or esters of the latter, and 
48 males and 55 females were gnen Simultaneous injections of both 
androgenic and estrogenic substances 

The experiments were carried out on 178 rats for twenty-one days 
and on the remaining 388 rats for two to three and three-quarters 
months 

In agreement with the absence of any definite change in weight of 
the kidneys, no significant change in the size of the tubules, either by 
weight or histologically, was found m ovariectomized rats In castrated 
^^ts the measurements showed a defimte decrease in the size of the 
convoluted tubules Thus, the definite decrease m the size of the kidneys 

74 Heckel, N J The Influence of Testosterone-Propionate upon Benign 
Prostatic Hypertrophy and Spermatogenesis A Clinical and Pathologic Study m 
the Human, Tr Am A Genito-Unn Surgeons 32 237-261, 1939, J Urol 43 286- 
308 (Feb) 1940 

75 Korenchevsky, V , and Ross, M A Kidneys and Sex Hormones, Bnt 

J 1 645-648 (April 20) 1940 
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-opHy of the sec. 

raJ”ht°^dToZl“hf“'‘“‘°”‘''^ 0^^‘tated male 

nrS,; I? u sobstances, androsterone and esters of testosterone 

mte^''bj‘„?r ‘“‘“‘f ™o osters on the kidneys appears to be defi- 
mto the ^ I t ’’“t’- '^'’on estrogens were injected 

weieht ofThT w P™‘“^0‘f POftods, there was no increase m the 
Zfn!r! ^ °r ” ‘“*>“'0=. but there nas cystic 

‘ I %or of the cortex and 

edema ^ ^ ^ tubular epithelium and marked peritubular 


inf- fti tie androgens and estrogens were injected simultaneously 
cam hyper trophizing effect of the androgens remained the 

e pat ologic effects of the estrogens (dilatation of the tubules, 
ma on o small cysts and development of peritubular edema and 
yperemia) were prevented or decreased by the neutralizing effect of 
an rogens m some rats only Some animals were as well developed 
as animals that had received injections of estrogens alone 

Since androsterone has only a weak action on the female se\ organs 
an occurs normally m the female organism, this substance might also 
e cautiously tested in suitable renal diseases of women 
^ In women suffering from these diseases, however, the administration 
ot estrogens, especially m large doses or for prolonged periods, probabh 
would increase the pathologic changes in the kidneys 

Merk tried treatment with testosterone propionate in a senes of 
cases of prostatic enlargement No success was obtained in 10 cases 
in which large prostatic adenomas and large amounts of residual iinne 
P^^sent In 32 instances of early enlargement in which less than 
cc of residual urine was present, symptoms of prostatism dnap 
peared after twelve injections of 10 mg of the substance -^fo^t ot the 
patients said that they felt much better after the treatment 

In 20 cases in which it was necessary to do some kind ot opcratio»- 
the general condition of the patients was considerably improved 
injections Merk discontinued the glandular treatment one ueek htwr'- 
operation and did not continue it after operation, since he 'was oi t 
opinion that severe hemorrhage may develop as a result ot lup^rtii 
caused by t he glandular substances 

76 Merk, K Ueber die Verwendung synthetischen TesUshormons in ^ ^ 
ser^atuen und chirurgischen Therapie der Prostata-Hypertrophic, Ztscnr r 

33 573-577, 1939 
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VITAMIN THERAPY IN UROLOGY 

Wildbolz ‘ ' earned out systematic investigations of the ascorbic aad 
metabolism of patients who had various urologic and surgical lesions 
He found that such patients rarely suffered from hypovitammotic con- 
ditions There was no regular parallelism between recovery or therapy 
and vitamin C content, and he was unable to reduce the number of 
postoperative complicationb b\ therapy with vitamin C 

HEMATURIA 

McKenna and Birch stated that there is a group of cases in which 
hematuria is present, either alone or accompanied with other hemor- 
rhagic phenomena, and m which there is no demonstrable pathologic 
condition of the urogenital tract The causative factor is a pathologic 
condition of the elements ot the blood or of the capillaries The most 
important conditions are the purpuras, essential or symptomatic, hemo- 
philia and avitaminosis C Not infrequently hemorrhage from the kid- 
ney IS the most prominent symptom, and occasionally it may be the only 
symptom, so that the patient is referred to the urologist It is essential 
that such conditions as these be recognized and evaluated, because 
urologic manipulation or surgical treatment will do the patient no good 
whatever and may be definitely harmful Every patient who has 
hematuria of unknown causation should have the benefit of complete 
studies of the blood and also of determinations of the ascorbic acid 
content of the blood 

CARCINOGENIC AGENTS 

Caldwell stated that various hydrocarbons, derived from coal tar 
or synthetically prepared, will produce cancers in experimental animals 
of different species The tumors produced are either carcinomas or 
sarcomas, depending chiefly on the application of the active agent to 
the epithelium of the surface of the skin or the introduction of the 
^gent into the deeper tissues The latent penod preceding the appear- 
^ce of the tumor is relatively long, and its length seems to have some 
relation to the life span of the particular species of ammal used 

The estrogens, admimstered m huge doses, are undoubtedly carano- 
gcnic, and m susceptible strains of ammals even physiologic concen- 
trations seem to determine largely what the incidence of tumors will 

77 Wildbolz, E Systeraatische Untersuchungen uber die RoIIe des Vitanuns C 

der Qiirurgie und TJrologie, Ztschr f Vitaminforsch 9 223-238, 1939 

78 McKenna, C M , and Birch, C L Hematogenous Hematuria, J Urol 
^ 171-182 (Aug) 1939 

79 Caldwell, G T Chemical Carcinogenic Agents, J Urol 42 651-673 
(Nov) 1939 
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be in those organs which are subject to repeated stimulation by means 
of these substances ^ 

Many tumors produced by chemical agents m one animal have been 
transplanted into other animals of the same species, and some have 
been transferred in this way through many generations Apparently, 
im ation y t e original carcinogenic agent is no longer necessary 
for the subsequent growth of the tumor The cells which constitute 
the tumor seem to have acquired new characteristics, and these char- 
acteristics, whatever they may ultimately prove to be, are transmitted 
without fail to all tumors which stem fiom the original tumor by the 
experimental process of transference 


UROLITHIASIS 

that the level of urinary calcium is a very important 

111 etween calcium metabolism and the development of calcium uro- 
lithiasis 

The excretion of calcium in the urine of the normal person and in 
that of the person who is undergoing certain intrinsic changes in his 
body mechanisms is discussed More specifically, the effects on the 
urinary calcium of bodily immobilization, intnnsic osseous disease, cer- 
tain endocrine changes, certain intrinsic renal changes and certain 
intrinsic variations the mechanism of which is not as yet understood 
are described The possibility of increasing and decreasing the excre- 
tion of calcium in the urine under these several conditions by means ot 
changes m the patient’s calcium and phosphorus intake, acidity of the 
ash of the diet and vitamin D intake is discussed 

The management, from the pomt of view of calcium metabolism, 
of the patient who has calcium urolithiasis is discussed under three 
headings (1) the prophylaxis of urolithiasis for patients who ha\e 
conditions in which the unne has a high content of calcium, (2) 
management of patients who have calcium urolithiasis and m whose 
urine the content of calcium is high, and (3) the management of patients 
who have calcium urolithiasis and whose urine has a normal or a 
content of calcium 

Eisele analyzed the records of all patients from the Universit) oi 
Chicago Clinics between 1927 and 1939 who had ureteral or renal » ^ 
cull He did this with the object of determining the relation bet 
the treatment of peptic ulcers and the formation of urinary stone 

SO Flocks, R H Calcium Urolithiasis The Role of Calcium oji 

the Pathogenesis and Treatment of Calcium Urolithiasis, J bJroI 
(Jan ) 1940 

81 Eisele, C W Role of Alkali Therapy for Peptic LIctr m Torn an 
Unnarj Calculi, J A \ 114 2363-2366 (June 15) 1940 
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Conditions favorable to formation of stone are produced by the 
usual medical treatment ot ulcer, namely, increase in unnary solids, 
high specific gravity, excretion of large amounts of crystalloids and a 
shift of the pH of the urine to the alkaline side Theoretically, hyper- 
excretory calculosis should be common among patients who are under 
treatment for ulcers 

Eisele found that, among 505 patients who had renal or ureteral 
calculi, 43, or 8 5 per cent, had peptic ulcers of which the symptoms 
antedated the symptoms referable to stone, and all of the patients had 
received the Sippy type of treatment In addition, 13 patients, or 2 6 
per cent, had chronic gastrointestinal distress and habitually took large 
amounts of alkalis for relief Thus, there were 56 patients, or 11 1 
per cent, among those who had lithiasis, in whom the ingestion of 
alkalis may have played a role in the formation of urinary stones 

The hyperexcretory calculosis which developed in these patients 
demonstrates the potential danger of alkali tlierapy for patients who 
have peptic ulcers 

CHANCROID 

Schwartz and Freeman discussed sulfanilamide in the treatment of 
chancroid and reported a senes of 37 cases For comparison there was 
also presented, as a control group, a senes of 60 similar cases in whicli 
the patients were treated by other methods 

Various doses administered daily were used and evaluated The 
average dose for the total group was 46 grams (3 Gm ) of sulfanil- 
amide a day The total dose varied between 280 and 950 grains (18 
and 62 Gm ) and averaged 642 grains (42 Gm ) per patient After 
the initial dose of from 3 to 4 Gm , the maintenance dose was determined 
by the climcal response and by the weight and age of the patient A 
high maintenance dose is of the utmost importance The least desirable 
combination is a low initial dose and a low maintenance dose The 
next least desirable is a high initial dose and a low maintenance dose 
The combination of a low mtial dose and a high maintenance dose is 
more desirable, whereas the combination of a high initial dose and a 
high maintenance dose is the most desirable 

Including all the various types of lesions, the average period required 
for healing in the control group was slightly more than thirty-two 
days In comparison, for the patients treated with sulfanilamide this 
time varied from seven to twenty-three days and averaged fifteen and 
seven-tenths days Chancroidal ulcers situated elsewhere than on the 
glans penis responded best to treatment Chancroidal bubo, unruptured, 
was next most responsive There was little difference in the response 

82 Sclnvartz, W F, and Freeman, H E Sulfanilamide in the Treatment of 
Chancroid JAMA 114 946-947 (March 16) 1940 



1530 


ARCHIVES OF SURGERY 

ulceraton of the glanfpems. '’fes 

responsive lesion Avas slightly less 

ENURESIS 

done manometric exramrtiOTs°of \h^ ™ he had 

underlying pathologic process is an tt r concluded that the 

nerve fibers of the bladder Th irritabihty m the afferent 

Sitkery stated is identicd to and al'™ “““ PoHakiuria. which 

therefore preferred to Sl A.f f«°ciated with, enuresis He 

k to call this condition ‘'pollakiur.a enuretica " 

urinary antiseptics 

the reluItTrf tretorf Iherature on mandehc acid and presented 
Medical Clinic with the n infections obtained in the Geneva 

tains mandehc acid comf. ^‘^tnpwnd amanol Amanol, which con- 

methenamine phenylglycohcum 0 2 G 

Gm , sulfanilamide (naraammoh^ ^ phenylgiycolate, 07 

the treatment of 7^ ^P^^^^^'^'^obenzenesulfonamide), 0 1 Gin In 

caused by Bacillut; urmaiy^ infection, including that 

the residfs tv Wn ’ f ^ f ° of mixed infections 

infections aggravated ^ complicated urinary 

not so satisfactory t 7 tumors, the results naturally were 

mandehc acid th^i- +n necessaiy, as m the treatment with simple 

that the ma,n 7 restricted Weyeneth stated 

IS that it IS amanol orer other mandehc compounds 

Burhi f f the stomach 

apv for nifpri-^ 7^ reported the results of neoarsphenamine t/ier- 

females r/nl ” patients, 149 wales and 109 

m the presence Diagnostically , especially 

urinary sed coccic infections. Gram’s stain of the centnhig'ed 

The oresp more valuable even than special culture mediums 

that disPD ° either bacteria or pus in the urine is good evidence 

orostatip oxists in the upper part of the urinary tract and not in tlie 

prostatic region 

bactena 77^^ bacillary infection in men were absence oi 

these c 1 ^ unne and sterile prostatic cultures For women 

absence of bacteria and pus in the urine and absointe 

nocturna r yj^^^’'^achungen uber die Pathologic dcr sogenannteii rnuosn 

nocturna, Ztschr f Urol 33 409-4^1 1939 

tionen ^ ^^andelsaure m der Bekampfung der Harnweginn^ 

peutikiimc Q ^^rSclvSichBgung eines Zweckwa^sig kombiniLften Thc^ 

85 B ' Wchnschr 69 1297-1302 (Dec 23) 1939 

(Jnnar\ ^ Cook, E N Neoarsphenamine m the Trcatirc^ ^ 

unrar, Iniccl.ons, J Ur„| 43 4,7,425 ,^^5, 
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reliet of symptoms Final certainty of cure was assumed if no recur- 
rence was noted during the first three months after cessation of treat- 
ment 

Bacillary infection responded very poorly to neoarsphenamine ther- 
apy, as did nonspecific prostatitis Infection caused by Streptococcus 
faecalis responded to acidification therapy alone or in combination with 
neoarsphenamine Instances of so-called amicrobic pyuria, in which 
bacteria could not be demonstrated m the urine even after special 
efforts, did not respond However, it bacteria were demonstrated, 
results were satisfactory Response to treatment was better in cases 
in which the upper part of the urinary tract was involved than m those 
in which the bladder was involved These results were especially favor- 
able in cases of uncomplicated infection 

Improvement usually appeared after the first injection of neoars- 
phenamine Increasing doses should be used in subsequent injections 
in cases m which there has been no response Only two doses should 
be administered m cases in which no improvement is demonstrated 
Results were better when they were accompanied by urinary acidifica- 
tion Four doses are all that are usually indicated 

Of the 189 patients who had coccal infections and who were treated 
with neoarsphenamine, 17 per cent had reactions, which is a higher pro- 
portion of reactions (and the reactions were of a more severe type) 
than is the case when neoarsphenamine is used specifically 

UROGRAPHY 

Braasch and Doss,®® m discussing the clinical value of the delayed 
urogram, said that the difficulty in determination of the cause of stasis 
visualized in the delayed urogram often diminishes its clinical value 
It is possible that more precise methods of detemumng the ureteropelvic 
physiologic picture than have been employed in the past may aid in this 
fespect However, the delayed urogram is often of definite value m 
determining ureteropelvic obstruction, particularly in “borderline'^ cases 
Unless the existence of stasis can be visualized in these cases, surgical 
intervention usually is not indicated The delayed urogram also may be 
of value in the identification of doubtful roentgen shadows m the ureter 
or kidneys In spite of the fact that the observations are sometimes 
puzzling, the method deserves more frequent employment 

RETROPERITONEAL TUMORS 

Kretschmer reported a case of retroperitoneal lipofibrosarcoma 
m which the patient was a child 

S6 Braasch, W F, and Doss, A K The Clinical Value of the Dela>ed 
Urogram, Tr Am A Genito-Unn Surgeons 32 119-125, 1939 

87 Kretschmer, H L. Retroperitoneal Lipofibrosarcoma m a Child, Tr Am 
•V Gemto-Urm Surgeons 32 57-71, 1939 
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It IS generally noted that the age of patients m whom retroperitoneal 
lipoma occurs with greatest frequency is from 40 to 60 years In the 
series of 42 cases studied by Pemberton and McCaughan, the youngest 
patient was 28 years old , the oldest was 68 years old, and the average 
age was 49 3 years 

This tumor may reach enormous proportions One of the largest 
tumors was that described by Hirsch and Wells, which weighed 69 
pounds (31 3 Kg ) From the standpoint of clinical pathology, retro- 
peritoneal lipomas present two very interesting aspects (1) recur- 
rence is relatively frequent with growths that are histologically benign 
and (2) in certain cases a recurrent tumor which originally had been 
histologically benign shows malignant changes 

Concerning the point of origin, it may be said that this frequently 
is hard to determine, except for the fact that it is known that the tumor 
arises m the retroperitoneal space When the tumor comes to climcal 
observation and operation, it has, in the average case, reached huge 
dimensions and fills much of the retroperitoneal space There is a 
general tendency for urologists to regard all such tumors as simply 
retropentoneal rather than to try to distinguish those arising from the 
root of the mesentery or those which are penrenal in origin Mayo 
and Dixon found that 80 per cent of simple retroperitoneal lipomas 
arose in the abdomen and that 20 per cent arose in the pelvic region 
As a result of the growth of the retropentoneal lipoma, secondarj 
changes may occur m the urinary tract which may lead to comp 
destruction of the kidney Displacement and compression of the uree^ 
may result in hydronephrosis A large retroperitoneal lipoma m 
envelop the kidney so that pressure atrophy results, or the 
show more or less dilatation caused by obstruction at the 
junction or below that point Not infrequently a retroperitonea 
tumor surrounds the kidney and its pelvic structures so c 
that removal of the mass necessitates nephrectomy This op 
was done in 50 per cent of the reported cases ntonu 

In the majority of reported cases the tumor had caused no sy^^ 
until it reached such a size that abdominal swelling was note 
it produced pressure symptoms on various organs (usua y 

or the genitourinary tract) Ptropcntone**' 

Radical extirpation is the only possible treatment o the 

lipomatous tumors Since m most cases symptoms are a s 
growth has attained a huge size, the operation is tjie do <- 

cult, considering the adhesions frequently encountere a 
proximity’- of the growth to important structures an o^ 

\essels In the case reported by Kretschmer the hjvn 

earned out The entire tumor was shelled out as easi y 
could be shelled out except that adhesions -were hn' 

pole, ^\here the tumor was firmly attached to the muse c 
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regions as Kidneys abscess Pelvis ab 
scess Prostate abscess Spine Urethra 

abscess etc 

drainage of prevesical space 184 
perlnephrltlc 105 
perirenal 1284 
Acetabulum See Hip Joint 
Acromioclavicular Joint See Shoulder 

Adams Robert contribution of early British 
surgeon to knowledge of heart disease 369 

Adams W E Spontaneous pneumothorax fol 
lowing positive pressure Intratracheal anes 
thesia , report of case 61 

Adenomyosarcoma of kidney {Wilms tumor) 
report of 3 cases 370 

Adolescence osseous dystrophy following severe 
Icterus neonatorum 791 

Ago Old See Old Age 

Air sterilization of air In operating room \vlth 
bactericidal radiation results from Nov 1 
1938 to Nov 1 1939 with further report 

as to safety of patients and personnel 334 
Algeiita See Barberry 

Allen E V Circulation time from foot to 
carotid sinus and from arm to carotid sinus 
of man effects of operation and of admin- 
istration of thyroid gland postoperative 
phlebitis and pulmonary embolism 1377 
Time required for blood to flow from arm and 
from foot of man to carotid sinuses effect 
of temperature exercise Increased Intra- 
muscular tension elevation of limbs and 
sympathectomy 1360 

Allen P M Effects of local reaction In spon 
toneous tumors of animals and human 
beings 79 

Allen J G Response of plasma prothrombin 
to vitamin K substitute therapy In cases of 
hepatic disease 1303 

Use of serial dilutions In determination of 
prothrombin by X stage technic 873 

imputation treatment of osteogenic sarcoma 
708 

Vnastomosis See Blood vessels Colon Rec 
turn etc, 

Vnderson E R Parenteral administration of 
water soluble compound with vitamin K 
activity 4 amino 2 methyl 1 naphthol by 
drochlorlde 1144 


Androgens glandular therapy of prostatlc hj- 
pertrophy 1525 
testosterone propionate 204 

Andrus W DeW Clinical Investigations of 
some factors causing prothrombin deficien- 
cies, significance of liver In their produc 
tion and correction 506 
^letabollsm of vitamin K and role of liver In 
production of prothrombin In animals, 585 

Anemia sickle cell disease pathogenic clinical 
and therapeutic considerations 1344 
splenic , splenectomy In treatment of Bantl s 
syndrome 91 

inesthesla See also Surgery 
anesthetic agents 207 

spontaneous pneumothorax following positive 
pressure Intratracheal anesthesia report of 
case 61 

Anesthetics See Anesthesia 

Aneurysm of ductus arteriosus with considera- 
tion of Its importance to thoracic surgeon 
report of 2 cases 324 
of renal arteries 1282 
Angina Ludwig's 632 
Ankle See also Foot 
fusion of 808 

Anomalies See Abnormalities and Deformities 
and under names of diseases organs and 
regions as Arachnodactyly KIdnejs Legs 
deformities, etc 

Anoxia See Oxygen deficiency 
Anuria See Urine suppression 

Anus See Rectum 
Apoplexy See Brain hemorrhage 
Vpparatus See Instruments 
Appendicitis See also Appendix 

acute role of intraluminal obstruction In 
pathogenesis of 1261 
Appendix opinions after 34 years 508 
Arachnodactyly muscular and skeletal changes 
In 789 

Arms See also Extremities Forearm Hum 
erus Radius etc 

circulation time from foot to carotid sinus and 
from arm to carotid sinus of man effects of 
operation and of administration of thyroid 
gland postoperative phlebitis and pulmo 
nary embolism 1377 

time required for blood to flow from arm and 
from foot of man to carotid sinuses effect 
of temperature exercise Increased Intra- 
muscular tension elevation of limbs and 
sympathectomy 1306 

Arnold H R Resection of carcinomatous 
rectosigmoid Juncture with reestablishment 
of Intestinal continuity subsequent report 
110 

Aronson H G Factor of bile stasis In expert 
mental production of gallstones In dogs 
OGO 

\iicrJcs See Vnturysm Arteriosclerosis Blood 
pressure Blood vessels Embolbm etc 
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Arteriosclerosis clmnges In bonts nnd Joints 
resulting from Interruption of circulation , 
nontraumatic lesions in adults with bone 
Infarction, artliritis defornmns, llo5 

Arthritis deformans , changes in bones and 
joints resulting from Interruption of clrcu- 
lition, nontraumatic lesions in adults with 
bone Infarction, 1455 
experimental, in rabbits, SIJ 
gonococcic, in nenborn, 793 
reconstructive operations for septic arthritis 
of hip joint, S07 

recurrence of infection after clcctUc opera- 
tions In cases of liealed suppuration In 
bones and joints, 1426 
ArthropIast3 See under Hip Joint 
Asphyxia, effects of local reaction In spontane- 
ous tumors of animals and human beings 
79 

Asthenia, neurocirculatory, 237 

Atrophy See under Joints, Kidnejs, etc 

A\ltamlno3ls See under Vitamins 

Bad))} See Bacteria 

Backache air myelographj in diagnosis of Intra- 
splnal lesions, 794 

intrasplnal lesions associated with pain low 
in back and sciatic pain, 794 
sciatic radiation of pain low in hack, 795 
Bacteria See also Staphylococci, etc 
Bacillus pyocyaneus osteomyelitis of spine , 
report of case of successful treatment with 
sulfanilamide 740 

sterilization of air In operating room with 
bactericidal radiation, results from Kov 1 
1938 to Nov 1, 1939, with further report 
as to safety of patients and personnel, 334 
Bailey G Seventy-second report of progress 
In orthopedic surgery, 788 

Balfour, D C Place of gastroscope in diag- 
nosis of lesions of stomach and of duode- 
num, 221 

Bantrs Disease See Anemia, splenic 
Barberry, ancient remedy, new germicide, 287 

Barg E H Splenectomy in treatment of 
BantPs syndrome 91 

Bauer J Sickle cell disease, pathogenic, clini- 
cal and therapeutic considerations, 1344 
Behrend, A Cerebral complications following 
surgical operations , factors which predis- 
pose to cerebral anoxia, 772 

Bellas, J E Suture studies, new suture, 1414 
Besser E L Cause of death in cases of 
mechanical intestinal obstruction, consider- 
ation of certain confused Issues and review 
of recent literature, 970 

Bile factor of bile stasis in experimental pro- 
duction of gallstones In dogs, 960 
BUe Ducts See also Gallbladder 
carcinoma of extrahepatic bile ducts, 662 
Sphincter See Sphincter muscles 

Biliary Tract See BUe Ducts, Gallbladder, 
Iilver 

Bilirubin, comparative concentration of human 
hepatic bilirubin and cholesterol by gaU- 
bladder postmortem study 1494 


lifOGR \P1IIES 

Adims, Kobert, 339 

Burns, Mian, 352 

Hodgson, Jostpli, 356 

Lewis, Dean, biographic sketch, 209 


Bladder See also Lrlnary Tract 
contracture of \cslcal neck, 1513 
ostitis associated with osteomielltJs, 1512 
cystitis cystica, 132 
diverticula, 182, 1510 
exstropliy, 1503 
Hunner s ulcer, 1305 
malakoplakia, 184 
neurogenic disease of, 1512 
regeneration, 1511 

rupture of inflammatory masses into bladder, 
185 

surgical treatment of bladder, kidney and 
ureters, 195 
tabetic changes In, 183 


tumors, 179, 1506 

Homquist, 0 A Traumatic intracerebral hem- 
orrhage with reference to Its pathogenesis 
and its relation to delayed traumatic apo- 
plexy/' 1 

Hood See also Anemia, Ery throcytes , etc 

circulation, changes in bones 
suiting from interruption of 

general considerations and changes resuitmg 
from Injuries, 436 
circulation, changes in bones 

suiting from interruption of ' 

nontraumatic lesions in adults d 

infarction, arthritis deformans, Hot) 
circulation time from foot to carotid sln^ 
and from arm to carotid sinus of » 

effects of operation and of 
thyroid gland, postoperative phlebitis 
pulmonary embolism, 1877 
circulation , time required for I^^ood 
from arm and from foot of 
sinuses, effect of temp^ature, ^ of 

creased Intramuscular lonslon, e 
limbs and sympathectomy, 1366 

coagulation, clinical ^^«®^®fi*“^clencle3, 
factors causing prothrooibin ^ 
significance of liver in their pro 
correction, 596 ^ 

coagulation, metabolism of fj^ombin 

role of liver in production of protnro 

In animals, 585 of 

coagulation , parenteral K 

water-soluble compound ^ 

activity , 4-amlno-2-meth>l- 

drochloride, 1244 nrothromblu 

coagulation, response of 1'^'^™“ „ in cases 
to vitamin K substitute therapy 
of hepatic disease, 1363 ^ 

coagulation, use of serial dU (echoic, 

nation of prothrombin by 

873 .^pndoil 

pressure, high, essential hypert 
perthyroidlsm, 239 ^ 

pressure, high, of l^chco>Ic 

pressure, high, revasculariw 

Udney, las'! 723 

proteins and wound „souIar 

vessels, soluble “VsMJ. 

tomosfs, esperlmentai 
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Bones Sto also under names of bones 
bone regenerating actlrlty of periosteum, 809 
changes In bones and joints resulting from 
Interruption of circulation general consld 
orations and changes resulting from injuries 
436 

changes In bones and joints resulting from 
Interruption of circulation nontraumatic 
lesions in adults with bone Infarction 
arthritis deformans 1455 
Diseases See Osteitis, Osteochondritis Os- 
teomyelitis , etc 

Dystrophy See Osteitis fibrosa 
fibrosarcoma of soft tissue producing regional 
concentric bone absorption 1257 
marrow, multiple myeloma 796 
rarefaction of bone after injury to Joints 801 
recurrence of infection after elective opera 
lions in cases of healed suppuration In 
bones and joints 1426 
syphilis of skeleton in early infancy 793 
treatment of osteogenic sarcoma 798 
Bowlegs See Legs deformities 

Brain See also Meninges Nervous System 
etc 

cerebral complications following surgical oper 
atlons factors which predispose to cerebral 
anoxia 772 

experimental studies on headache pain sen 
sltlve structures of head and their slgnifl 
cance in headache 813 
hemorrhage, traumatic intracerebral hemor 
rhage with reference to pathogenesis and 
relation to * delayed traumatic apoplexy 1 
Breast metaplasia in 714 

problem of carcinoma radical mastectomy in 
90 cases, 66 

Brown T K Borderline problems in digestive 
field 22G 

Burns Allan contribution of early British sur 
geon to knowledge of heart disease 352 
Bums experimental lymph In 1038 
pathology of shock in man visceral effects of 
trauma hemorrhage bums and surgical op 
orations 123 

Bursa subdeltoid bursitis 654 
Bursitis See Buraa 

Caisson Disease changes In bones and Joints 
resulting from interruption of circulation 
nontraumatic lesions In adults with bone 
infarction arthritis deformans 1455 
Calcaneum fusion of ankle 808 

Calculi See Gallbladder calculi Kidneys cal 
cull Ureters calculi, Urethra calculi 
Urinary Tract calculi etc 

Callus See under Fractures 
Cancer See also Sarcoma Tumors and under 
names of organs and regions as Bile Ducts 
Breast Esophagus Intestines Prostate 
Scrotum Stomach Tongue etc 
carcinogenic agents 1627 
effects of local reaction in spontaneous tumors 
of animals and human beings 79 
Fuchs test for malignancy 730 
Capillaries See also Blood vessels 
caplllarj permeablllt> In areas of Inflamma 
tlon produced by i>lene 101 
demonstration of capillary permeability factor 
In l ssuo extracts from normal rabbits 90 


Capltulum See Humerus 
Carcinoma See Cancer 

Carotid Sinus circulation time from foot to 
carotid sinus and from arm to carotid sinus 
of man effects of operation and of admini- 
stration of thyroid gland postoperative 
Phlebitis and pulmonary embolism, 1377 
time required for blood to flow from arm and 
from foot of man to carotid sinuses, effect 
of temperature exercise Increased Intra 
muscular tension elevation of limbs and 
sympathectomy 1306 

Carpus See Wrist 

Cartilage See also Chondroma Osteochondri- 
tis Ribs etc 

Joint cartilage under various physiologic de- 
mands 810 

Casberg M A Perforation as complication of 
gastric carcinoma 937 

Castration in cases of prostatlc hypertrophy 
1296 

Catgut See Sutures 

Cecum some etlologlc and pathologic factors In 
cancer of large bowel 257 

Cells See also Tissue 

origin evolution and significance of giant 
cells In Riedel s struma 308 

Chancroid 1529 
Chest See Thorax 

Children feet of Infants and children 800 
Cholecystogastrostomy See under Gallbladder 

Cholesterol comparative concentration of human 
hepatic bilirubin and cholesterol by gall 
bladder postmortem study 1494 

Chondritis See under Knee 
Chondrodysplasia report of case 213 
Chondroma benign of libs 798 

Chordoma surgical management of sacrococcy- 

geal and vertebral chordoma 408 

Clnchophen effect of cholecystogastrostomy on 
clnchopben produced ulcer In dogs 609 

Civilization diseases peculiar to clvlUzcd man 
236 

Clavicle fractures new clavicular splint 802 

injury of acromioclavicular and stemocia 
vicular joints 802 

Clerf L H Diseases of esophagus csophago 
scopje considerations 1043 

Colitis surgical problems In treatment of 

chronic ulcerative coUtls 526 

Colies Fracture See Radius fractures 
Colon See also Cecum, Intestines Sigmoid 
gangrene of sigmoid flexure of colon due to 
volvulus recovery of child spontaneous 
anastomosis betucen descending colon ana 
rectum 403 

some etlologlc and pathologic factors In can 
Ccr of large bowel 2 j 7 
"Volvulus See under Intestines 
Contracture Ischemic of lower extremity 915 

CourvIUc C B Traumatic Intracerebral 
hemoniiage with reference to its imtho 
genesis and its relation to delayed traum 
atic apoplexy 1 

Cialg V\ McK Time required for blood to 
flow from arm and from foot of man to 
carotid sinuses effect of temperature cx 
erclsc Increased Intramuscular tension 
iltvjtlon of limbs and sympathectom) IJ»jO 
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pain senlmv^Tstructure^^^ l°”i ^'“''^aclie , 

slffnlflcance In hcadS, 8^“''“^ 

Diseases peculiar to chlllzed man, 
Cystitis Sec Bladder 

filons?“L Ther/e”?*^® ““il re- 
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Dandy, av t? t> 

Involved In tumors,' '!>4 1°^ longitudinal sinus 

209^ ^ biographic sketch, 

' -r ol'fS can- 

Da\is, H A T 

visceral effects shock in m tn , 

Davl^^T opcratloTs', 

“^'lecLe^pera'^Sir^ar/s 

Puratlon 1„ bones and Joints 142c “'' 
obsSon“ Sder'atT'‘^''“?"^“' 

fnsed issues and reS ?p con- 

gyp ana review of recent literature. 

lasla,^evlew“STlteIat'u!?'''‘rf°“® 

cases, 1146 ^ture and report of 3 

“““"“na n° ■>«“»- 

s..'ta,s.-rirT"«2s- 

ters, etc ^>acrum , Thorax, Ure- 

disease' (dyspllag‘la)'’^1044”“‘* ^Hdphageal 

odwophagla, 

Dementia p 

due to metrazoi thmp“y%0^ 

bSey ?394 ''®"“*‘=dI«l-^tlon of ischemic 
Diabetes Mellitus 239 

germicide “nolent remedy, new 

from"S'clenl®Xt^'‘''^ col- 

dlgestlve tract, 794 ^ ‘ disease of 

gestlve Tract See also Intestines, Stomach, 

renal dlBMf’ly?reTes:‘“2o?^"“''® 

Diaeases peculiar to clrlllzed man 236 
Diverticula See Bladder F«nnu 
Dragstedt, L r -rr ’ Esophagus, etc 
determination dUutlons in 

technic, 873 Prothrombin by 1 stage 
Drennen, E 

and today, 292^ Ballbladder In 1910 

of Its bnPMtince^ t^lhorn*^ consideration 
port of 2 cases, 324 surgeon, re- 

Duiin, J w RT^^ 

Banti's syndrote^If ‘^^'“'“ent of 

“iSr; °M 1° '"•Mdsis pf 

m«,. s.e Paptia daoaaopn, 2!i 

DPsPhsgl. saa D.g,„„„„ 


""'.cSXVpSs;';™ a, 

'"'teriit' "“““d™. apst a, 

Detoplc Gestation See Pregnancy 
> boP, ouernal dislocation of. 803 
^ Illston AA’’ V R,.,, 1 

progress In orthofcdic su’rge^^^sr"^ 

tTs’ fr 4i!, 

“Sflon^'^of l^Urf d« 

phlebitis and postoperative 

"“S:SS slSo^apa,^- “»« 

Dnurcsis See UrlnaUon, Incontinence 
^pidld^mis, tuberculosis, 192 
Epiphyses, epiphysitis of spine, 790 
supped femoral epiphysis. 804 
transplanted epiphysial cartilage, 810 

cllnlcal*ind^ thlr disease, pathogenic 

juicat and therapeuUc considerations, 1344 

See also DegluUtlon 

reeled '<>*'^‘^‘^“^^011 of methods dl 

direct thei’' control, especlalJy by 

ajrect injection of sclerosing solution 1101 

congenital atresia, study of 32 cases, 1000 
conservative treatment of achalasia, 1141 
1043^^ csophagoacopic considerations 

diseases, symptoms of, 1044 
diverticula, Ills 

tiemonstration of varices, its clinical 
importance 1084 

surreal considerations of achalasia, revleir 
or literature and report of 3 cases, 1140 
surgical treatment of carcinoma, 1184 
Bvers, E Puchs test for malignancy, 730 
Ewing Sarcoma See Sarcoma 

Exercise, time required for blood to flow from 
arm and from foot of man to carotid 
Saiuses , effect of temperature, exercise 
Increased intramuscular tension elevation 
of limbs and sympathectomy, 1366 
Extremities See also Anns, Legs, etc , and 
under names of bones 
circulation time from foot to carotid siniw 
and from arm to carotid sinus of man, ef 
fects of operation and of administration of 
thyroid gland , postoperative phlebitis and 
pulmonary embolism, 1377 
Ischemic contracture of lower extremity/ 0 -iS 
paralysis, fusion of ankle, SOS 
time required for blood to flow from arm 
and from foot of man to carotid sinuses 
effect of temperature, exercise, hicreasea 
intramuscular tension, elevation of Hoios 
and sympathectomy, J366 


Femur See also Hip Joint 
Epiphyses See Epiphyses 
fracture of femoral neck due to metraxf^ 
therapy, 804 

ununited fractures of femoral neck in 
805 

Fever as initial symptom of h>per/iephro < 
tumor of kidney, 335 

Fibrosarcoma of soft tissue producln;: r*-/. on 
concentric bone absorption 
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ribula lengthening of tibia and flbula 807 
ringers and Toes Sec also Foot 
correction of congenital aubluxatlon of fifth 
toe, 808 

Finney, J M T Human, side of surgery 290 

Firor W M Intrathecal administration of 
tetanus antitoxin 299 

Fistula ureterovaglnal 171 
vesicovaginal, 1513 

Foot See also Ankle , Calcancum Fingers and 
Toes etc 

circulation time from foot to carotid sinus 
and from arm to carotid sinus of man ef- 
fects of operation and of administration of 
thyroid gland postoperative phlebitis and 
pulmonary embolism 1377 
Drop See Extremities, paralysis 
feet of infants and children, 800 
time required for blood to flow from arm 
and from foot of man to carotid sinuses 
effect of temperature, exercise. Increased 
Intramuscular tension elevation of limbs 
and sympathectomy 1306 

Forearm fibrosarcoma of soft tissue producing 
regional concentric bone absorption 1267 

4 amino 2 methyl 1-naphthol hydrochloride pa- 
renteral administration of water soluble 
compound with vitamin K activity 1244 

Fractures See also Ankle and under names 
of bones as Clavicle , Femur , Humerus 
Badlus Scaphoid Bone Carpal, Tibia etc 
Colies See Badlus fractures 
phosphatase activity in early callus 809 

staple for transverse fractures of lone bones 
805 

Freeman E B Conservative treatment of 
achalasia 1141 
Fuchs Test See Cancer 

Gallbladder See also Bile Bile Ducts 
Calculi factor of bile stasis In experimental 
production of gallstones In dogs, 960 
comparative concentration of human hepatic 
bilirubin and cholesterol by gallbladder 
postmortem study 1494 
effect of cholecystogostrostomy on clnchophen 
produced ulcer In dogs 669 
surgery in lOlO and today 292 
Gallstones See Gallbladder calculi 
Gangrene gas, 801 

Cas gangrene with reference to Importance 
of wool as source of contamination 393 
of sigmoid flexure of colon due to volvulus 
recovery of child spontaneous anastomosis 
between descending colon and rectum 403 
Garland L H Differential diagnosis of 
mechanical and paralytic Ileus with refer 
once to early diagnosis of strangulated ob 
structlon 147 

Garlock J H Surgical treatment of card 
noma of esophagus 1184 
Gas Gangrene See under Gangrene 
Gastric Ulcer See Peptic Ulcer 
Gastrointestinal Tract See Colon Intestines 
Rectum Stomach etc 

Gastroscope See under Duodenum Stomach 
Germicides See also Sterilization 
barberry ancient remedy new germicide 287 


Goetsch h Origin evolution and significance 
of giant cells In Bledel s struma, 308 

Goiter See also Thyroid 
incidence of substernal and Intrathoraclc 
goiters 304 

microscopic changes Induced in thyroid gland 
by oral administration of desiccated thy- 
roid , use of substance in treatment of con- 
genital and simple colloid goiter 487 

Graham E A. Aneurysm of ductus arteriosus 
with consideration of Its Importance to 
thoracic surgeon, report of 2 cases, 324 

Gumma See under Kidneys 

Gutierrez R Review of urologic surgery 154 
1272 1505 

Haas S L Influence of fusion of spine on 
growth of vertebrae 607 

Hamilton J F Ewing's sarcoma (endo 
thelial myeloma) 29 

Hart D Sterilization of air In operating 
room with bactericidal radiation results 
from ^ov 1 1938 to ^ov 1 1939 with 

further report as to safety of patients and 
personnel 334 

Haworth J B Differential diagnosis of 
mechanical and paralytic Ileus with refer 
ence to early diagnosis of strangulated 
obstruction, 147 

Head See also Cranium 

experimental studies on headache , pain 
sensitive structures of head and their sig 
nlflcance in headache 813 
injuries traumatic intracerebral hemorrhage 
yvlth reference to its pathogenesis and Its 
relation to delayed traumatic apoplexy 1 

Headache experimental studies pain sensitive 
structures of head and their significance In 
headache 813 

Heart disease contribution of 3 early British 
surgeons to knowledge of 361 

Heat See Temperature 

Heldrlck A. F Spontaneous pneumothorax 
following positive pressure Intratracheal 
anesthesia report of case 61 

Hematemesls symptoms of esophageal disease 
1044 

Hematoma ossifying and aUled conditions 516 

Hematuria 205 1527 

Hemorrhage See also Brain hemorrhage Ure- 
ters hemorrhage 

pathology of shock In man visceral effects 
of trauma hemorrhage bums and surgical 
operations 123 

Hepatic Duct See BUe Ducts 

Hepler A B Review of urologic surgery 
154 1272 1505 

Hermaphroditism true operative treatment 
new technic for curing hypospadias 557 

Hcmla and infection of urinary tract 203 
direct inguinal hernias study of 005 hernias 
and of 565 repairs 857 
evaluation of Injection treatment In older 
patients 3 year statistical analysis 114 
femoral study of 238 htmlus and 226 re 
pairs 1229 

Incomplete Indirect Inguinal hernias study 
of 2 162 hernias and 2 337 hernia repairs 
747 

malignant tumors of hernial sacs 1215 
recurrent inguinal study of 2S2 hernias and 
2Cb rciulrs 1137 
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Herrick, J B Contribution of 3 early Brit- 
ish surgeons to knou ledge of heart dis- 
ease, 351 

Hlnman F Review of urologlc surgery, 151, 
1272, 1505 

Hip Joint See also Femur 

extra-articular foci In tuberculous arthritis, 
792 

reconstructive operations for septic arthritis 
of, 807 

Hodgson, Joseph , contribution of early Brltlsli 
surgeon to Knowledge of heart disease, 350 

Horine, C F Catgut sutures and ligatures , 
greater efficacy achieved through observ- 
ance of certain details, 53 

Horwitz T Ischemic contracture of lower 
extremity, 945 

Hospitals, some of medical centers of South 
America, 1307 

sterilization of air in operating room with 
bactericidal radiation , results from Nov 1, 
1938 to Nov 1, 1939 with further report 
as to safety of patients and personnel, 
334 

Huggins C Ligation of inferior vena cava 
1334 

Humerus isolated fracture of capitulum and 
trochlea humeri, 803 

Hunner^s Ulcer See Bladder 

Hydatid Cyst See Echinococcosis 

Hydrocele, 1524 

Hydronephrosis 156 

Hypertension See Blood pressure high 

Hyperthyroidism See under Thyroid 

Hypertrophy See Prostate, etc 

Hypospadias, operative treatment of true her- 
maphroditism , new technic for curing hy- 
pospadias, 557 

Ileus See Intestines 

Hfeld F E Seventy-second report of progress 
in orthopedic surgery, 788 

Inflammation, capillary permeability in areas of 
inflammation produced by xylene, 101 

localization of staphylococci in areas of In- 
flammation produced by xylene, 879 

Injections intrathecal administration of tetanus 
antitoxin, 299 

Injuries See Head, Kidneys, Shoulder, Ure- 
ters, etc 

Instruments, conservative treatment of acha- 
lasia, 1141 

place of gastroscope in diagnosis of lesions 
of stomach and of duodenum, 221 

Inte^Ines See also Cecum, Colon, Duodenum, 
Rectum, Sigmoid, etc 

cause of death In cases of mechanical in- 
testinal obstruction, consideration of cer- 
tain confused issues and review of recent 
literature, 070 

differential diagnosis of mechanical and par- 
alytic ileus with reference to early diag- 
nosis of strangulated obstruction, 147 

gangrene of sigmoid flexure of colon due to 
volvulus , recovery of child , spontaneous 
anastomosis between descending colon and 
rectum, 403 

resectlop of carcinomatous rectosigmoid Junc- 
ture with reestablishment of intestinal con- 
tinuity subsequent report, 110 


Intestines — Continued 

some etiologlc and pathologic factors in can- 
ter of largo bowel 257 

Ulcers See Peptic Ulcer 

Intussusception, ureteral, 1292 

Jaundice, clinical Investigations of some fac- 
tors causing prothrombin deficiencies, slg 
nlflcanco of Ihor In their production and 
correction, 590 

osseous dystrophy following severe Icterus 
neonatorum, 791 

Jejunum See Intestines 

Ulcers See Peptic Ulcer 

Joints See also under names of individual 
joints, as Elbow, Hip Joint, Knee, etc 
changes In bones and joints resulting from 

interruption of circulation, general con 

sideratlons and changes resulting from in- 
juries, 430 

changes In bones and Joints resulting from 

interruption of circulation , nontraumatlc 

lesions in adults with bone Infarction , 
arthritis deformans, 1455 
joint cartilage under various physiologic de- 
mands, 810 

painful atrophy of, 801 
rarefaction of bone after injury to joints, 
SOI 

recurrence of infection after elective opera- 
tions in cases of healed suppuration m 
bones and joints, 1426 

Joplin, R J Seventy-second report of prog- 
ress in orthopedic surgery, 788 

Joyce, T SI Incidence of substemol and In- 
trathoracic goiters, 364 

JuUan, 0 C Fibrosarcoma of soft F® 

ducing regional concentric bone absorp 
1257 

Response of plasma prothrombin to 

K substitute therapy in cases of hepaut 
disease, 1363 , „ nf 

Use of serial dUuUons In detenntoatlo 
prothrombin by 1 stage technic, 

Karabln, J E Parents^ 

water-soluble compound with j 

tlvlty , 4-amlno-2-methyl-l naphtuoi 

chloride, 1244 

Kidneys See also Urinary Tract 

abscess, 1283 . 1283 

acute staphylococcic infec o » report of ^ 
adenomyosarcoma (Wilms tumor) , 

cases, 370 
anomaly, 1272 
atrophy, 167 
calculi, 159, 1278 

denervation 1282 

Diseases See Hydronep r j^ypernepbrold 
fever as ^tlal s:^ptom of 
tumor of kidney, 3oo 

. „„ rava, 1334 

ligation of inferior vena cav 

nephropexy, 1285 
nephrostomy, 1285 
nephrotomy 1285 
renal dIgesUve reflex -06 

T umi. 

revascularization of is 

rupture, 163 
surgical technic, W 
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KlUne^ a — Continued 

aurclcal treatment of bladder kidney and 
ureters 195 
trauma 103 1281 
tuberculosis 158 1273 
tumors 150 1277 

Knee See also Patella Semilunar Cartilages 
chondritis of 800 

excision of patella for arthritis of 807 
suppurative arthritis of 800 

Koster H Role of Intraluminal obstruction In 
pathogenesis of acute appendicitis 1251 
Serum proteins and wound healing 723 

Kretschmer H L Adenomyosarcoma of kidney 
(Wilms tumor) report of 3 cases 370 

Kuhns J G Seventy second report of progress 
in orthopedic surgery 788 

Kunath C A Problem of carcinoma of breast 
radical mastectomj in 90 cases 60 
Kyphosis See Spine curvature 

Lahey P H Esophageal diverticula 1118 
Lamlnectomj See under Spine 

Lanman T H Congenital atresia of csopha 
gua study of 32 cases 1060 

Laufman H Malignant tumors of hernial 
sacs 1215 

Legs See also Extremities Foot Knee and 
under names of bones 

deformities congenital bowing and pseud 
arthrosis of lower part of leg 788 

Leiomyoma of prostate 1302 
of round ligament 637 
Lewis Dean biographic sketch 209 

Lewlson E F Acute pancreatitis etlologlc 
review and report of 35 cases 1008 

von LIchtenberg A Review of urologlc sur 
gery 154 1272 1605 

Llcber ]SL M Carcinoma of extrahepatlc bile 
ducts 662 

Ligaments See Round Ligament 
Triangular See Wrist 
Ligatures See under Surgery 
Llpoflbrosarcoma retroperitoneal tumors 1531 
Llthlasls See Gallbladder calculi Kidneys 
calculi Urinary Tract calculi etc 

Liver clinical investigations of some factors 
causing prothrombin deflclencles signifl 
canco of liver In their production and cor 
rectlon 690 

comparative concentration of human hepatic 
bilirubin and cholesterol by gallbladder 
postmortem study 1494 
metabolism of vitamin K and role of liver In 
production of prothrombin In animals 585 
parenteral administration of water soluble 
compound with vitamin K activity 4 amino 
2 methyl 1-naphthol hydrochloride 1244 
response of plasma prothrombin to vitamin K 
substitute therapy In cases of hepatic dis 
ease 13G3 

solitary nonparasltlc cysts In children 422 
Livingstone H M Spontaneous pneumothorax 
following positive pressure Intratracheal 
anesthesia report of case 61 
Liojd S J Comparative concentration of hu 
man hepatic bilirubin and cholesterol b> 
gallbladder postmortem study 1 194 


Longitudinal Sinus removal of longitudinal 
sinus Involved In tumors 244 

Lord J W Jr Clinical Investigations of some 
factors causing prothrombin deflclencles 
significance of liver In their production and 
correction 596 

Metabolism of vitamin K and role of liver in 
production of prothrombin In apimals 585 

Ludwig 3 Angina See under Angina 

Lymph In experimental bums 1038 

Lymphatic System lymph spaces of normal and 
diseased meniscus 810 

McCague E J Fever as Initial symptom of 
hyperaephrold tumor of kidney 335 

McGlone F B Familial occurrence of hyper 
plastic gastric polyps report of 2 cases 
classification of benign mucosal tumors of 
stomach 1483 

McKinnon D A Bleeding' esophageal varices 
evaluation of methods directed toward their 
control especially by direct Injection of 
sclerosing solution 1101 

Maes V Gas gangrene with reference to Im- 
portance of wool as source of contamlna 
tlon 393 

Malakoplakla See under Bladder 

^lammary Gland See Breast 

Alanoll L Evaluation of Injection treatment 
of hernia In older patients 3 year statiatl 
cal analysis 114 

Martin H E Cancer of tongue 888 

"Mastectomy See under Breast 

Mayo C W Lelomjoma of round ligament 
637 

Meninges removal of longitudinal sinus Involved 
In tumors 244 

Meningioma removal of longitudinal sinus In- 
volved In tumors 244 

"Meniscus See Semilunar Cartilages 

Moyers R Extensive plexiform neurofibroma 
tosis of scalp and pinna 625 

"Mllgram J E Seventy second report of prog 
ress In orthopedic surgery 788 

ililler E M Gangrene of sigmoid flexure of 
colon due to volvulus recovery of ciilld 
spontaneous anastomosis between descend 
Ing colon and rectum 403 

"Mlrlxzl P L Physiologic sphincter of hepat c 
bile duct 1325 

Mlxter C G Surgical management of sacro 
coccygeal and vertebral chordoma 408 

Mlxter W J Surgical management of sacro- 
coccygeal and vertebral chordoma 408 

Moersch H J Bleeding esophageal varices 
evaluation of methods directed toward their 
control especially by direct Injection of 
sclerosing solution 1101 

Montgomery A H Solitary nonparasltlc cysts 
of liver In children 422 

ilooro R A Jletabolism of vitamin K and 
role of liver in production of protiirombln 
in animals 585 

Morgan D R Carcinoma of extrahepatic bile 
ducts 662 

Munster II Cancer of tongue 888 

"Muscles thno required for blood to flow from 
arm and from foot of man to carotid 
sinuses effect of temperature exercise In 
creased Intramuscular tension elevation of 
limbs and sympathecloray 1360 
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Muscles — Continued 

traumatic dislocation of tendon of bleeps 
brachll muscle, 700 

Myelography See Spinal Canal Ilociitgenog- 
raphy 

Myeloma, Ewing’s sarcoma (endothelial mye- 
loma), 29 

multiple, 706 


Navicular Bone See Scaphoid Bone, Carpal 

Negroes, sickle cell disease, pathogenic, clinical 
and therapeutic considerations, 1341 

Nephrectomy See under Kidneys 

Nephrostomy See Kidneys 

Nerves See also Neuralgia 

neurologic aspects of herniated nucleus pulpo- 
sus, 704 

Nervous System See also Brain, Nerves, 
Spinal Cord, etc 

buccal neuralgia , form of atypical facial neu- 
ralgia of sympathetic origin, 473 

Neuralgia, buccal, form of atypical facial neu- 
ralgia of sympathetic origin, 473 

Neurofibromatosis, extensive plexlform neuro- 
fibromatosis of scalp and pinna, 625 

Newborn Infants, gonococcic arthritis In, 793 

Nipple See Breast 

Nucleus Pulposus See Spine 


Ochsner A Surgical considerations of acha- 
lasia, review of literature and report of 3 
cases, 1148 

of uroloeic surgery, 154, 

1505 

Old ^se, evaluation of Injection treatment of 
hernia in older patients, 3 year statistical 
analysis, 114 

fractures of femoral neck In aged. 


Oliver, R L Metaplasia In breast, 714 
Orchiopexy See under Testicles 

Orthopedic surgery, seventy -second report of 
progress In, 788 

Os Calcls See Calcaneum 


Ossification, ossifying hematoma and allied con- 
oltlona, 516 


Osteitis fibrosa , 
severe Icterus 


osseous dystrophy following 
neonatorum, 79i 




Osteomalacia of spinal column from deficient 
tnet or from disease of digestive tract, 791 
pathologic picture of malacla of lunate bone. 


Osteomyelitis, BacUlus pyocyaneus osteomyeUt 

Of successful trea 
ment with sulfanilamide, 740 

cjstltls associated with, 1512 
recurrence of infection after elective open 
lions in cases of healed suppuration : 
bones and joints, 1426 

Osteoperiostitis, syphilis of skeleton In ear 
infancy, 793 


Oxygen consumption, phosphatase activity in 
early callus, 809 

deficiency , cerebral complications following 
surgical operations, factors which predis- 
pose to cerebral anoxia, 772 


Pain, experimental studies on headache, pain- 
scnslttvo structures of head and their sig- 
nificance in licadacho, 813 

Pancreatitis, acute, etlologlc review and report 
of 35 cases, 1008 

ParaUsls Seo Extremities, paralysis 

Patella See also Knee 
excision for arthritis of knee joint, 807 

Pectus Excavatum See Thorax, abnormalities 

Pth Is, abscess, rupture of Inflammatory masse* 
into bladder, 185 

Ptnls, priapism, 1520 


Peptic Ulcer, 238 

borderline problems in digestive fields, 226 
cardial gastric ulcers, results of operation 
for apparently Inaccessible lesions, 542 
cifect of cholecystogastiostomy on clnchophen- 
produced ulcer in dogs, 569 

Periosteum, bone-regenerating activity of, 309 

Perlman, R Seventy- second report of progress 

In orthopedic surgery, 78S 


Phalanges See Fingers and Toes 


Phemlster, D B Changes in bones and joints 
resulting from Interruption of circulation, 
general considerations and changes resulting 
from Injuries, 436 

Changes in hones and joints resulting from 
interruption of circulation, nontrauraatlc 
lesions in adults with bone infarction, 
arthritis deformans, 1455 


Phlebitis, circulation time from foot to carotid 
sinus and from arm to carotid , 
man, effects of operation and of 
Istratlon of thyroid gland , ^stoperativ 
nhiPhiHn ftnrt milmonary emboUsm 


Phosphatase activity in early callus, 809 
Pigmentation, osseous dystrophy following se- 
vere Icterus neonatomm, 791 


Pneumothorax, spontaneous, 

pressure intratracheal anesthesia, rep 
case, 61 


Polyps See Stomach 

Portal Vein, bleeding esophageal varices^ 

evaluation of methods Injection 

their control, especially by <Urect hUecu 
of sclerosing solution, liw-*- 
Pott’s Disease Sea Spine, tuberculosis 

Pregnancy, ectopic. Its 340 d agso 

problems of general surgeon, 010 

ureteral dilatation of, 173 

Pressure, elfects on ri^ or 
medullary pressure, 8ii 
Prevesical Soace See under Absces 


le? /'t Bevlew of urologic surgery. 

14, 1272, 1505 

te, abscess, 178, 1803 

!er, 177, 1300 

jTtropby, 175, 1295 

:rtrophy, castration " (aBdro.insl- 
■rtrophy, glandular therapy 
25 

ayoma, 1302 
tatlc fluid, 178 
jma, 1300 

perineal prostatecto^. 
surethral resection l-> 

Sec under Prostate 
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Prothrombin See Blood coauuintlon 

Pieuilarthrosls coURcnltal bowlnp and pseud 
artbrosla of lower part of Icff 7S8 

Puberty See Adolescence 

Pyelocraphy, urograph> 203 1531 

Radius fractures of head of S03 

Ray B S Eiporlmcntal studies on licadac he 
pain sensUlvo structures of head and their 
alCDlflcance In headache 813 

^Recklinghausen s Disease Sec \euro 

fibromatosis 

Rectum gangrene of sigmoid llc\ure of colon 
uuo to volrulus recoveri of child spon 
laneous anastomosis between descending 
colon and rectum 403 

reaction of carcinomatous rectosigmoid June 
lure with reestablishment of intestinal con 
imuJty, subsequent report 110 
some etiologic and pathologic factors In can- 
cer of large bowel 257 

P Acute metastatic spinal epl 

abscess report of 2 cases with rc 
covery following laminectomy 994 

Reflex renal digestive reflex, 20C 

Regu^ij^^atlon symptoms of esophageal disease 

^ Buccal neuralgia form of 
or^n 473 ^^^^^ neuralgia of sympathetic 

Reldy j ^ Seventy second report of progress 
m orthopedic surgery 788 
Rheumatism See Arthritis 
h* benign chondromas of 798 
^^811* increased Intramedullary pressure 

Icdel 8 Struma See Thyroid diseases 

^ Microscopic changes In 

tin« ° • thyroid gland by oral admlnlstra 
i thyroid use of sub 

. 1 ^^® ^n treatment of congenital and 
“unple colloid goiter 487 

® Capillary permeability In areas 
innammatlon produced by xylene 101 

capillary permeability fac 
gg in tissue extracts from normal rabbits 

ataphylococcl In areas of In 
nammatlon produced by xylene 879 

* H E Cerebral complications follow 
operations factors which pre 
lapose to cerebral anoxia 772 

^08 appendix after 34 

*^^^730*^ ^ ^ Euchs test for malignancy 

Rod Soluble rod as aid to vascular anastomosis 
experlmenUl study 1004 
®ontgen Rays Therapy See under names of 
rgans regions and diseases 
oiuUl c Prcoperatlvo diagnosis of torsion 
f pedicle of spleen report of caso with 
splenectomy followed by recovery 781 
ofind Ligament leiomyoma of 637 

Sacrococcygeal Beglon surgical management of 
sacrococcygeal and vertebral chordoma 403 

Sacroiliac Joint sacroiliac changes in diagnosis 
o' spondylarthritis in earlj stages 793 


S jorum congenital absence of, 1220 

bircoma See also Adenomyosarcoma Cancer 
Llpoflbrosarcoma Tumors , etc 
Ewing 3 (endothelial myeloma) 29 
osteogenlo treatment of 798 

Scalp extenshe pleilform neurofibromatosis of 
scalp and pinna 625 

Scaphoid Bono Carpal fracture of carpal na- 
vicular bone 803 

SchatzkI R Roentgen demonstration of 
esophageal varices its clinical Importance 
1084 

Scheln A J Bacillus pyocyaneus osteomye 
lltls of spine report of case of successful 
treatment with sulfanilamide 740 

Scheuermann s Disease See Spine curvature 

Schindler R Familial occurrence of hyper 
plastic gastric polyps report of 2 cases 
classification of benign mucosal tumors of 
stomach 1483 

Scholl A J Review of urologic surgery 154 
1272 1505 

Schunke G B Leiomyoma of round ligament 
637 

Sciatica, air myelography In diagnosis of Intra 
spinal lesions 704 

Intrasplnal lesions associated wltli pain low 
In back and sciatic pain 794 
sciatic radiation of pain low In back 795 
Sclerosing Solutions See under Esophagus 
Scoliosis See Spine curvature 
Scrotum carcinoma 1523 

Scuphnm G W Revascularization of Ischemic 
kidney 1304 

Seed L Parenteral administration of water 
soluble compound with vitamin K activity 
4 amino 2-methyl 1 naphthol hydrochloride 
1244 

Semilunar Bone pathologic picture of malacia 
of lunate bone 811 
Semilunar Cartilages See also Knee 

lymph spaces of normal and diseased mcnis 
cus 810 

Shapiro A Role of Intraluminal obstruction 
In pathogenesis of acute appendicitis 1251 
Serum proteins and wound healing 723 

Shea J F Resection of carcinomatous recto 
sigmoid Juncture with reestablishment of 
Intestinal continuity subsequent report 
110 

Shelley II J Direct Inguinal hernias study 
of 605 hernias and of 565 repairs 857 
Femoral hernias study of 238 hernias and 
226 repairs 1229 

Incomplete Indirect Inguinal hernias study 
of 2 402 hernias and 2 337 hernia repairs 
747 

Recurrent Inguinal hernias study of 282 
hernias and 208 repairs 1137 
Shipley V M Ossifying hematoma and allied 
conditions 510 

Shock pathology In man visceral c/Tccts of 
trauma hemorrhage bums and surgical 
operations 123 

Shoulder See also Ilumerus 
echinococcus cyst of shoulder Joint 799 
Injury of acromioclavicular and sternoclavic- 
ular Joints b02 
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sigmoid See also Colon, Intcatliaa 
resection of carcinomatous rtctoslgmold Junc- 
ture \vlth reestablishment of Intestinal con- 
tlnultj , subsequent report, 110 
Volvulus Set under Intestines 
Sinus, Longltudlnil Sec Longitudinal Sinus 
Skull See Ciaulum 

Smith L A Circulation time from foot to 
carotid sinus and from aim to carotid 
sinus of man, elfects of operation and of 
administration of tlo fold gland , post- 
operative phlebitis and pulmonar> embol- 
ism, 1377 

Time required for blood to flow from arm 
and from foot of man to carotid sinuses 
effect of temperature, exercise, Increased 
Intramuscular tension elevation of limbs 
and sympathectomy, 13G0 

Smith S Soluble rod as aid to vascular 
anastomosis, experimental studj, 1001 

Solutions, Sclerosing See under Esophagus 

South Ameiici, some of medical centers of, 
1307 

Sphincter Muscles, phjslologic sphincter of 
hepatic bile duct, 1325 

Spinal Canal Roentgenography air myelography 
in diagnosis of intrasplnal lesions, 794 
Intraspinal lesions associated \\lth pain lo^^ 
in back and sciatic pain, 794 

Spinal Cord See also Meninges, Nervous Sys- 
tem , etc 

late impairment in Scheuermann’s juvenile 
kyphosis (spinal epiphysitis), 790 

Spine See also Sacroiliac Joint, Sacrum 
acute metastatic spinal epidural abscess, re- 
port of 2 cases with recovery following 
laminectomy, 994 

Bacillus pyocyaneus osteomyelitis of spine , 
report of case of successful treatment with 
sulfanilamide, 740 

curvature , late Impairment of spinal cord in 
Scheuermann’s juvenile kyphosis (spinal 
epiphysitis), 790 

curvature, scoliosis following empyema, 796 

effects on ribs of increased intramedullary 
pressure, 811 

epiphysitis of, 790 

influence of fusion of spine on gro'wth of 
vertebrae, 607 

intrasplnal lesions associated with pain low 
in back and sciatic pain, 794 

neurologic aspects of herniated nucleus pul- 
posus, 794 

notch shadows in lateral roentgenograms, 812 
osteomalacia of spinal column from deficient 
diet or from disease of digestive tract, 
791 

sacroiliac changes in diagnosis of spondyl- 
arthritis in early stages, 793 
spondylolisthesis, 795 

surgical management of sacrococcygeal and 
vertebral chordoma, 408 
tuberculosis , Pott’s disease in children, 792 
tuberculous spondylitis, 792 

Spleen, preoperative diagnosis of torsion of 
pedicle of spleen , report of case with 
splenectomy followed by recovery, 781 

Splenectomy See Anemia, splenic 
Splints, new clavicular splint, 802 
Spondylitis See Spine 
Spondylolisthesis See Spine 


Stains and Staining, demonstration of capillary 
permeability factor In tissue extracts from 
normal rabbits, 90 

Stapliyloeoccl, acute staphylococcic infections of 
kidneys, 1283 

loeallzatloii In areas of inflammation produced 
by xylene, 879 

Stcrlll/atlon See also Germicides 

of air In operating room with bactericidal ra- 
diation , results from Nov 1, 1938 to Nov 
1, 1939, with further report as to safety 
of patients and personnel, 334 
Sternum, injury of acromioclavicular and 
sternocla\lcular joints, 802 
Stewart, H L Carcinoma of extrahepatlc 
bile ducts, 602 

Stomach, familial occurrence of hyperplastic 
gastric polyps, report of 2 eases, dasslfl- 
eatlon of benign mucosal tumors of stom- 
ach, 1483 

osteomalacia of spinal column from deficient 

diet or from diseases of digestive tract, 
791 , 

perforation as complication of gastric carci- 
noma, 937 

place of gastroscope In diagnosis of les o 
of stomach and of duodenum, — l 
Ulcers See Peptic Ulcer 
stone, H B Surgical problems In trealmen 
of chronic ulcerative colitis, o-o 
Sugarbaker, E D Cancer of tongue, 883 
Sulfanilamide and Sulfanlla^de er va 
Therapy See Osteomyelitis 

Surgery See also Y^eater efficacy 

catgut sutures of certain 

achieved through observance 

details, 53 . nn 

cerebral complications following 3 8 

eratlons, factors which predispose 
bral anoxia, 772 sinus 

circulation time from of man 



of thyroia giauu, i 

and pulmonary emboUsm, lan 

hiunan side of, 296 „i,ceral effects 

pathology of sl^o^k-ln man, *3 ^ ^^jglcal 

of trauma, hemorrhage, bums 
operations, 123 (vltli 

sterilization of ^ ’’J’^ults from 

bactericidal ratotlon . report 

1938 to Nov 1. 1939 . wun 334 

as to safety of P“t “l“414 
suture studies, new suture ^ r 

Sutures, catgut sutures a observance 

efficacy achieved throui. 
certain details, o3 

new suture, 1414 ,„ov,toi:a3trostoray 

Swan H Effect of dogs, 5b9 

clnchophen-produced u gow 

Sympathectomy, ttae ^qu “““JrcUo, In 

symposiums, special features for 

1305 „„ of organs and re 

SyphlUs See under names 
giona, as Bones, 

Tabes DorsaUs, ifed°^fo^ Wood^ to^^o^' 

Temperature, time r n j ,che 

from arm aud/"®"/ temperature, 
sinuses, e^framuscular tenalon 
increased ‘"‘^^patbeclomy, 
of limbs and symp,* 
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Tendons correction of congenital subluxation 
of fifth toe 808 
Testicles See also Epididymis 
orchiopexy 190 
tumors 187 1515 

Testosterone Propionate Sec Androgens 
Tetanus intrathecal administration of anti 
toxin, 299 

Thompson G J Review of urologlc surgery 
154 1272 1505 

Thorax abnormalities, pectus eicavatum 700 
aneurysm of ductus arteriosus with consider- 
ation of Its Importance to thoracic surgeon, 
report of 2 cases, 324 

Thjrold See also Goiter 

circulation time from foot to carotid sinus 
and from arm to carotid sinus of man , 
effects of operation and of administration 
of thyroid gland postoperative phlebitis 
and pulmonary embolism 1377 
diseases origin evolution and significance of 
giant cells In Riedel s struma 308 
essential hjpertenslon and hjperthyroldlsm 
239 

microscopic changes Induced by oral adralnls 
tration of desiccated thyroid use of sub- 
stance In treatment of congenital and 
simple colloid goiter 487 

Tibia fractures of tiblal plateau 805 
lengthening of tibia and fibula 807 

Tissue See also Cells 

demonstration of capillary permeability fac 
tor In tissue extracts from normal rabbits 
96 

fibrosarcoma of soft tissue producing regional 
concentric bone absorption 1257 

Toes See Fingers and Toes 
Tongue cancer of 888 

Transplantation See under Epiphyses Ureters 
etc 

Trauma See also under Head , Kidneys 
Shoulder etc 

changes In bones and Joints resulting from 
Interruption of circulation , general con 
slderations and changes resulting from in 
Juries 436 

pathology of shock In man, visceral effects of 
trauma hemorrhage bums and surgical 
operations 123 
Trochanter See Femur 
Trochlea Sec Humerus 
Trout If II Eudwlg s angina 532 
Trucx V Fuchs test for malignancy 730 

Tuberculosis See under Epididymis Hip 
Joint Kldnci s Spine etc 

Tumors See also Cancer Chondroma Chor 
doma Leiomyoma Sarcoma and under 
names of organs and regions as Vbdomcn 
Bladder KldnciS Brostate Stomach Tea 
ticks etc 

effects of local reaction In spontaneous tumors 
of animals and human belm^s 79 
IMlms See under Kldnejs 
Turner G C Somo of medical centers of 
South \mcrlca 1307 

Udesky H Parenteral adralnlatralion of water 
soluble compound with \ltamln K actlvltj 
1 amino 2 methyl 1 luplilhol lijdr<K’hlorl<Jc 
1214 


Ulcers See under names of organs and re- 
gions as Bladder etc 

Ultraviolet Rays sterilization of air in oper- 
ating room with bactericidal radiation re- 
sults from Isov 1 1938 to Kov 1 1939 

with further report as to safety of patients 
and personnel 334 

Ureters See also Urinary Tract 
anomaly 1287 
calcuU 1G8 1288 
dilatation 1293 
dilatation of pregnancy 173 
hemorrhage 1292 
Injury 174 1290 
Intussusception 1292 

surgical treatment of bladder kidney and 
ureters 195 

transplantation 172 1291 
Urethra abscess 186 
calculi 1520 
Infection 185 

Inflammation urethritis 1522 
resistance to escape of urine 187 
stricture 1522 
transurethral operations, 196 
Urethritis See Urethra inflammation 
Urinary Tract See also Kidneys Ureters etc 
antiseptics 1530 
bacteriology of infection 199 
calculi, 103 

calculi, urolithiasis 1528 
hernia and Infection of, 203 
Urination Incontinence 1513 
incontinence, enuresis 1530 
resistance of urethra to escape of urine 187 
Urine See also Hematuria Urination 
suppression anuria 205 
Urography See Pyelography 
UroliUiiasIs See Urinary Tract calculi 
Urologlc surgery review of 154 1272 1505 
Urology, vitamin therapy In, 1527 

Vasomotor System See Blood vessels SyTn 
pathectomy 

Veins Seo also Blood vessels Embolism 
Phlebitis * etc 

bleeding esophageal varices evaluation of 
methods directed toward their control espe- 
cially by direct injection of scltroalng 
solution 1101 
Portal See Portal Vein 
renal ligation of inferior vena cava 1331 
Vena Cava ligation of Inferior vena cava 1311 
Vertebrae See Spine 

Mscera pathology of shock In man visceral 
effects of trauma hemorrhage burns and 
surgical operations 123 

Mtamlcs K metabolism and role of liver In 
production of prothrombin In animals 5S> 
K parenteral administration of water soluble 
compound with vitamin K activity 4 amino 
2 methyl 1 naphthol hydrochloride 1244 
K rtsiHDDSe of plaitna prothrombin to vita 
min K substitute therapy In casts of hepatle 
disease l3o3 
therapy In urology 

1 oJvj llJS Sti Jofi Ij/Jt ^ 
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wallers, W Bleeding esophageal varices , 
evaluation of methods directed toward 
their control, especially by direct Injec- 
tion of sclerosing solution, HOI 
Cardial gastric ulcers, results of operation 
for apparently Inaccessible lesions, 512 

Weeks, A Subdeltoid bursitis, 551 

Whlttenberger, J L Ligation of Inferior 
vena cava, 1334 

WUdbolz E Bevlew of urologlc 3urgcr>, 151, 
1272, 1505 

Wilms Tumor See under Kidney 

Wolff, H G Experimental studies on head- 
ache, pain-senslUve structures of head and 
their significance in headache, 813 

Wood, G 0 Lymph in experimental burns, 
1038 

Wool, gas gangrene with reference to Importance 
of wool as source of contamination, 393 


Wounds, serum proteins and wound healing, 723 
suture studies, new suture, 1414 

Wrist See also Scaphoid Bone, Carpal, Semi- 
lunar Bone 

fracture of carpal navicular bone, 803 

Xylene, capillary permeability la areas of in- 
fiammatlon produced bj \>lene, 101 
localization of staphylococci in areas of in- 
llammatlou produced b> xylene, 8T9 

Young, II H Operative treatment of true 
hermaphroditism , new technic for curing 
hjpospadlas, 557 

Zochel, G Ectopic pregnancy. Its relation to 
diagnostic problems of general surgeon, 646 

Zcligs, I M Congenital absence of sacrum, ^ 
1220 

Zimmerman, L 11 Malignant tumors of hernial | 
sacs, 1215 / 
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